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Abstract

Principal component analysis (PCA) and hierarchical cluster analysis (HCA) are quite useful chemometrics tools
for the data analysis in many fields. In China P.R., Salvia miltiorrhiza Bunge is a traditional medicinal plant. Due
to the unique action of its biologically active compounds in treating cardiovascular disease, S. miltiorrhiza was
planted in many regions as the local economic crop. The roots, which are also called ‘Danshen; were the original
economical products. In this study, PCA and HCA were used to determine the quality of Danshen from two aspects,
namely, agronomic traits and active compounds. PCA revealed that the first principal component cumulatively
accounted for 50.1% of the total variance in the data set, while PC2 and PC3 explained 20.0 and 13.1%, respectively.
The quality descending order of all samples obtained by PCA was as follows: tissue culture lobular Danshen, tissue
culture broad leaf Danshen, short stalk and lobular leaf Danshen, broad leaf Danshen, lobular Danshen, and white
leaf Danshen. Samples were classified into three main groups by HCA. Therefore, based on the provisions in the
Chinese pharmacopoeia about the content of tanshinone ITA, ZD was considered the best line for the farmers. The
research showed that PCA and HCA also could be used in the quality evaluation of medicinal crops.
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1. Introduction

With the development of modern computer techniques,
more and more chemometric tools are being used for
characterisation, and determination of geographic origin,
and quality control has recently become a very active
research area (Patras et al., 2011). Some authors have
attempted to use these tools to monitor or evaluate their
experiments (Aouidi et al., 2012; Kunal and Gopinath
2009). Principal component analysis (PCA) is a multivariate
statistical analysis technique which is often used to
approximate data vectors that have many elements with
a new set of data vectors that has fewer elements, while
retaining most of the variability and information of the
original data (Kara et al., 2007). Hierarchical cluster analysis
(HCA) refers to a set of analytical procedures that reduce

complex multivariate data into smaller subsets or groups.
Namely, it is a process to classify all the data into different
groups and the data in one group can be considered similar
(Leonard and Droege, 2008). PCA and HCA are among the
most popular multivariate exploratory methods allowing
for a relatively simple representation of similarities between
samples on the basis of more-or-less complex analytical
data. Moreover, some authors have used them to try and
obtain a comprehensive understanding of research (Lima
et al., 2010; Patras et al., 2011).

Cardiovascular diseases and their thrombotic complications
are the leading cause of morbidity and mortality in
developed countries and some developing countries.
The World Health Organization indicated that the socio-
economic burden would escalate in the future because
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of an ageing population and increased survival which
produces more chronic cardiovascular patients. Salvia
miltiorrhiza Bunge, a medicinal crop in China PR., belongs
to Salvia Linn and its roots are called ‘Danshen’ in Chinese
pharmacopoeia and are used as a traditional Chinese herbal
medicine. Its curative functions include invigorating and
cooling the blood, removing stagnation, clearing heat in
the heart, reducing carbuncles, and soothing irritability
(China Pharmacopoeia Committee, 2010). The major active
compounds are quinoid diterpenes called tanshinones and
several phenolic acids (Matkowski et al., 2008). According
to modern investigations, the most important and
frequent clinical application of the herb is the treatment of
cardiovascular diseases, including angina pectoris, coronary
artery spasm, myocardial infarction, and others (Cheng
2006). It has been used in numerous finished products, such
as the Danshen dripping pill, either in mono or combined
preparations. Due to its pharmacological importance, it has
also been used in Western medicine (Li et al., 2009; Liu et
al., 2007) and more importantly, the compound Danshen
dropping pill has been through the American Food and
Drug Administration II clinical trial.

In view of current market developments, the demand
for them has increased steadily in recent years (He et
al., 2010; Liu et al., 2011), and the increasingly stringent
quality requirements of S. miltiorrhiza must be adhered
to. However, sometimes only the amounts of effective
ingredients in medicine plants were taken as the targets
to make a quality evaluation (Li et al., 2003, 2008; Shi et al.,
2006). Researchers ignored the fact that the characteristics
of shape, colour, smell, and taste should also be considered,
because they are closely related to the quality of a medicine
crop (Wan, 2007). Wang et al. (2007) indicated that in
the quality evaluation of a medicinal crop, the exclusive
use of active compounds or target compounds contents
as referenced is not reliable. Thus, in the present study,
PCA and HCA were used to gain insights into the quality
of S. miltiorrhiza based on agronomic traits and active
compounds for the better development of the medicinal
crop.

