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a  b  s  t  r  a  c  t

A  dry  purified  extract  of Panax  ginseng  (PEG)  was  prepared  using  a  manufacturing  process  that  includes
column  chromatography,  acid hydrolysis,  and  an  enzyme  reaction.  During  the manufacturing  process,
the more  polar  ginsenosides  were  altered  into  less  polar  forms  via  cleavage  of their  sugar  chains  and
structural  modifications  of  the  aglycones,  such  as  hydroxylation  and  dehydroxylation.  The structural
changes  of  ginsenosides  during  the  intermediate  steps  from  dried  ginseng  extract  (DGE)  to  PEG  were
monitored  by  ultra-performance  liquid  chromatography  coupled  with  quadrupole  time-of-flight  mass
spectroscopy  (UPLC–QTOF/MS).  22 ginsenosides  isolated  from  PEG  were  used  as  the reference  standards
for determining  of unknown  ginsenosides  and  further  suggesting  of the  metabolic  markers.  The  elution
order  of 22  ginsenosides  based  on the  type  of  aglycones,  and  the  location  and  number  of sugar  chains
can  be used  for the  structural  elucidation  of  unknown  ginsenosides.  This  information  could  be used  in a
dereplication  process  for  quick  and  efficient  identification  of  ginsenoside  derivatives  in ginseng  prepara-
tions.  A  dereplication  approach  helped  the identification  of  the  metabolic  markers  in the  UPLC–QTOF/MS
chromatograms  during  the  conversion  process  with  multivariate  analyses,  including  principal  compo-
nent  analysis  (PCA)  and  orthogonal  partial least  squares  discriminant  analysis  (OPLS-DA)  plots.  These

metabolic  markers  were  identified  by comparing  with  the  dereplication  information  of the reference
standards  of  22  ginsenosides,  or they  were  assigned  using  the  pattern  of  the  MS/MS  fragmented  ions.
Consequently,  the developed  metabolic  profiling  approach  using  UPLC–QTOF/MS  and  multivariate  anal-
ysis represents  a new  method  for  providing  quality  control  as  well  as  useful  criteria  for  a similarity
evaluation  of  the manufacturing  process  of ginseng  preparations.

©  2015  Elsevier  B.V.  All  rights  reserved.
. Introduction
Ginseng (Panax ginseng C.A. Meyer) has been used for thousands
f years in Korean traditional medicine as an herbal medication for a

Abbreviations: DGE, dry ginseng extract; MeOH, methanol; MS, mass spectrome-
er;  OPLS-DA, orthogonal partial least squared discriminant analysis; PCA, principle
omponent analysis; PEG, the final dry purified extract of P. ginseng; PPD, pro-
opanaxadiol; PPT, protopanaxatriol; QTOF, quadruple time-of-flight; UPLC, ultra
erformance liquid chromatography.
∗ Corresponding author at: College of Pharmacy and Research Institute of Phar-
aceutical Science, Seoul National University, Seoul 151-742, Republic of Korea.

el.: +82 2 880 7859; fax: +82 2 877 7859.
E-mail address: shsung@snu.ac.kr (S.H. Sung).

ttp://dx.doi.org/10.1016/j.jpba.2015.02.034
731-7085/© 2015 Elsevier B.V. All rights reserved.
variety of disorders. Ginseng is believed to be an important medici-
nal resource and health supplement for enhancing bodily functions,
maintaining human health, and balancing bodily conditions [1,2].
Recently, ginseng has become popular as a dietary health supple-
ment and as an additive in foods and beverages. Ginsenosides, the
major pharmacologically active ingredients in ginseng, are triter-
penoidal saponins that are primarily attributed to a wide range
of pharmacological and therapeutic properties, i.e., maintaining
homeostasis of the body, improving brain function, preventing can-
cer, enhancing the immune system, and adjusting blood pressure.

Ginsenosides also exhibit anti-aging, anti-obesity, and anti-diabetic
effects [3,4]. Ginsenosides are classified into three groups accord-
ing to the type of aglycones, i.e., dammarane, ocotillol and oleanane
triterpenes. Furthermore, the dammarane type to which most

dx.doi.org/10.1016/j.jpba.2015.02.034
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpba.2015.02.034&domain=pdf
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insenosides belong can be generally classified as protopanaxadiol
PPD; ginsenosides Rb1 (Rb1), Rc, Rd, Rg3, Rh2, etc.) or protopanax-
triol (PPT; Rg1, Re, Rg2, Rh1, etc.) [5,6]. Although the sugar chains
n the PPD-type group are attached to C-3 or C-20, the sugar chains
n the PPT-type group are linked to a hydroxyl moiety at C-6 or C-20
7]. In addition, the two types can be further differentiated based
n the types of sugar chains and the aliphatic chain at C-17. The less
olar ginsenosides (F2, Rg2, Rg3, Rh1, Rh2, compound K, etc.), which
re rarely present or even absent in wild ginseng, can be produced
y transformation of the more polar ginsenosides (Rb1, Rb2, Rc, Rd,
e, etc.), which account for more than 80% of the total ginsenosides

n wild ginseng [7]. Biotransformation methods, i.e., hydrolysis,
teaming, heating, and enzymatic and microbial transformations,
ave been attempted to produce less polar ginsenosides with less
han two sugar chains, which show more potent pharmacological
ctivities than the more polar varieties [8,9]. In particular, Rh2 (one
lucose at C-3) and Rg3 (two glucoses at C-3) have been well studied
s anti-cancer agents in various cell lines [10–14].

Recently, ultra-performance liquid chromatography coupled
ith quadrupole time-of-flight mass spectroscopy (UPLC–QTOF/
S)  has been applied as a powerful analytical tool for rapid analysis

f the complex components or metabolites and chemical trans-
ormations in ginseng-related products [15,16]. The development
f the UPLC–QTOF/MS system offers much higher resolution for
he separation of single components in ginseng extracts and also
acilitates quantification with high sensitivity and selectivity for
dentification of the components in ginseng extract [17,18]. The
alue of accurate mass acquired from QTOF/MS can be the most
mportant information and have been applied to predict and find
he known components in natural products extracts as a derepli-
aiton strategy.

The final dry purified extract of P. ginseng (PEG) product was
roduced from dry ginseng extract (DGE) via patented technolo-
ies [19,20]. It was designed for elevating the content of many less
olar ginsenosides, especially Rh2 and Rg3, in the three steps of the
anufacturing processes, i.e., column chromatography, acid and

nzyme hydrolysis, and pressurized heating.
Recently, a dereplication process using LC/MS was  demon-

trated as a powerful technique for rapid isolation and identifica-
ion of known compounds from natural product extracts including
insenosides [21,22]. The chromatograms and spectroscopic data
cquired from the LC/MS technique could be used to monitor
hanges in the chemical profile during the manufacturing processes
n natural product preparations [23–26]. With this perspective, we
ttempted to discovery of the metabolic markers during the man-
facturing steps from DGE to PEG. The metabolic markers could
e identified via a dereplication process using the spectroscopic
eatures of 22 ginsenosides isolated from PEG as the reference
tandards. The suggested metabolic markers and a dereplication
pproach might be used in quality control as well as for observation
f the metabolic changes in ginsenosides during the manufacturing
rocess of ginseng preparation.

. Material and methods

.1. Chemicals

The preparations of ginseng extracts and reference standards
sed in this study were gifted from Green Cross Health Science,

nc. (Sungnam, Korea) [19,20]. The manufacturer provided four dry
inseng extracts (DGE), seven of the first intermediate products (I-

), eight of the second intermediate products (I-2), and eleven of the
nal products (PEG) produced from different batches and prepared
ith patented technology. In brief, the harvested crude ginseng was

round and repeatedly extracted with aqueous ethanol followed
Biomedical Analysis 109 (2015) 91–104

by evaporation in vacuo to yield DGE. Next, DGE was  suspended in
distilled water and subjected to HP-20 resin column chromatog-
raphy to yield I-1. The I-2 was obtained from I-1 by reaction with
an enzyme containing ginsenoside-ˇ-glucosidase. After mild acid
hydrolysis (acetic acid) of the mixture of I-1 and I-2, the reactant
was purified with HP-20 resin followed by washing with aqueous
ethanol. Aqueous ethanol extract was concentrated and designated
as PEG, also named P. ginseng dry purified extract.

2.2. Preparation of samples and reference standards

The powdered samples were resolved in 80% MeOH to obtain a
concentration of 5 mg/ml  and filtered through a 0.2-�m membrane
filter prior to the analysis. The reference standards of Rb1, Rb2, Rc,
Rd, Re, and compound K were provided by Green Cross Health Sci-
ence, Inc., and 22 ginsenosides (Table 2) were isolated using a series
of column chromatography techniques according to the procedure
in the previous study [26]. The reference standards were dissolved
in 80% MeOH and mixed at a concentration of 100 �g/ml for injec-
tion into the UPLC–QTOF/MS system. The volume injected to the
column was  1 �l, and each sample was injected three times. The
run sequence was  randomly generated, and the blank (80% MeOH)
was injected once every five runs.