2. Materials and methods
Plant materials, instrumentation, and reagents

Materials that were included in the study, long stalk and
broad leaf Danshen (Gaogan Daye; GD), short stalk and
lobular leaf Danshen (Aigan Daye; AD), lobular Danshen
(Xiaoye; XY), tissue culture broad leaf Danshen (Zupei
Daye; ZD), tissue culture lobular Danshen (Zupei Xiaoye;
ZX) and white leaf Danshen (Baiye; BY), were authenticated
by Professor Yonghong Zhou of Triticeae Research Institute,
Sichuan Agricultural University. All materials were planted
in Zhongjiang County, Sichuan Province in China P.R. which
is regarded as a genuine production area for S. miltiorrhiza

and has been a planting site for centuries for this local
economical crop. Meanwhile, tissue culture broad leaf
Danshen (ZD) and tissue culture lobular Danshen (ZX)
were propagated by tissue culture of short stalk and broad
leaf Danshen (AD) and lobular Danshen (XY), respectively,
and then also planted in Zhongjiang County. They were
planted in April 2011, and harvested in January 2012.
The cultivation management of materials was conducted
according to the standardisation technical regulation for
S. miltiorrhiza in Zhongjiang County.

A Shimadzu LC-10AVP high-performance liquid
chromatography (HPLC) system (Shimadzu Technologies,
Kyoto, Japan) equipped with online vacuum degasser, binary
pump, autosampler, thermostated column compartment,
and an ultraviolet detector, and Shimadzu Technologies
Chemstation software for LC (1.24 SP1) were used.
HPLC separation was performed on a Phenomenex
Shim-pack-C18 column (5 pm, 250 mm x 4.60 mm i.d.;
Phenomenex, Torrance, CA, USA).

Authentic standards of tanshinone ITA (TS-ITIA) and
salvianolic acid B (SA-B) were purchased from the National
Institute for Control of Pharmaceuticals and Biological
Products (Beijing, China PR.). HPLC-grade acetonitrile and
methanol were purchased from Fisher Scientific (Pittsburgh,
NJ, USA). Deionised water was purified by Milli-Q system
(Millipore, Bedford, MA, USA). All the other chemicals,
reagents, and solvents used were of analytical grade.

Investigation of agronomic traits

After harvest, 20 plants of each line were selected randomly;
their roots were dried in the shade and the skin colour
(SKC), section colour (SC), and lignification level (LF) were
described according to the standards presented in Table 1.

At the same time, 20 plants of each line were selected
randomly and weighed respectively. The fresh roots were
classified by diameter (<1 cm and >1 cm) (Shu et al., 2007;

Table 1. Assignment standards of skin colour (SKC), section
colour (SC) and lignification level (LF).

Variables Characteristic Value
SKC Bright red 15
SKC Dark red or brown red 10
SKC Others 5
SC Purple-brown 15
SC Incanus or yellowish-white 10
SC Others 5
LF No 15
ILIF Sporadic 10
LF Yes 5
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Zhang et al., 2002). The same class of each line was mixed,
dried in the shade, and then the dry weight was taken. The
average fresh weight per plant (FW), average dry weight per
plant (DW), average drying rate per plant (DR), and average
superior rate per plant (SR) of each line were calculated
based on Equations 1-4.

FW = total yield of fresh roots/20 (1)
DW = total yield of dried roots/20 (2)

DR = total yield of dried roots/total yield of fresh roots
(3)

SR = the yield of dried roots (diameter >1 cm)/total yield
of dried roots (4)

Quantitative analysis of active compounds

The extracted method was used that is described in China
Pharmacopoeia Committee (2010). The dried roots of the
six lines of S. miltiorrhiza were comminuted and passed
through 60-mesh sieves. After accurately weighing 0.3 g of
the sample powder, samples for detection of TS-IIA were
refluxed for 1 h with methanol as solvent, respectively.
Methanol contributed to the final volume. Meanwhile,
samples for detection of SA-B were extracted for 4 h with
deionised water as solvent using the method of reflux
extraction, respectively. Deionised water was added to the
final volume. The final sample solutions were all filtered
through a membrane (0.45 pm), and then 10 pl of each
sample was injected into the HPLC system.

The chromatographic condition of TS-IIA: the mobile
phase included a mixture of methanol and deionised water
(75:25). The chromatographic separation was carried out
using an isocratic elution. The flow rate was kept at 1.0
ml/min. Column temperature was maintained at 40 °C.
The sample injection volume was 10 ul and the detection
wavelength was set at 270 nm.

The chromatographic condition of SA-B: the mobile phase
was a mixture of methanol, acetonitrile, formic acid and
deionised water (30:10:1:59). Chromatographic separation
was carried out using an isocratic elution. The flow rate was
kept at 1.0 ml/min. Column temperature was maintained
at 25 °C. The sample injection volume was 10 pl and the
detection wavelength was set at 288 nm.

Data analysis

PCA is a data visualisation method that is useful for
observing groupings within multivariate data (Dharmara et
al., 2006) by reducing the dimensionality of the multivariate
problem. The first process is to transform the original
variables into a number of new and uncorrelated variables

The use of PCA and HCA in quality evaluatio

called principal components (PCs) (Mebatsion et al., 2012).
Each principal component describes a percentage of the
total variance of a data set and elaborates loadings or
weights that each variable contributes to this variance.
The coefficients of the principal components quantify
the loading or weight of each variable to that amount of
variance (Kara et al., 2007). In this paper, the use of PCA
for the quality of six lines of S. miltiorrhiza was explained.

HCA calculates the distances (or correlation) between all
samples using a defined metric such as Euclidean distance
or Manhattan distance (Berrueta et al., 2007). All data were
analysed by PCA and HCA using the software IBM SPSS
Statistics version 19 (New York, NY, USA).

3. Results and discussion
Values of agronomic traits and active compounds

Agronomic traits and active compounds were considered
to evaluate the quality of the six lines of S. miltiorrhiza.
The values for them are shown in Table 2 and 3.

However, it is generally acknowledged that samples have
different characteristics that make them suitable for
various applications. The one with bright red skin colour,
purple-brown section colour, and no lignifications is fit
for traditional Chinese crude medicine. It is considered to
have the best quality (China Pharmacopoeia Committee,
2010). The results (Table 2) indicated that ZX, ZD, GD,
and AD were the best in skin colour, section colour and
lignification level, whereas BY, which was greyish-white in
colour and full of lignifications, was the worst. In addition,
XY was also full of lignifications.

In Table 3, we found that ZX had the highest fresh weight
(485.0 g/plant), dry weight (110.8 g/plant), and superior rate
(42.0%), but the drying rate (22.8%) was lower than that of
7D, which had the highest drying rate (27.7%). Meanwhile,
BY had the lowest fresh weight (237.5 g/plant) and superior
rate (16.0%). The dry weight (49.00 g/plant) and drying rate
(14.9%) of GD were the lowest. The fresh weight of XY, GD,

Table 2. Observed results of skin colour (SKC), section colour
(SC) and lignification level (LF) of different Salvia miltiorrhiza
lines.

Lines SKC SC LF
Zupei Xiaoye Bright red Purple-brown No
Xiaoye Bright red Purple-brown Yes
Zupei Daye Bright red Purple-brown No
Baiye Yellowish-white Yellowish-white Yes
Gaogan Daye Bright red Purple-brown No
Aigan Daye Bright red Purple-brown No
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Table 3. Values of agronomic traits and active compounds of different Salvia miltiorrhiza lines.!

Lines2  SKC SC LF FW (g/plant) DW (g/plant)
ZX 15 15 15 485.01£1.12 110.81+0.21
XY 15 15 5 311.50+0.54 53.80+0.07
ZD 15 15 15 372.51+£1.20 103.01£0.11
BY 5 10 5 237.52+0.91 55.10+0.97
GD 15 15 15 329.02+1.63 49.00+0.23
AD 15 15 15 308.53+0.72 74.00+0.87

DR (%) SR (%) TS-IA (mglg)  SA-B (mglg)
2280032 42124067  1.732:0021  77.93+0.076
17312012 4001098  3.035£0.097  119.7+0.121
27724008 36.04£012  2233:0076  116.0+0.094
23213032 1601007  1405:0.089  89.69x0.007
14.92+016  33.02¢051  2735+0.044  106.4+0.011
2401+006 3803019  3.896:0.056  125.0+0.024

1 DR = drying rate; DW = dry weight; FW = fresh weight; LF = lignification level; SA-B = salvianolic acid B; SC = section colour; SKC = skin colour; SR

= superior rate; TS-1IA = tanshinone IIA.