2.3. UPLC–QTOF/MS analysis

The UPLC–QTOF/MS analyses were performed on a Waters
Acquity UPLC system (Waters Co., Milford, MA,  USA), which
consists of a binary solvent delivery system and an auto sam-
pler. The UPLC column was a Waters Acquity UPLC BEH C18
(150 mm × 2.1 mm,  1.7 �m).  The mobile phases were 0.1% formic
acid in H2O (A) and acetonitrile (B), with the following gradient:
15% B (0–2 min), 15–50% B (2–10 min), 50–70% B (10–17 min),
70–90% B (17–20 min), 90% B (20–21 min), and 15% B (21–23 min).
The flow rate was set at 400 �l/min. The temperatures in the auto
sampler and in the column oven were set at 10 ◦C and 45 ◦C, respec-
tively. The MS  experiments were performed on a Waters Xevo G2
QTOF mass spectrometer (Waters MS  Technologies, Manchester,
UK) connected to the UPLC system through an electrospray ioniza-
tion (ESI) interface. The ESI conditions were set as follows: negative
ion mode, capillary voltage of 2.5 kV, cone voltage of 45 V, source
temperature of 100 ◦C, desolvation temperature of 350 ◦C, cone gas
flow of 50 l/h, and desolvation gas flow of 800 l/h. The ion acquisi-
tion rate was 0.2 s with resolution in excess of 20,000 FWHM.  The
energy for collision-induced dissociation (CID) was set to 4 V for the
precursor ion, and the MS/MS  fragment information was obtained
using a collision energy ramp from 40 eV to 45 eV in MSe  mode.
The instrument was calibrated using sodium formate solution as
the calibration standard suggested by the manufacturer allowing
for mass accuracies of <5 ppm. To ensure the mass accuracy and
reproducibility of the optimized MS  condition, leucine encephalin
(m/z 554.2615 in negative mode) was used as the reference lock
mass at a concentration of 200 pg/�l and a flow rate of 5 �l/min
and was  sprayed into the MS  instrument every 10 s.

2.4. Data processing and multivariate statistical analysis

For the chemical profiles of the samples (DGE, I-1, I-2 and PEG),
accurate and reproducible MS  data acquired from UPLC–QTOF/MS
were processed using MassLynxTM software (Ver. 4.1, Waters Co.,
Milford, MA,  USA). For identification of the peaks, all possible
molecular formulae (elements C, H, O, tolerance of 5 mDa, at least

2 carbons) were extracted with the Element Composition analysis
software provided by the manufacturer.

For multivariate statistical analysis, the chromatographic data
and MS  spectral data for each peak were extracted in MakerLynxTM
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Table  1
Structures of 1–22 ginsenosides isolated from PEG.

R1

OH
OH

R2

R 3

Name R1 R2 R3

25-OH-20S-Rh1 (1) OH O-Glca ˇ-OH
25-OH-20R-Rh1 (2) OH O-Glc ˛-OH
25-OH-20S-Rh2  (10) O-Glc H ˇ-OH
25-OH-20R-Rh2 (11) O-Glc H ˛-OH

R1

OH

R3

R2

Name R1 R2 R3

20S-Rg2 (4) OH O-Glc-Rhab ˇ-OH
20S-Rh1 (5) OH O-Glc ˇ-OH
20R-Rg2 (6) OH O-Glc-Rha ˛-OH
20R-Rh1 (7) OH O-Glc ˛-OH
20S-AcetylRg2 (8) OH O-AcetylGlcc-Rha ˇ-OH
20R-AcetylRg2 (9) OH O-AcetylGlc-Rha ˛-OH
20S-Rg3 (14) O-Glc-Glc H  ̌ -OH
20R-Rg3 (15) O-Glc-Glc H ˛-OH
20S-Rh2 (19) O-Glc H ˇ-OH
20R-Rh2 (20) O-Glc H ˛-OH
20S-AcetylRh2 (21) O-AcetylGlc H ˇ-OH
20R-AcetylRh2 (22) O-AcetylGlc H ˛-OH

HO

OH

O Glc

OH

25-OH -Rh4 (3)

Name R1 R2

Rk3 (12) OH O-Glc
Rk1 (17) O-Glc-Glc H

R1

OH

R2
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Table 1 (Continued )

Name R1 R2

Rh4 (13) OH O-Glc
Rg5 (18) O-Glc-Glc H

HO

O

O
Glc

Oleanolic acid 28-O-ˇ-d-glucopyranose (16)
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a Glc: ˇ-d-glucose.
b Glc-Rha: -2′-O-˛-l-rhamnose.
c AcetylGlc: ˇ-d-6′-O-acetyl-glucose.

oftware (Ver. 4.1, Waters Co., Milford, MA,  USA). The method
arameters for the acquisition of the data matrix were a retention
ime range of 1–23 min, a mass range of 400–1200 Da, and an XIC
indow of 0.02 Da. Ions from different samples were considered

o be the same ion if they demonstrated the same tR (tolerance
f 0.2 min) and m/z value (tolerance of 0.04 Da) as the collection
arameters. The peak was determined using a peak width of 5%
f the peak height of 5 s, a noise elimination of 10, and an inten-
ity threshold of 30. The ion intensities for each detected peak were
ormalized against the sum of the peak intensities within that sam-
le using MarkerLynxTM. After the collection by MarkerLynxTM,
hese three-dimensional data composed of peak number (tR-m/z
air), sample name, and ion intensity were analyzed using princi-
le component analysis (PCA) and orthogonal partial least squared
iscriminant analysis (OPLS-DA) with the SIMCA-P software (Ver.
3, Umetrics, Umea, Sweden). To increase the importance of low-
bundance ions without significantly amplifying the noise, the data
atrix was transformed via Pareto scaling. The quality of the OPLS-
A models was evaluated using R2 (the goodness-of-fit parameter)
nd Q2 (the predictive ability parameter). The metabolic markers
ignificantly contributed to the discrimination between each step,
s determined by the S plot based on the OPLS-DA plots. Among the
arkers provided by the multivariate analyses, metabolite peaks
ere determined by comparison with the reference standards or

he isolated compounds and were tentatively assigned by MS/MS
nalysis compared with the literature values or by searching the
ccurate masses using the on-line chemical databases (Scifinder®;
ttp://www.scifinder.org, Reaxys®; http://www.reaxys.com).

. Results and discussion

.1. Optimization of the UPLC–QTOF/MS chromatographic
onditions

The UPLC–QTOF/MS conditions were optimized to obtain opti-
al  peak capacity, stronger retention, and better resolution of
ajor components in all samples. Within the gradient time

23 min) at a flow rate of 400 �l/min, the gradient solvent con-
ition consisting of 0.1% formic acid and acetonitrile was  used
o obtain the improved peak capacity and resolution of the more
olar ginsenosides compared with the lower polarity ginsenosides
t the optimal backpressure (less than 9000 psi). Compared with
he positive ion mode, higher sensitivity and more accurate mass
pectra of minor ginsenosides with low background noise could

e more easily acquired in the negative ion mode [18]. In further
tudies, UPLC–QTOF/MS data for identification of structures, molec-
lar formulae of components in samples, and multivariate analyses
ere acquired and processed in negative ion mode. To obtain better
resolution of the MS  spectra, the ESI conditions were optimized as
described in the Material and Methods section with 22 ginsenosides
isolated from the final product, PEG, as the reference standards. The
mass accuracy was set up with resolution power in excess of 20,000
FWHM within 5 ppm using external calibration setting. We  used
the MSe  experiment mode for simultaneous acquisition of both
non-fragmented parent ions and their fragmented daughter ions
in a single run. The MS/MS  fragmentation data for structural eluci-
dation of ginsenosides were acquired in MSe  mode with different
collision energies (a low collision energy of 4 eV and a high collision
energy ramp ranging from 40 to 45 eV).

3.2. Identification and dereplication of the characteristic peaks
from PEG

We  isolated 22 ginsenosides from the final PEG product using
a series of column chromatography steps (Table 1) [27]. The
structures were elucidated with 1D and 2D NMR  spectra data
and compared with spectroscopic data in the literature (Table 2).
These components had four structural features. First, all 22 gin-
senosides obtained from PEG showed no sugar chain at C-20
and 1–2 sugar chains at C-3 (PPD-type) or C-6 (PPT-type). This
structure might result from selective cleavage of sugar chains
at C-20 by acid hydrolysis during the manufacturing process.
It is known that the cleavage of the glucosyl bond at C-20 is
hydrolyzed more easily than the bonds at C-3 and C-6 in mild
acidic conditions [28]. Second, eight pairs of 20R/S isomers were
isolated, i.e., 25-OH-20R/S-Rh1 (25-hydroxyl-20R/S-ginsenoside
Rh1), 20R/S-Rg2, 20R/S-Rh1, 20R/S-AcetylRg2 (6′-O-acetyl-20R/S-
ginsenoside Rg2), 25-OH-20R/S-Rg2, 20R/S-Rg3, 20R/S-Rh2, and
20R/S-AcetylRh2. This series of 20R-ginsenosides, which are not
frequently found in wild ginseng, were most likely derived by
attack of the hydroxyl group at C-20 after selective deglycosylation
[29]. Third, �20 and �20(22) ginsenosides, i.e., Rg5, 25-OH-Rh4,
Rh4, Rk1, and Rk3, and ginsenosides that are hydroxylated at C-25,
i.e., 25-OH-20R/S-Rh1, 25-OH-20R/S-Rh2, and 25-OH-Rh4, were
generated. These components may  be derived from a combination
of dehydration and hydration in the process of heating and by
acidic or enzyme hydrolysis [30]. Finally, 20R/S-AcetylRg2 and
20R/S-AcetylRh2 with the acetyl group at C-6 of the glucose moiety
were isolated as the reference standards. These ginsenosides
were assumed to have been generated during the manufacturing
process by decarboxylation of the malonyl moiety in the more
polar ginsenosides or by acetylation via mild acidic hydrolysis or

enzyme reactions [30,31]. 22 ginsenosides isolated as the reference
compounds were used for optimizing of solvent gradient and MS
acquisition conditions and further identifying of unknown gin-
senoside by the comparison of their m/z values and fragmentation

http://www.scifinder.org/
http://www.reaxys.com/
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Table  2
Isolated ginsenosides from PEG.