2 AD = Aigan Daye; BY = Baiye; GD = Gaogan Daye; XY = Xiaoye; ZD = Zupei Daye; ZX = Zupei Xiaoye.

and AD were 311.5, 329.0, and 308.5 g/plant, respectively,
which showed an insignificant difference, but they were
all lower than that of ZD (372.5 g/plant) and ZX (485.0
g/plant).

At the same time, the data indicated that the fresh weight
and drying weight of ZX were 55.7 and 105.9%, respectively,
higher than those of XY. The drying rate of ZX was 31.8%
higher than that of XY. The difference between ZX and XY
in terms of superior rate was not obvious compared with
the differences in fresh weight, drying weight, and drying
rate. The fresh weight of ZD was 13.2 and 20.7% higher
than that of GD and AD, respectively. The drying weight
of ZD was 110.2 and 39.2% higher than that of GD and
AD, respectively. The drying rates of ZD were 85.9 and
15.4% higher than those of GD and AD, respectively. The
difference among ZD, GD, and AD in superior rate was
not obvious compared with the differences in fresh weight,
drying weight, and drying rate. The results showed that the
lines obtained by tissue cultures were successful in terms
of the agronomic traits that have significant economic
values for farmers.

Moreover, the current Chinese pharmacopoeia requires the
amount of SA-B and TS-IIA in Danshen to exceed 30 and
2 mg/g, respectively (China Pharmacopoeia Committee,
2010). The results (Table 3) indicated that all lines except
ZX and BY have the required amount of TS-IIA, values
ranging from 1.405 to 3.896 mg/g. TS-IIA content decreased
in the following order: AD>XY>GD>ZD>ZX>BY. The
amount of SA-B of all samples were according the provisions
of China Pharmacopoeia Committee (2010)and the values
ranged from 77.93 to 119.7 mg/g. SA-B content decreased
in the following order: AD>XY>ZD>GD>BY>ZX. But, the
higher levels of effective component do not necessarily
equate to a better quality of sample. So, PCA and HCA
were performed to gain an overview of the similarities
and differences among the six lines S. miltiorrhiza and to
investigate the quality of them.

Principal component analysis

PCA was applied to the raw adsorption data given in Table
3 to view the relationship between the studied samples and
variables, and the influence on quality of samples taken
by variables. Before analysis, the data were normalised as
mentioned earlier. PCA for variables indicated that the first
principal component (PC1) explained 50.1% of the total
variance in the data set while PC2 and PC3 explained 20.0
and 13.1%, respectively. PC1 had a loading of 0.966 to SKC
and SC, and a loading of 0.945 to SR. PC2 had a loading of
0.776 to DW, and PC3 had a loading of 0.805 to DR. The
loading plots for sample and variables are shown in Figure
1A, B and C and a number of observations may be made.

Firstly, Figure 1A revealed that ZX and ZD were loaded in
the upper part of the plot, i.e. the two lines had a positive
score on PC2; while GD, BY, AD and XY were loaded in the
lower part of the PC2 zero part, i.e. they had a negative score
on PC2. The locations of ZX and ZD may be explained by
their high FW and DW values (Table 3). Interestingly, ZX
was located some distance away from the others, indicating
that its composition differs from the other samples, at least
in terms of some of the analytes measured. The reason may
be its lower values of TS-IIA and SA-B (Table 3) which
were co-located in this region of the PC space (Figure 1B).
The close distance between XY and AD may be caused by
the high values of TS-IIA and SA-B (Table 3). Figures 1B
and 1C illustrate the relationships between the parameters
studied in the present work. SC and SKC were overlapped
on the plots, which indicated they were highly correlated
as shown in Table 4. Moreover, DR, DW, FW and LF were
located on the upper right-hand quadrant of Figure 1B, with
the exception of SR, SC, SKC, TS-IIA and SA-B. FW, DW
and DR were found in opposition to TS-IIA and SA-B as
evidenced by their Pearson correlation coefficients (Table 4).
In Figure 1C, DR, TS-IIA, SA-B, DW and LF were located
on the upper right-hand quadrant, but, SR, SC, SKC and
FW were situated on the lower right-hand quadrant. More
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Figure 1. Principal component analysis (PCA) plots. (A) Loading plot for samples. (B) PCA loading plot for different variables on
PC1 and PC2. (C) Loading plots for different variables on PC1 and PC3. (D) Loading plots for different variables on PC2 and PC3.

observations were quite apparent from Figures 1B and 1C.
SCK, SCand SR are clustered together on the bottom right-
hand side of the plots, as SCK, SC and SR were significantly
correlated (Table 4). In addition, DR was removed from
the others, which may be explained by the result in Table
4 showing that DR has a negative correlation with SKC,
SC and SR.