No. tR Measured
mass

Theoretical
mass

�mDa  m/z ion Molecular
formula

MS/MS  fragmentation (�mDa) ID References

1 5.23 655.4417 655.4421 −0.4 C36H63O10 [M−H]− C36H64O10 493.3885 [M−(Glu-H2O)−H]−

(−0.8)
25-OH-20S-
Rh1

[40]

2 5.34 655.4427 655.4421 0.6 C36H63O10 [M−H]− C36H64O10 493.3893 [M−(Glu-H2O)−H]−

(0.0)
25-OH-20R-
Rh1

[40]

3 7.11 637.4311 637.4316 −0.5 C36H61O9 [M−H]− C36H62O9 683.4374 [M+COOH]− ,
475.3788 [M−6(Glc-H2O)−H]−

(0.1)

25-OH-Rh4 [41]

4 8.03 783.4899 783.4895 0.4 C42H71O13 [M−H]− C42H72O13 637.4311 [M−(Rha-H2O)−H]−

(−0.5), 475.3784 [M−(Rha-
H2O)−(Glu-H2O)−H]−

(−0.3)

20S-Rg2 [42]

5 8.18 683.4371 683.4370 0.1 C37H63O11

[M+COOH]−
C36H62O9 475.3783 [M−(Glu-H2O)−H]−

(−0.4)
20S-Rh1 [42]

6 8.29 783.4893 783.4895 −0.2 C42H71O13 [M−H]− C42H72O13 637.4313 [M−(Rha-H2O)−H]−

(−0.3), 475.3778 [M−(Rha-
H2O)−(Glu-H2O)−H]−

(0.1)

20R-Rg2 [41]

7 8.40 683.4367 683.4370 −0.3 C37H63O11

[M+COOH]−
C36H62O9 475.3782M−(Glu-H2O)−H]−

(−0.5)
20R-Rh1 [40]

8 9.15 825.5003 825.5000 0.3 C44H73O14 [M−H]− C44H74O14 783.4891 [M−COCH3−H]−

(−0.4), 637.4306
[M−COCH3−(Rha-H2O)−H]−

(−1.0), 475.377891 [M−(Rha-
H2O)−(AcetylGlu-H2O)]−

(−0.9)

20S-AcetylRg2 [43]

9 9.26 825.5013 825.5000 1.3 C44H73O14 [M−H]− C44H74O14 783.4905 [M−COCH3−H]−

(1.0), 637.4320
[M−COCH3−(Rha-H2O)−H]−

(0.4), 475.3782 [M−(Rha-
H2O)−(AcetylGlu-H2O)]−

(−0.5)

20R-AcetylRg2 [43]

10 9.96 685.4529 685.4527 0.2 C37H65O11

[M+COOH]−
C36H64O9 639.4474 [M−H]− (0.6),

477.3940 [M−(Glu-H2O)]−

(−0.2)

25-OH-20S-
Rh2

[26]

11 10.12 685.4541 685.4527 1.4 C37H65O11

[M+COOH]−
C36H64O9 639.4487 [M−H]− (0.5),

477.3948 [M−(Glu-H2O)]−

(0.4)

25-OH-20R-
Rh2

[26]

12 10.66 621.4370 621.4366 0.4 C36H61O8 [M−H]− C36H60O8 Rk3 [44]
13 10.87 621.4371 621.4366 0.5 C36H61O8 [M−H]− C36H60O8 Rh4 [40]
14 11.36 783.4896 783.4895 0.1 C42H71O13 [M−H]− C42H72O13 621.4368 [M−(Glu-H2O)−H]−

(0.2), 459.3832
[M−2(Glu-H2O)−H]− (−0.4)

20S-Rg3 [45]

15 11.57 783.4904 783.4895 0.9 C42H71O13 [M−H]− C42H72O13 621.4371 [M−(Glu-H2O)−H]−

(0.5), 459.3837
[M−2(Glu-H2O)−H]− (−0.1)

20R-Rg3 [31]

16 12.97 663.4110 663.4108 0.2 C37H59O10

[M+COOH]−
C36H58O8 617.4054 [M−H]− (0.5),

455.3517 [M−(Glu-H2O)−H]−

(−0.8)

oleanolic
acid-28-Glu

[46]

17 14.36 765.4818 765.4789 2.9 C42H69O12 [M−H]− C42H70O12 603.4271 [M−(Glu-H2O)−H]−

(1.0)
Rk1 [45]

18 14.74 765.4807 765.4789 1.8 C42H69O12 [M−H]− C42H70O12 603.4258 [M−(Glu-H2O)−H]−

(−0.3)
Rg5 [45]

19 15.06 667.4424 667.4421 0.3 C37H63O10

[M+COOH]−
C36H62O8 621.4365 [M−H]− (−0.1),

459.3831 [M−(Glu-H2O)−H]−

(−0.5)

20S-Rh2 [47]

20 15.28 667.4426 667.4421 0.5 C37H63O10

[M+COOH]−
C36H62O8 621.4370 [M−H]− (0.4),

459.3840 [M−(Glu-H2O)−H]−

(0.2)

20R-Rh2 [48]

21 17.38 709.4526 709.4527 −0.1 C39H65O11

[M+COOH]−
C38H64O9 663.4462 [M−H]− (−1.0),

621.4351 [M−COCH3−H]−

(−1.6), 459.3828
[M−(Glu-H2O)−H]− (−1.0)

20S-AcetylRh2 [49]

22 17.65 709.4531 709.4527 0.4 C39H65O11

[M+COOH]−
C38H64O9 663.4460 [M−H]− (−1.2),

621.4365 [M−COCH3−H]−

(−0.1), 459.3832

20R-AcetylRh2 No reference

G

p
t
t
w
i

lu, ˇ-d-glucose; Rha, ˛-l-rhamnose; GlcA, ˇ-d-glucuronic acid.

atterns. They were unambiguously matched with the peaks in

he chromatogram of PEG via comparison with the retention
ime and accurate mass (Fig. 1). Interestingly, 20S-ginsenosides
ere always eluted before 20R-ginsenosides among pairs of

dentical planner structures (25-OH-20S-Rh1 > 25-OH-20R-Rh1,
[M−(Glu-H2O)−H]− (−0.4)

20S-Rg2 > 20R-Rg2, 20S-Rh1 > 20R-Rh1, 20S-AcetylRg2 > 20R-

AcetylRg2, 25-OH-20S-Rg2 > 25-OH-20R-Rg2, 20S-Rg3 > 20R-Rg3,
20S-Rh2 > 20R-Rh2 and 20S-AcetylRh2 > 20R-AcetylRh2). Fur-
thermore, �20 ginsenosides were eluted before their �20(22)
derivatives (Rk3 > Rh4, Rk1 > Rg5). The structural and spectrometry
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Fig. 1. UPLC–QTOF/MS chromatograms of PEG (a) and a mixture of 22 ginsenosides (b). The column was  Waters Acquity UPLC BEH C18 (150 mm × 2.1 mm,  1.7 �m).  The mobile
p tonitr
B  at 40
t

d
f
p
t
k
t
v
T
1
a
1
g
t
t
i
6
2
g
2
3
b
(

hases  were 0.1% formic acid in 5% acetonitrile (A) and 0.1% formic acid in 100% ace
 (10–17 min), 60–90% B (17–20 min), 90% B (20–21 min), and 15% B (21.1–23 min)
he  Experimental section. Compounds 1–22 are listed in Table 1.

ata from the isolated ginsenosides were expected to be efficient
or identifying or distinguishing among previously reported com-
onents. This information will be useful for saving time during
he isolation, purification, and spectrometric identification of
nown ginsenosides in a dereplication process. Additionally,
his approach could support the determination of two pre-
iously unreported ginsenoside derivatives (Table 3; Fig. 2).
he fragmentation patterns of two peaks at 12.24 min  and
2.50 min  suggested that their structures contain a glucose, an
cetylated glucose, and a 12, 25-dihydroxydammara-20-ene or
2,25-dihydroxydammara-20(22)-ene backbone. Because �20
insenosides are more polar than their �20(22) counterparts and
he acetyl moiety always occurred on a hydroxyl moiety attached
o C-6′ and not C-6′′ in the glucose groups, they were tentatively
dentified as (3ˇ,12ˇ)-12,25-dihydroxydammara-20-en-3-O-ˇ-
′-O-acetyl-d-glucosyl-(1→2)-O-ˇ-d-glucose (1) and (3ˇ,12ˇ,
0E)-12,25-dihydroxydammara-20(22)-en-3-O-ˇ-6′-O-acetyl-d-
lucosyl-(1→2)-O-ˇ-d-glucose (2), respectively. In addition,

0R-AcetylRh2 ((3ˇ,12ˇ,20R)-12, 20-dihydroxydammara-24-en-
-O-ˇ-6′-O-acetyl-d-glucose) (3) isolated from PEG was  identified
y this approach and confirmed by the MS/MS  fragmentation
Fig. 2c and d).
ile (B) with the following gradient: 15% B (0–2 min), 15–50% B (2–10 min), 50–70%
0 �l/min. The detailed conditions for the UPLC–QTOF/MS analysis are described in

3.3. Characteristic changes in the chemical profile during the
manufacturing process

Under the established UPLC–QTOF/MS conditions, the changes
in the chemical profile throughout the manufacturing process were
remarkable. During the process, the base peak intensity (BPI) chro-
matogram profiles were notably altered. The peak intensities of
the hydrophilic (more polar) components gradually diminished or
disappeared, and those of the non-hydrophilic (less polar) ones
significantly increased. These changes were expected due to the
metabolism of the polar ginsenosides to less polar ginsenosides
via biotransformation, i.e., dehydration and deglycosylation under
acidic or enzymatic conditions [32]. This trend was also observed
in the multivariate analysis (Fig. 3). In the PCA plot based on the
MS data including m/z values, retention times and peak inten-
sities the base peak intensity (BPI) chromatogram, each sample
was clearly clustered in the same group and separated from other
groups except for DGE and I-1. Although samples of DGE and I-

1 were discriminated from others by principal component (PC)
1 and PC2, it was  difficult to distinguish the samples from each
other using the PCA plot. As the simple column chromatography
was performed for removing the primary metabolites, i.e. sugars,
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Table  3
Novel ginsenoside derivatives from PEG (1–2).

No. tR Measured mass Theoretical mass �mDa m/z ion Molecular
formula

MS/MS  fragmentation
(�mDa)

ID

1 12.24 825.5021 825.5000 2.1 C44H73O14 [M−H]− C44H74O14 783.4913
[M−COCH3−H]− (1.8),
621.4369
[M−COCH3−(Glua-
H2O)−H]− (0.3),
459.3841
[M−(AcetylGlub-
H2O)−(Glu-H2O)−H]−

(0.3)

(3ˇ,12ˇ)-12,25-
dihydroxydammara-20-
en-3-O-ˇ-6′-O-acetyl-d-
glucosyl-(1→2)-O-ˇ-d-
glucose

2 12.50 825.5011 825.5000 1.1 C44H73O14 [M−H]− C44H74O14 783.4903
[M−COCH3−H]− (0.8),
621.4363
[M−COCH3−(Glu-
H2O)−H]− (−0.3),
459.3827
[M−(AcetylGlu-
H2O)−(Glu-H2O)−H]−

(−1.1)

(3ˇ,12ˇ,20E)-12,25-
dihydroxydammara-
20(22)-en-3-O-ˇ-6′-O-
acetyl-d-glucosyl-(1→2)-
O-ˇ-d-glucose

3 17.44 709.4534 709.4527 0.7 C39H65O11 [M+COOH]− C38H64O9 663.4470 [M−H]− (0.2),
621.4377
[M−COCH3−H]− (1.0),
459.3779
[M−(AcetylGlu-
H2O)−H]−

(−3.9)

20R-AcetylRh2

F/MS 

a
D
w
s
f
o
t
P
m

F
(
d

a Glu: ˇ-d-glucose.
b AcetylGlu: ˇ-d-6-O-acetyl-glucose; the peaks were collected from a UPLC–QTO

mino acid and polysaccharides in the intermediate step between
GE and I-1, the chemical profile of the mixture of ginsenosides
ere not significantly changed. However, the less polar ginseno-

ides were produced during sequential manufacturing processes
rom I-1. All samples from the PEG group were distinguishable from

ther samples via PC1 (t(1)) (the greatest variance of data), whereas
he I-2 group (the second greatest variance of data, orthogonal with
C1) was clearly separated from others by PC2 (t(2)). This approach
ight be useful for performing similarity evaluations from batch

ig. 2. MS  spectral data and fragmentation patterns of three unreported compounds
1→2)-O-ˇ-d-glucose (1) (a), (3ˇ,12ˇ,20E)-12,25-dihydroxydammara-20(22)-en-3-O-ˇ
ihydroxydammara-24-en-3-O-ˇ-6′-O-acetyl-d-glucose (3) (c; isolated compound, and d
chromatogram of a sample from 11 batches of PEG.

to batch during the manufacturing process if crude ginsengs were
cultivated or collected from other circumstances.

Furthermore, we performed an OPLS-DA analysis to find
metabolic markers that contributed to the discrimination of each
step (Fig. 4). Each step of DGE vs. I-1 (R2 = 0.734, Q2 = 0.985, Fig. 4a),

I-1 vs. I-2 (R2 = 0.592, Q2 = 0.956, Fig. 4b), and I-2 vs. PEG (R2 = 0.685,
Q2 = 0.977, Fig. 4c) was clearly discriminated by t(1). All of the
R2 (the goodness-of-fit parameter) and Q2 (the predictive abil-
ity parameter) values were greater than 0.5, and these values

 (1–3): (3ˇ,12ˇ)-12,25-dihydroxydammara-20-en-3-O-ˇ-6′-O-acetyl-d-glucosyl-
-6′-O-acetyl-d-glucosyl-(1→2)-O-ˇ-d-glucose (2) (b), and (3ˇ,12ˇ,20R)-12,20-
; peak detected in PEG).
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Table 4
Metabolic markers contributing to discrimination between DGE and I-1.

No. tR Measured mass Theoretical
mass

�mDa  m/z ion Molecular
formula

MS/MS  fragmentation (�mDa) ID

1 1.68 503.1758 n.d.a n.d.
2  5.48 945.5435 945.5423 1.2 C48H81O18

[M−H]−
C48H82O18 799.4846 [M−(Rhab-H2O)−H]− (0.2),

783.4886 [M−(Gluc-H2O)−H]− (−0.9),
637.4312
[M−(Rha-H2O)−(Glu-H2O)−H]− (−0.4),
475.3781
[M−(Rha-H2O)−2(Glu-H2O)−H]− (−0.6)

Re

3  5.50 991.5493 991.5478 1.5 C49H83O20

[M+COOH]−
C48H82O18 945.5435 [M−H]− (1.2), 799.4886

[M−(Rha-H2O)−H]− (−0.9), 783.4886
[M−(Glu-H2O)−H]− (−0.9), 637.4312
[M−(Rha-H2O)−(Glu-H2O)−H]− (−0.4),
475.3781
[M−(Rha-H2O)−2(Glu-H2O)−H]− (−0.6)

Re

4  5.98 987.5544 987.5529 1.5 C50H83O19

[M−CO2−H]−
C51H86O21 945.5417 [M−Mald−H]− (−0.6),

799.4821 [M−Mal−(Rha-H2O)−H]−

(−1.8), 783.4872
[M−Mal−(Glu-H2O)−H]− (−2.3),
637.4308
[M−Mal−(Rha-H2O)−(Glu-H2O)−H]−

(−0.8), 475.3782
[M−Mal−(Rha-H2O)−2(Glu-H2O)−H]−

(−0.5)

Mal-Re

5  7.34 799.4847 799.4879 −3.2 C42H71O14

[M−H]−
C42H72O14 637.4316 [M−(Glu-H2O)−H]− (0.0),

475.3787 [M−2(Glu-H2O)−H]− (−0.2)
Rg1 or Rf

6  7.67 1107.5981 1107.5951 3.0 C54H91O23

[M−H]−
C54H90O23 945.5421 [M−(Glu-H2O)−H]− (−0.2),

783.4893 [M−2(Glu-H2O)−H]− (0.0),
621.4377 [M−3(Glu-H2O)−H]− (1.1),
459.3837 [M−4(Glu-H2O)−H]− (−0.1)

Rb1

7  7.76 1193.5989 1193.5955 3.4 C57H93O26

[M−H]−
C57H94O26 1149.6075 [M−CO2−H]– (1.8),

1107.5963 [M−Mal−H]− (1.2), 945.5459
[M−Mal−(Glu-H2O)−H]− (3.6), 783.4908
[M−Mal−2(Glu-H2O)−H]− (1.5),
621.4364 [M−Mal−3(Glu-H2O)−H]−

(−0.2), 459.3877
[M−Mal−4(Glu-H2O)−H]− (4.1)

Mal-Rb1

8  7.76 1149.6083 1149.6057 2.6 C56H93O24

[M−CO2−H]−
C57H94O26 1107.5963 [M−Mal−H]− (1.2), 945.5459

[M−Mal−(Glu-H2O)−H]− (3.6), 783.4908
[M−Mal−2(Glu-H2O)−H]− (1.5),
621.4364 [M−Mal−3(Glu-H2O)−H]−

(−0.2), 459.3877
[M−Mal−4(Glu-H2O)−H]− (4.1)

Mal-Rb1

9  7.88 1077.5870 1077.5845 2.5 C53H89O22

[M−H]−
C53H90O22 945.5453 [M−(Ara(p)e-H2O)−H]− (3.2),

783.4897
[M−(Ara(p)-H2O)−(Glu-H2O)−H]− (0.2),
621.4375
[M−(Ara(p)-H2O)−2(Glu-H2O)−H]−

(1.8), 459.3854 [M−(Ara(p)-H2O)−(Rha-
H2O)−2(Glu-H2O)−H]−

(1.6)

Rc

10  7.95 1119.5979 1119.5951 2.8 C55H91O23

[M−H]−
C55H92O23 1077.5864 [M−COCH3−H]− (1.9),

945.5433 [M−(Penf-H2O)−H]− (1.2),
783.4897
[M−(Pen-H2O)−(Glu-H2O)−H]− (0.2),
621.4368
[M−(Pen-H2O)−2(Glu-H2O)−H]− (1.1)

Rs1 or Rs2

11  7.99 955.4922 955.4903 1.9 C48H75O19

[M−H]−
C48H76O19 793.4386 [M−(Glu-H2O)−H]− (1.2),

455.3500
[M−2(Glu-H2O)−(GlcAg-H2O)−H]−

(−2.5)

Ro

12  8.13 1077.5869 1077.5845 2.4 C53H83O22

[M−H]−
C53H84O22 945.5432 [M−(Xylh-H2O)−H]− (0.9),

915.5332 [M−(Glu-H2O)−H]− (3.2),
783.4895
[M−(Xyl-H2O)−(Glu-H2O)−H]− (0.0),
621.4360
[M−(Xyl-H2O)−2(Glu-H2O)−H]− (−0.6),
459.3843
[M−(Xyl-H2O)−3(Glu-H2O)−H]− (0.6)