To understand more about the relationship between the
different variables, the loading plot about PC2 and PC3
was illustrated (Figure 1D). The locations of indexes which
represent agronomic traits were not clustered together.
The phenomenon may indicate that the investigation
indexes were independent and influence each other, and
importantly, they all influenced the quality of samples. The
quality descending order of all samples obtained by PCA
was as follows: ZX, ZD, AD, GD, XY, and BY.

Hierarchical cluster analysis

In hierarchical cluster analysis, samples were grouped based
on similarities, without considering the information on
class membership. It was interesting to observe what kind
of classifications can be made solely on the basis of distances
(Patras et al., 2011). Following HCA, the results obtained
were shown in the form of a dendrogram (Figure 2) in
which three defined clusters were visible at 10 distances.
The first cluster (A) was composed of ZX and ZD. The
second cluster (B) included GD, AD and XY. It is important
to note that, in cluster B, GD and AD was clustered first,
and then clustered with XY; this may be explained by XY’s
lower value of LF. And the result was in accordance with
the PCA showing that the distance between XY and AD is
small. The third cluster (C) consisted of BY alone, which
may be the reason for the low values in SKC, SC, LE, FW,
SR, TS-IIA and SA-B.

Moreover, cluster A and cluster B were well separated
due to variations in the values of FW, DW, and TS-IIA.
And FW and DW were at a close distance in Figure 1C.
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Table 4. Inter-correlation of analysed parameters of Salvia miltiorrhiza.

Variable!  SKC SC LF FW
SKC 1.000

SC 1.000** 1.000

LF 0.632 0.632 1.000

FW 0.608 0.61 0.617 1.000
DW 0.351 0.351 0.574 0.82*
DR -0.162 -0.162 0.231 0.168
SR 0.944** 0.944* 0.506 0.710
TS-IIA 0.592 0.592 0.243 -0.184
SA-B 0.427 0.427 0.046 -0.400

DW DR SR TS-IA SA-B
1.000
0.708 1.000
0.472 -0.075 1.000

-0.263 -0.226 0.502 1.000

-0.292 -0.034 0.284 0.841* 1.000

* Significant at P<0.05; ** significant at P<0.01.

DR = drying rate; DW = dry weight; FW = fresh weight; LF = lignification level; SA-B = salvianolic acid B; SC = section colour; SKC = skin colour; SR

= superior rate; TS-1IA = tanshinone IIA.

Moreover, it was interesting to compare the dendrogram
with the loading plot in Figure 1A. In both of these figures,
ZD and ZX were in one cluster. And in HCA, the other
four lines were also separated which differed from PCA.
But, in other words, the HCA and the PCA visualisations
could not produce opposite conclusions. Maybe, the HCA
could capture chemical similarities more efficiently from
a visual perspective than the PCA (Patras et al., 2011), but
PCA supplied more information about the interaction of
the considered variables.

Rescaled distance cluster combine

ZX :
ZD J

GD

AD

XY

BY

Figure 2. Dendrogram of hierarchical cluster analysis for
samples. AD = Aigan Daye; BY = Baiye; GD = Gaogan Daye;
XY = Xiaoye; ZD = Zupei Daye; ZX = Zupei Xiaoye.

4. Conclusions

Considerable variations were observed among the six lines
in terms of agronomic traits and active compounds. The
quality ranking orders obtained by PCA for the samples
were: ZX, ZD, AD, GD, XY, and BY. HCA clustered the
samples into three groups. In detail, ZX and ZD which were
clustered into one group were at relatively higher levels of
SKC, SC, FW and DW. The second cluster GD, AD and
XY had high contents of TS-IIA and SA-B. In addition,
BY which was in one group only had lower levels of SKC,
SC, FW and TS-IIA. So, based on the provisions in CPA
about the content of TS-IIA, ZD was considered the best
line for the farmers.

Moreover, the application of PCA and HCA has
accomplished a careful evaluation of the identified variables
in which their strong and weak points were detected. This
is the first report documenting the use of PCA and HCA
to conduct the quality evaluation of Danshen (the root of
S. miltiorrhiza) based on its agronomic traits and active
compounds. The information contributed by this study
would be useful for the further quality evaluation of other
medicinal crops using PCA and HCA.
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