Rb2

13  8.20 1163.588 1163.5849 3.1 C56H91O25

[M−H]−
C56H92O25 1119.5988 [M−CO2−H]− (3.7),

1077.5874 [M−Mal−H]− (2.9), 945.5439
[M−(Pen-H2O)−H]− (1.8), 783.4901
[M−(Pen-H2O)−(Glu-H2O)−H]− (0.6),
621.4375
[M−(Pen-H2O)−2(Glu-H2O)−H]− (1.8),
459.3829
[M−(Pen-H2O)−3(Glu-H2O)−H]− (−0.9)

Mal-Rb2
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Table  4 (Continued )

No. tR Measured mass Theoretical
mass

�mDa  m/z ion Molecular
formula

MS/MS  fragmentation (�mDa) ID

14 8.21 1119.5978 1119.5988 −1 C56H91O25

[M+COOH]−
C56H92O25 1077.5874 [M−Mal−H]− (2.9), 945.5439

[M−(Pen-H2O)−H]− (1.8), 783.4901
[M−(Pen-H2O)−(Glu-H2O)−H]− (0.6),
621.4375
[M−(Pen-H2O)−2(Glu-H2O)−H]− (1.8),
459.3829
[M−(Pen-H2O)−3(Glu-H2O)−H]− (−0.9)

Mal-Rb2

15  8.67 991.5495 991.5536 −4.1 C48H81O18

[M−H] −
C48H82O18 783.4885 [M−(Glu-H2O)−H]− (−1.0),

621.4346 [M−2(Glu-H2O)−H]− (−2.0),
459.3813 [M−3(Glu-H2O)−H]− (−2.5)

Rd

16  8.67 945.5432 945.5423 0.9 C48H81O18

[M−H] −
C48H82O18 783.4885 [M−(Glu-H2O)−H]− (−1.0),

621.4346 [M−2(Glu-H2O)−H]− (−2.0),
459.3813 [M−3(Glu-H2O)−H]− (−2.5)

Rd

17  8.75 1031.5445 1031.5427 1.8 C51H83O21

[M−H]−
C51H84O21 987.5547 [M−CO2−H]− (1.8), 945.5436

[M−Mal−H]− (1.3), 783.4905
[M−Mal−(Glu-H2O)−H]− (1.0), 621.4376
[M−Mal−2(Glu-H2O)−H]− (1.0),
459.3847 [M−Mal−3(Glu-H2O)−H]−

(−3.1)

Mal-Rd

18 8.76 987.5542 987.5577 −3.5 C50H83O19

[M−CO2−H]−
C51H84O21 945.5436 [M−Mal−H]− (1.3), 783.4905

[M−Mal−(Glu-H2O)−H]− (1.0), 621.4376
[M−Mal−2(Glu-H2O)−H]− (1.0),
459.3847 [M−Mal−3(Glu-H2O)−H]−

(−3.1)

Mal-Rd

19 14.61 765.4791 765.4789 0.2 C42H69O12

[M−H]−
C42H69O12 603.4276 [M−(Glu-H2O)−H]− (1.5) Rg5

20  21.01 698.4167 n.d. n.d.

a n.d.: no decision.
b Rha: ˛-l-rhamnose.
c Glu: ˇ-d-glucose.
d Mal: malonyl.
e Ara(p): ˛-l-arabinopyranose.

i
l
s
e
o
c
p

F
m

f Pen: pentose.
g GlcA: ˇ-d-glucuronic acid.
h Xyl: ˇ-d-xylose.

ndicated the good quality of the OPLS-DA models. The OPLS-DA
oading S-plots were used to statistically obtain the variables that
ignificantly and strongly contributed to the difference between
ach step (Fig. 4d–f) [33]. We  used cutoff values for the covariance

f p [1] < |0.1| and for the correlation of p(corr) [1] < |0.5| to select the
haracteristic metabolic markers at the top or bottom of S-shaped
lots (Tables 4–6).

ig. 3. Principal component analysis (PCA) score plots from four steps: DGE (circle), I-1 (
ean  of three independent experiments.
3.4. Identification of metabolic markers

The development of the UPLC–QTOF/MS system effectively
enabled the elucidation and characterization of the ginsenoside

structures without the laborious process of isolation and purifica-
tion from ginseng [34]. Specifically, the TOF analyzer can provide
an accurate measurement (mass accuracy; <5 ppm) of molecular

quadrangle), I-2 (triangle), and PEG (inverse triangle). Results are expressed as the
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Fig. 4. Orthogonal partial least squares discriminant analysis (OPLS-DA) score plots from four steps: DGE vs. I-1 (a), I-1 vs. I-2 (b), and I-2 vs. PEG (c) and S-plots of DGE vs. I-1
( nd for
m  listed

w
o
f
S
t
M
t
t
c
p
c

t
m
R
m
R
s
c

d),  I-1 vs. I-2 (e), and I-2 vs. PEG (f). Cutoff values for the covariance of p [1] < |0.1| a
arkers. The selected variables are boxed in the S-plot with retention time and are

eight and is useful for determination of the molecular formula
f a ginsenoside [35]. In the study, the accurate mass acquired
rom the QTOF/MS analysis and a dereplication process described in
ection 3.2 were used for the structural elucidation of the uniden-
ified peaks in the MS  chromatograms. Additionally, we performed

S/MS  experiments for determination of the type of aglycone and
he sequence of sugar chains attached to the backbone. The charac-
eristic metabolic markers acquired from the multivariate analysis
ould be identified by interpretation of MS/MS  spectra and com-
arison with the MS  spectral data of ginsenosides in the on-line
hemical database (Scifinder® and Reaxys®).

As shown in Fig. 4d and Table 4, the metabolic markers that con-
ribute the most to the differences between DGE and I-1 were the

ore polar ginsenosides that include three or four sugar chains, i.e.,
b1, Rb2, Rc, Rd, Re, malonyl-ginsenoside Rb1 (mRb1), mRb2, and

Rd  in the S-plot. However, the less polar ginsenosides (except for

h4) were not found as metabolic markers in this step. These results
howed that the amount of these polar ginsenosides significantly
hanged during the production of I-1 from DGE. Experimentally,
 the correlation of p(corr) [1] < |0.5| were used to select the characteristic metabolic
 in Tables 4–6.

I-1 represented a concentrated extract of the more polar gin-
senosides obtained by column chromatography from DGE. When
the markers were extracted by MakerLynx® software, a subset
of the adduct ions or the fragmented ions of a single compound
generated by decarboxylation or deacetylation was  recognized as
different markers. For example, although the ions of m/z  945.5439
at 5.48 min  and m/z 991.5504 at 5.50 min  were characteristic mark-
ers with a significance level of less than 0.05 in the S plot, both
of them could be assigned as Re due to the presence of the same
MS/MS  fragmented ions (799.4847 [M−(Rha-H2O)−H]−, 783.4902
[M−(Glu-H2O)−H]−, 637.4319 [M−(Rha-H2O)−(Glu-H2O)−H]−,
475.3780 [M−(Rha-H2O)−2(Glu-H2O)−H]−). In the study, if the
daughter ions were selected as the markers for ±0.02 min  and
showed the identical MS/MS  fragmentation pattern, they were
assigned as the same compounds. This criterion was  also applied

to the identification of the markers in all steps. Thus, we  could
identify the characteristic metabolic markers between I-1 and I-
2 (Table 5) and between I-2 and PEG (Table 6). Certain metabolic
markers (Rb1, Rb2, Rc, Rd, Re, and compound K) were assigned
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Table  5
Metabolic markers contributing to discrimination between I-1 and I-2.

No. tR Measured mass Theoretical mass �mDa  m/z ion Molecular formula MS/MS  fragmentation ID

1 1.68 503.1758 n.d.a

2 9.68 961.5378 961.5372 0.6 C48H81O19

[M+COOH]−
C47H80O17 915.5322 [M−COOH−H]− (0.5),

783.4894
[M−(pentose-H2O)−H]−

(−0.1), 621.4358 [M−(pentose-
H2O)−(Glub-H2O)−H]− (−0.8),
459.3830 [M−(pentose-
H2O)−2(Glu-H2O)−H]−

(−0.7)

Rd2 or
notogisenoside Fd
or C-Mc1

3  10.48 829.4964 829.4949 1.5 C43H73O15

[M+COOH]−
C42H72O13 783.4913 [M−H]− (1.8),

621.4376 [M−(Glu-H2O)−H]−

(0.6), 459.3838
[M−2(Glu-H2O)−H]− (0.0)

F2

4  10.60 793.4398 793.4374 2.4 C42H65O14

[M−H] −
C42H66O14 613.3755 [M−(Glu-H2O)−H]−

(1.5), 455.3519 [M−(Glu-
H2O)−(GlcAc-H2O)−H]−

(−0.6)

Silphioside G

5  11.01 885.5225 885.5212 1.3 C46H77O16

[M−H] −
C46H78O16 753.4803

[M−(pentose-H2O)−H]− (1.4),
621.4374
[M−2(pentose-H2O)−H]− (0.8),
459.3826 [M−2(pentose-
H2O)−(Glu-H2O)−H]−

(−1.1)

Chikusetsusaponin
LM2

6  11.04 931.5278 931.5266 1.2 C47H79O18

[M+COOH] −
C46H78O16 885.5225 [M−H]− (1.3),

753.4803
[M−(pentose-H2O)−H]− (1.4),
621.4374
[M−2(pentose-H2O)−H]− (0.8),
459.3826 [M−2(pentose-
H2O)−(Glu-H2O)−H]−

(−1.1)

Chikusetsusaponin
LM2

7  11.82 799.4846 799.4844 0.2 C42H71O14

[M+COOH]−
C41H70O12 753.4788 [M−H]− (−0.1),

621.4372
[M−pentose-H2O)−H]− (0.6),
459.3830 [M−(pentose-
H2O)−(Glu-H2O)−H]−

(−1.7)

C-Mc or C-Y or Mx

8  12.18 799.4870 799.4844 2.6 C42H71O14

[M+COOH]−
C41H70O12 753.4806 [M−H]− (1.7),

621.4400
[M−(pentose-H2O)−H]− (3.4),
459.3842 [M−(pentose-
H2O)−(Glu-H2O)−H]−

(0.5)

C-Mc or C-Y or Mx

9  12.19 753.4806 753.4789 1.7 C41H69O12

[M−H]−
C41H70O12 621.4400

[M−(pentose-H2O)−H]− (3.4),
459.3842 [M−(pentose-
H2O)−(Glu-H2O)−H]−

(0.5)

C-Mc or C-Y or Mx

10  12.80 663.4109 663.4108 0.1 C37H59O10

[M+COOH]−
C36H58O8 617.4064 [M−H]− (1.1),

455.3522 [M−(Glu-H2O)−H]−

(−0.3)

Oleanolic acid
28-O-b-glu

11  13.43 595.2882 n.d.
12  14.04 667.4421 667.4427 0.4 C37H63O10

[M+COOH]−
C36H62O8 621.4369 [M−H]− (0.3),

459.3844 [M−(Glu-H2O)−H]−

(0.6)

Compound K

a

b
c
E
t
t
d
s
p
m
n
a
m

n.d: no decision.
b Glu: ˇ-d-glucose.
c GlcA: ˇ-d-glucuronic acid.

y comparing the retention time and the accurate mass with the
ommercial reference compounds (see Supporting information).
xcept for these markers, the other markers could be tenta-
ively assigned using the MS/MS  experimental data as well as
hrough a comparison with the literature values in the on-line
atabase. However, this approach was limited to determining the
tructures of the unknown peaks. The MS/MS  analysis did not
rovide substantial information for sugar chains that have the same

olecular formula—i.e., arabinofuranose (C5H10O5), arabinopyra-

ose (C5H10O5), and xylose (C5H10O5)—or location (C-3 or C-20)
nd only suggested possible candidates. In the second step, twelve
arkers (3 of I-1 > I-2 and 9 of I-1 < I-2) were extracted from the S
plot. Among these, eight ginsenoside markers were collected, along
with non-ginsenoside markers and duplicates. The markers could
be identified as ginsenosides generated by the deglycosylation of
the more polar ginsenosides that contributed to the discrimination
between DGE and I-1. Interestingly, certain markers still included
pentose residues in their structures. Although these data could
not be exactly elucidated due to the lack of information on the
type of pentose, the MS/MS  data showed that the deglycosylation

between I-1 and I-2 selectively occurred at C-3. Ginsenosides with
less than one sugar residue at C-3 and pentose residues at C-20 are
not common in nature, and these compounds were found to have
been artificially generated in the fermentation process [36]. The
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Table 6
Metabolic markers contributing to discrimination between I-2 and PEG.

No. tR Measured mass Theoretical mass �mDa  m/z ion Molecular
formula

MS/MS  fragmentation ID

1 9.68 961.5378 961.5372 0.6 C48H81O19

[M+COOH]−
C47H80O17 915.5322 [M−COOH−H]− (0.5),

783.4894
[M−(pentose-H2O)−H]−

(−0.1), 621.4358 [M−(pentose-
H2O)−(Glua-H2O)−H]− (−0.8),
459.3830 [M−(pentose-
H2O)−2(Glu-H2O)−H]−

(−0.7)

Rd2 or
notogisenoside Fd
or C-Mc1

2  10.48 829.4964 829.4949 1.5 C43H73O15

[M+COOH]−
C42H72O13 783.4913 [M−H]− (1.8),

621.4376 [M−(Glu-H2O)−H]−

(0.6), 459.3838
[M−2(Glu-H2O)−H]− (0.0)

F2

3  10.69 665.4265 665.4265 0.0 C37H61O10

[M+COOH]−
C36H60O8 619.4219 [M−H]− (0.9) Rh4

4  11.04 931.5278 931.5266 1.2 C47H79O18

[M+COOH] −
C46H78O16 885.5225 [M−H]− (1.3),

753.4803
[M−(pentose-H2O)−H]− (1.4),
621.4374
[M−2(pentose-H2O)−H]− (0.8),
459.3826 [M−2(pentose-
H2O)−(Glu-H2O)−H]−

(−1.1)

Chikusetsusaponin
LM2

5  11.82 799.4846 799.4844 0.2 C42H71O14

[M+COOH]−
C41H70O12 753.4788 [M−H]− (−0.1),

621.4372
[M−(pentose-H2O)−H]− (0.6),
459.3830 [M−(pentose-
H2O)−(Glu-H2O)−H]−

(−1.7)

C-Mc or C-Y or Mx

6  12.18 799.4870 799.4844 2.6 C42H71O14

[M+COOH]−
C41H70O12 753.4806 [M−H]− (1.7),

621.4400
[M−(pentose-H2O)−H]− (3.4),
459.3842 [M−(pentose-
H2O)−(Glu-H2O)−H]−

(0.5)

C-Mc or C-Y or Mx

7  12.80 663.4109 663.4108 0.1 C37H59O10

[M+COOH]−
C36H58O8 617.4064 [M−H]− (1.1),

455.3522 [M−(Glu-H2O)−H]−

(−0.3)

Oleanane acid
28-O-ˇ-d-
glucopyranoside

8 13.00 825.4993 825.5000 -0.7 C44H73O14

[M−H]−
C44H74O14 783.4890 [M−COCH3−H]−

(−0.5), 621.4357
[M−COCH3−(Glu-H2O)−H]−
(−0.9), 459.3342
[M−(AcetylGlub-H2O)-(Glu-
H2O)-H]−

(−0.6)

Rs3

9  14.04 667.4421 667.4427 0.4 C37H63O10

[M+COOH]−
C36H62O8 621.4369 [M−H]− (0.3),

459.3844 [M−(Glu-H2O)-H]−

(0.6)

Compound K

10  17.02 807.4893 807.4895 -0.2 C44H71O13

[M−H]−
C44H72O13 765.4787 [M−COCH3−H]−

(−0.2), 603.4257
[M−COCH3−(Glu-H2O)−H]−

(−0.4), 441.3707
[M−(AcetylGlu-H2O)−(Glu-
H2O)−H]−

(−2.6)

Rs4

s
r
(
g
d
g
m
2
�
g
d
r
t
a

a Glu: ˇ-d-glucose.
b AcetylGlu: ˇ-d-6-O-acetyl-glucose.

ugar residues at C-3 may  have been selectively cleaved during the
eaction with enzymes developed by the manufacturers. The peak
961.5372 [M+COOH]−) at 9.68 min  was assumed to be Rd2, noto-
isenoside Fd, or notogisenoside Fe, which were generated by the
ecarboxylation at C-3 from Rb2 or Rc. In the last step, the less polar
insenosides, i.e., Rh4, Rs3, and Rs4, were identified as metabolic
arkers that contributed to the discrimination of PEG from the I-

 located in the top right in the S plot. These compounds had a
20 and �20(22) dehydrated aglycone instead of a free hydroxyl

roup at C-20. In terms of Rs3 and Rs4, these compounds had a ˇ-

-6-O-acetyl-glucose at the end of the sugar chains at C-3. These
esults indicate that the metabolic markers in the final process for
his stage might be produced by deglycosylation and dehydration
t C-20, decarboxylation of the malonylated ginsenosides at C-3,
or acetylation of hydroxyl moiety at C-6 of the end of D-glucose
by acetic acid during the mild acidic hydrolysis. In terms of Ro,
which had an oleanane-type triterpene in DGE, it was assumed
that this compound was subsequently altered to silphioside G, and
further, to oleanane acid 28-O-ˇ-d-glucopyranoside, which might
have resulted from the faster hydrolysis of the sugar chains at C-3
rather than at C-28.

3.5. Metabolic pathway of ginsenosides from DGE to PEG
From the results described above, we  proposed a possible
metabolic pathway for the manufacturing process from DGE to
PEG based on a comparison with the literature (see Suppor-
ting Information) [29,30]. Although DGE and I-1 were not easily
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iscriminated in the PCA plot and with the unaided eye, the more
olar ginsenosides were generated as the metabolic markers in the

 plot of the OPLS-DA analysis. In the next step, the enzyme reaction
sed to produce I-2 from I-1 primarily eliminated the sugar residue
t C-3 or C-20 without the changes of the aglycone (20-hydroxy-
ammar-24-ene type). In the step between I-2 and PEG, the less
olar ginsenosides were mainly generated, as shown in Table 6.
hese results suggested that the terminal sugar residue at C-3 or
-6 might be removed to generate low-molecular-weight ginseno-
ides, i.e., Rh1 and Rh2, which displayed one or two sugar chains in
ild acidic or heat-steaming conditions. The sugar chains at C-20
ere eliminated more easily than those at C-3, and ginsenosides
ith sugar chains at C-20 were not isolated in PEG [29,37]. The

ype of aglycone produced by dehydration at C-20 was  changed
o dammar-20, 24-diene type or dammar-20(22), 24-diene type
rom the 20-hydroxy-dammar-24-ene type [38]. Furthermore, the
glycones of these ginsenosides could be transformed into three
ub-groups of hydrated ginsenosides at C-20, C-25 and C-20 and C-
5. Among these reactions, the addition reaction with the hydroxyl
oiety at C-20 could produce 20R-ginsenosides, i.e., 20R-Rh1, 20R-

h2, 20R-Rg2, and 20R-Rg3, as well as their 20S-isomers. The
0R-ginsenosides have rarely been found in natural crude ginseng
hus far and were assumed to be generated by the addition reaction
fter elimination of the sugar chains at C-20 [30,39].

. Conclusion

About 300 of ginsenosides from ginseng preparation have been
eported so far [40]. The structural diversity of ginsenoside deriva-
ives was resulted from chemical modifications, i.e., hydroxylation,
ehydroxylation, decarboxylation, acetylation and deglycosyla-
ion. A dereplication approach in the study aimed that ginsenosides
s the metabolic markers, which are produced in the intermedi-
te steps and present in a small amount, can be identified by the
hromatographic and spectrometric data of 22 ginsenoside stan-
ards. Further, multivariate analysis of the data matrix acquired
rom a UPLC–QTOF/MS analysis can suggest the metabolic markers
hat contribute to the discrimination of the manufacturing process
rom DGE to PEG and that were assumed to be helpful for qual-
ty control of this ginseng preparation. The chemical profiles and
tructural information for known ginsenosides will be useful not
nly for the prediction of biotransformation and generation during
he manufacturing process but also in a dereplication step for the
elective purification and isolation of desirable ginsenosides from
ther ginseng extract or preparation.

cknowledgements

This research was equally supported by the Global Leading Tech-
ology Program of the Office of Strategic R&D Planning (OSP grant
0039320) funded by the Ministry of Knowledge Economy, Korea.

ppendix A. Supplementary data

Supplementary data associated with this article can be found, in
he online version, at http://dx.doi.org/10.1016/j.jpba.2015.02.034.
eferences

[1] C.I. Coleman, J.H. Hebert, P. Reddy, The effects of Panax ginseng on quality of
life,  J. Clin. Pharm. Ther. 28 (2003) 5–15.

[2] B.K. Vogler, M.H. Pittler, E. Ernst, The efficacy of ginseng. A systematic review
of  randomised clinical trials, Eur. J. Clin. Pharmacol. 55 (1999) 567–575.

[3] A.S. Attele, J.A. Wu,  C.S. Yuan, Ginseng pharmacology: multiple constituents
and multiple actions, Biochem. Pharmacol. 58 (1999) 1685–1693.

[

[

Biomedical Analysis 109 (2015) 91–104 103

[4] Y.Z. Xiang, H.C. Shang, X.M. Gao, B.L. Zhang, A comparison of the ancient use of
ginseng in traditional Chinese medicine with modern pharmacological exper-
iments and clinical trials, Phytother. Res. 22 (2008) 851–858.

[5] J.M. Lu, Q. Yao, C. Chen, Ginseng compounds: an update on their molecular
mechanisms and medical applications, Curr. Vasc. Pharm. 7 (2009) 293–302.

[6] L.P. Christensen, Ginsenosides chemistry, biosynthesis, analysis, and potential
health effects, Adv. Food Nutr. Res. 55 (2009) 1–99.

[7] K.H. Noh, J.W. Son, H.J. Kim, D.K. Oh, Ginsenoside compound K production
from ginseng root extract by a thermostable beta-glycosidase from Sulfolobus
solfataricus,  Biosci. Biotechnol. Biochem. 73 (2009) 316–321.

[8] C.S. Park, M.H. Yoo, K.H. Noh, D.K. Oh, Biotransformation of ginsenosides by
hydrolyzing the sugar moieties of ginsenosides using microbial glycosidases,
Appl. Microbiol. Biotechnol. 87 (2010) 9–19.

[9] W.  Li, Y. Liu, J.W. Zhang, C.Z. Ai, N. Xiang, H.X. Liu, L. Yang, Anti-androgen-
independent prostate cancer effects of ginsenoside metabolites in vitro:
mechanism and possible structure-activity relationship investigation, Arch.
Pharm. Res. 32 (2009) 49–57.

10] I.S. An, S. An, K.J. Kwon, Y.J. Kim, S. Bae, Ginsenoside Rh2 mediates changes in
the  microRNA expression profile of human non-small cell lung cancer A549
cells, Oncol. Rep. 29 (2013) 523–528.

11] L. Jia, Y. Zhao, X.J. Liang, Current evaluation of the millennium phytomedicine-
ginseng (II): collected chemical entities, modern pharmacology, and clinical
applications emanated from traditional Chinese medicine, Curr. Med. Chem.
16 (2009) 2924–2942.

12] K.S. Chung, S.H. Cho, J.S. Shin, D.H. Kim, J.H. Choi, S.Y. Choi, Y.K. Rhee, H.D. Hong,
K.T. Lee, Ginsenoside Rh2 induces cell cycle arrest and differentiation in human
leukemia cells by upregulating TGF-beta expression, Carcinogenesis (2012).

13] J.Y. Lee, K.H. Jung, M.J. Morgan, Y.R. Kang, H.S. Lee, G.B. Koo, S.S. Hong, S.W.
Kwon, Y.S. Kim, Sensitization of TRAIL-induced cell death by 20S-Ginsenoside
Rg3 via CHOP-mediated DR5 upregulation in human hepatocellular carcinoma
cells, Mol. Cancer Ther. (2012).

14] X.Y. Pan, H. Guo, J. Han, F. Hao, Y. An, Y. Xu, Y. Xiaokaiti, Y. Pan, X.J. Li, Ginsenoside
Rg3 attenuates cell migration via inhibition of aquaporin 1 expression in PC-3M
prostate cancer cells, Eur. J. Pharmacol. 683 (2012) 27–34.

15] S.L. Li, H. Shen, L.Y. Zhu, J. Xu, X.B. Jia, H.M. Zhang, G. Lin, H. Cai, B.C. Cai, S.L. Chen,
H.X. Xu, Ultra-high-performance liquid chromatography-quadrupole/time of
flight mass spectrometry based chemical profiling approach to rapidly reveal
chemical transformation of sulfur-fumigated medicinal herbs, a case study on
white ginseng, J. Chromatogr. A 1231 (2012) 31–45.

16] Q. Mao, J. Yang, X.M. Cui, J.J. Li, Y.T. Qi, P.H. Zhang, Q. Wang, Target separa-
tion of a new anti-tumor saponin and metabolic profiling of leaves of Panax
notoginseng by liquid chromatography with eletrospray ionization quadrupole
time-of-flight mass spectrometry, J. Pharm. Biomed. Anal. 59 (2012)
67–77.

17] H.Y. Zhao, J.G. Jiang, Application of chromatography technology in the separa-
tion of active components from nature derived drugs, Mini Rev. Med. Chem. 10
(2010) 1223–1234.

18] H.M. Zhang, S.L. Li, H. Zhang, Y. Wang, Z.L. Zhao, S.L. Chen, H.X. Xu, Holistic
quality evaluation of commercial white and red ginseng using a UPLC–QTOF-
MS/MS-based metabolomics approach, J. Pharm. Biomed. Anal. 62 (2012)
258–273.

19] J.Y. Seo, J.H. Lee, N.W. Kim, E. Her, S.H. Chang, N.Y. Ko, Y.H. Yoo, J.W. Kim,
D.W. Seo, J.W. Han, Y.M. Kim, W.S. Choi, Effect of a fermented ginseng extract,
BST204, on the expression of cyclooxygenase-2 in murine macrophages, Int.
Immunopharmacol. 5 (2005) 929–936.

20] J.Y. Seo, J.H. Lee, N.W. Kim, Y.J. Kim, S.H. Chang, N.Y. Ko, E. Her, Y.H. Yoo, J.W.
Kim, B.Y. Lee, H.Y. Lee, Y.M. Kim, W.S. Choi, Inhibitory effects of a fermented gin-
seng extract, BST204, on the expression of inducible nitric oxide synthase and
nitric oxide production in lipopolysaccharide-activated murine macrophages,
J.  Pharm. Pharmacol. 57 (2005) 911–918.

21] J. Yang, Q. Liang, M.  Wang, C. Jeffries, D. Smithson, Y. Tu, N. Boulos, M.R. Jacob,
A.A. Shelat, Y. Wu,  R.R. Ravu, R. Gilbertson, M.A. Avery, I.A. Khan, L.A. Walker,
R.K. Guy, X.C. Li, UPLC–MS-ELSD-PDA as a powerful dereplication tool to facili-
tate compound identification from small-molecule natural product libraries, J.
Nat.  Prod. 77 (2014) 902–909.

22] B.D. McGarvey, H. Liao, K. Ding, X. Wang, Dereplication of known preg-
nane glycosides and structural characterization of novel pregnanes in
Marsdenia tenacissima by high-performance liquid chromatography and elec-
trospray ionization-tandem mass spectrometry, J. Mass Spectrom. 47 (2012)
687–693.

23] T. Ligor, A. Ludwiczuk, T. Wolski, B. Buszewski, Isolation and determination
of  ginsenosides in American ginseng leaves and root extracts by LC-MS, Anal.
Bioanal. Chem. 383 (2005) 1098–1105.

24] J.N. Choi, J. Kim, M.Y. Lee, D.K. Park, Y.S. Hong, C.H. Lee, Metabolomics revealed
novel isoflavones and optimal cultivation time of Cordyceps militaris fermenta-
tion, J. Agric. Food Chem. 58 (2010) 4258–4267.

25] H. Chen, F. Cui, H. Li, J. Sheng, J. Lv, Metabolic changes during the pu-
erh tea pile-fermentation revealed by a liquid chromatography tandem
mass-spectrometry-based metabolomics approach, J. Food Sci. 78 (2013)
C1665–C1672.

26] H. Yang, G. Yoo, H.S. Kim, J.Y. Kim, S.O. Kim, Y.H. Yoo, S.H. Sung, Implication of

the  stereoisomers of ginsenoside derivatives in the antiproliferative effect of
HSC-T6 cells, J. Agric. Food Chem. 60 (2012) 11759–11764.

27] H. Yang, J.Y. Kim, S.O. Kim, Y.H. Yoo, S.H. Sung, Complete 1H and 13C NMR
spectral analysis of the pairs of 20(S) and 20(R)-ginsenosides, J. Ginseng Res.
38 (2014) 194–202.

http://dx.doi.org/10.1016/j.jpba.2015.02.034
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0250
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0250
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0250
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0250
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0250
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0250
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0250
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0250
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0250
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0250
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0250
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0250
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0250
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0250
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0250
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0250
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0250
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0250
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0250
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0250
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0250
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0250
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0250
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0250
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0255
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0260
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0260
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0260
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0260
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0260
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0260
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0260
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0260
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0260
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0260
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0260
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0260
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0260
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0260
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0260
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0260
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0260
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0260
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0260
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0260
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0265
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0270
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0275
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0275
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0275
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0275
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0275
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0275
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0275
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0275
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0275
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0275
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0275
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0275
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0275
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0275
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0275
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0275
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0275
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0275
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0275
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0280
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0285
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0290
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0295
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0300
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0305
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0310
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0315
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0320
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0325
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0330
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0335
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0340
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0345
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0350
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0355
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0360
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0365
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0370
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0375
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0380


1 l and 

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

04 H. Yang et al. / Journal of Pharmaceutica

28] X. Zhang, F. Song, M.  Cui, Z. Liu, S. Liu, Investigation of the hydrolysis of
ginsenosides by high performance liquid chromatography–electrospray ion-
ization mass spectrometry, Planta Med. 73 (2007) 1225–1229.

29] K.S. Kang, H.Y. Kim, S.H. Baek, H.H. Yoo, J.H. Park, T. Yokozawa, Study on the
hydroxyl radical scavenging activity changes of ginseng and ginsenoside-Rb-2
by  heat processing, Biol. Pharm. Bull. 30 (2007) 724–728.

30] S.L. Li, S.F. Lai, J.Z. Song, C.F. Qiao, X. Liu, Y. Zhou, H. Cai, B.C. Cai, H.X.
Xu,  Decocting-induced chemical transformations and global quality of Du-
Shen-Tang, the decoction of ginseng evaluated by UPLC-Q-TOF–MS/MS based
chemical profiling approach, J. Pharm. Biomed. Anal. 53 (2010) 946–957.

31] R.W. Teng, C. Ang, D. McManus, D. Armstrong, S. Mau, A. Bacic, Regioselective
acylation of ginsenosides by Novozyme 435 to generate molecular diversity,
Helv. Chim. Acta 87 (2004) 1860–1872.

32] B.H. Han, M.H. Park, Y.N. Han, L.K. Woo, U. Sankawa, S. Yahara, O. Tanaka, Degra-
dation of ginseng saponins under mild acidic conditions, Planta Med. 44 (1982)
146–149.

33] Y. Fujimura, K. Kurihara, M.  Ida, R. Kosaka, D. Miura, H. Wariishi, M.
Maeda-Yamamoto, A. Nesumi, T. Saito, T. Kanda, K. Yamada, H. Tachibana,
Metabolomics-driven nutraceutical evaluation of diverse green tea cultivars,
PLoS ONE 6 (2011) e23426.

34] W.  Wu,  F.R. Song, D.J. Guo, J. Mi,  Q.J. Qin, Q. Yu, S.Y. Liu, Mass spectrometry-
based approach in ginseng research: a promising way  to metabolomics, Curr.
Anal. Chem. 8 (2012) 43–66.

35] R.J. Cotter, W.  Griffith, C. Jelinek, Tandem time-of-flight (TOF/TOF) mass spec-
trometry and the curved-field reflectron, J. Chromatogr. B 855 (2007) 2–13.

36] W.Z. Yang, M.  Ye, X. Qiao, C.F. Liu, W.J. Miao, T. Bo, H.Y. Tao, D.A. Guo, A strategy
for  efficient discovery of new natural compounds by integrating orthogonal col-
umn  chromatography and liquid chromatography/mass spectrometry analysis:

its  application in Panax ginseng, Panax quinquefolium and Panax notoginseng
to characterize 437 potential new ginsenosides, Anal. Chim. Acta 739 (2012)
56–66.

37] J.D. Park, Recent studies on the chemical constituents of Korean ginseng (Panax
ginseng C.A. Meyer), Korean J. Ginseng Sci. 20 (1996) 389–415.

[

Biomedical Analysis 109 (2015) 91–104

38] L.W. Qi, C.Z. Wang, C.S. Yuan, Ginsenosides from American ginseng: chemical
and pharmacological diversity, Phytochemistry 72 (2011) 689–699.

39] K.S. Kang, H.Y. Kim, N. Yamabe, T. Yokozawa, Stereospecificity in hydroxyl rad-
ical  scavenging activities of four ginsenosides produced by heat processing,
Bioorg. Med. Chem. Lett. 16 (2006) 5028–5031.

40] R.W. Teng, H.Z. Li, J.T. Chen, D.Z. Wang, Y.N. He, C.R. Yang, Complete assignment
of  H-1 and C-13 NMR  data for nine protopanaxatriol glycosides, Magn. Reson.
Chem. 40 (2002) 483–488.

41] P.Y. Liao, D. Wang, Y.J. Zhang, C.R. Yang, Dammarane-type glycosides from
steamed notoginseng, J. Agric. Food Chem. 56 (2008) 1751–1756.

42] S.R. Ko, K.J. Choi, K. Suzuki, Y. Suzuki, Enzymatic preparation of ginsenosides
Rg(2), Rh-1, and F-1(1)), Chem. Pharm. Bull. 51 (2003) 404–408.

43] J.M. Jia, Z.Q. Wang, L.J. Wu,  Two new acetylated ginsenosides from the roots of
Panax quinquefolium, Chin. Chem. Lett. 19 (2008) 1099–1102.

44] I.H. Park, N.Y. Kim, S.B. Han, J.M. Kim, S.W. Kwon, H.J. Kim, M.K. Park, J.H. Park,
Three new dammarane glycosides from heat processed ginseng, Arch. Pharm.
Res. 25 (2002) 428–432.

45] J.W. Liu, S.J. Tian, J. de Barry, B. Luu, Panaxadiol glycosides that induce neuronal
differentiation in neurosphere stem cells, J. Nat. Prod. 70 (2007) 1329–1334.

46] M.  Yin, X.Y. Wang, M. Wang, Y. Chen, Y.F. Dong, Y.Y. Zhao, X. Feng, A new
triterpenoid saponin and other saponins from Salicornia europaea, Chem. Nat.
Compd. 48 (2012) 258–261.

47] W.  Wang, Y.Q. Zhao, E.R. Rayburn, D.L. Hill, H. Wang, R.W. Zhang, In vitro
anti-cancer activity and structure-activity relationships of natural products
isolated from fruits of Panax ginseng, Cancer Chemother. Pharmacol. 59 (2007)
589–601.

48] N. Baek, D.S. Kim, Y.H. Lee, J.D. Park, S.Y. Jeong, C.B. Lee, S.I. Kim, Complete
assignment of 1H and 13C-NMR signals for (20S) and (20R)-protopanaxadiol by

2D-NMR techniques, Korean J. Ginseng Sci. 19 (1995) 45–50.

49] S. Gebhardt, S. Bihler, M.  Schubert-Zsilavecz, S. Riva, D. Monti, L. Falcone, B.
Danieli, Biocatalytic generation of molecular diversity: modification of gin-
senoside Rb-1 by beta-1,4-galactosyltransferase and Candida antarctica lipase,
part 4, Helv. Chim. Acta 85 (2002) 1943–1959.

http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0385
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0390
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0395
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0400
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0405
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0410
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0415
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0420
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0420
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0420
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0420
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0420
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0420
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0420
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0420
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0420
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0420
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0420
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0420
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0420
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0420
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0420
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0420
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0420
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0420
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0420
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0420
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0420
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0420
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0420
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0420
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0425
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0430
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0435
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0435
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0435
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0435
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0435
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0435
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0435
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0435
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0435
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0435
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0435
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0435
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0435
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0435
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0435
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0435
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0435
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0435
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0435
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0435
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0440
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0445
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0450
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0450
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0450
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0450
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0450
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0450
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0450
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0450
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0450
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0450
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0450
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0450
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0450
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0450
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0450
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0450
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0450
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0450
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0450
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0450
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0450
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0450
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0455
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0455
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0455
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0455
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0455
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0455
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0455
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0455
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0455
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0455
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0455
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0455
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0455
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0455
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0455
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0455
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0455
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0455
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0455
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0455
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0455
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0455
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0455
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0455
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0460
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0465
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0470
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0475
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0480
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0485
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490
http://refhub.elsevier.com/S0731-7085(15)00130-2/sbref0490

	Identification of ginsenoside markers from dry purified extract of Panax ginseng by a dereplication approach and UPLC–QTOF...
	1 Introduction
	2 Material and methods
	2.1 Chemicals
	2.2 Preparation of samples and reference standards
	2.3 UPLC–QTOF/MS analysis
	2.4 Data processing and multivariate statistical analysis

	3 Results and discussion
	3.1 Optimization of the UPLC–QTOF/MS chromatographic conditions
	3.2 Identification and dereplication of the characteristic peaks from PEG
	3.3 Characteristic changes in the chemical profile during the manufacturing process
	3.4 Identification of metabolic markers
	3.5 Metabolic pathway of ginsenosides from DGE to PEG

	4 Conclusion
	Acknowledgements
	Appendix A Supplementary data
	References


