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ABSTRACT

In the present study, trace elements including Na, Mg, K, Ca, Mn, Fe, Cu, Zn, Cd and Pb in Althaea rosea seeds
were determined by flame and graphite furnace atomic absorption spectrometry. This method coupled with
microwave-assisted acid digestion, based on a mixture of nitric acid and hydrogen peroxide. In order to get a better
insight into the elemental patterns, the chemometric techniques of principal component analysis (PCA), and cluster
analysis (CA) were used for the classification studies. Three groups classified by PCA and CA were attributed partly
to Althaea rosea seeds from ten different production areas of Xinjiang. The average concentrations of the
determined elements (expressed as ug/g) were as follows: 124.539 for Na, 2984.901 for Mg, 14689.265 for K,
391.675 for Ca, 35.556 for Mn, 1036.345 for Fe, 58.058 for Cu, 70.264 for Zn, 3.576 for Cd and 0.011 for Pb.
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INTRODUCTION

Althaea rosea seeds as an herbaceous perennial plant belongithg thlalvaceae, is a well known ornament herb
widely distributed in Sichuan, Xinjiang, Shangh#iangsu, and Fujian region of China [1]. The plemtnmonly
known as hollyhock can be found in woodlands, eatéd beds, sunny edges and grows best in medidibe;fe
moist, but well-drained soil [2]. The medicinal fsapf A. rosea include flowers, roots, and seeds. Therosea
seeds has been used not only as an expectoramdntodiuretic, anti-inflammatory, febrifuge, deroent, and
astringent agent, but also used to treat kidneywedis inflammation by Uyghur physicians [3]. Aepious study
of Dudek et al (2006) investigated that the phenaliids distributed in the methanolic and metharatjueous
extracts of whole flowers, petals and calyxesAofosea seeds [4]. The study showed that seven phenoli@saci
including cinnamic (ferulic, p-coumaric, caffeichenzoic (phydroxybenzoic, vanillic, syringic) acidmd
p-hydroxyphenylacetic acid. Raknimov and Mezthlumyaund that the sugars isolated from the plannhstand
roots included arabinose, galactose, rhamnoseoseydnd galacturonic acid [5]. There have severdae@no acids
including valine, threaonine, methionine, isoleegiheucine, lysine, phenylalanine, histidine andirane were
found inA. rosea stems and roots. Li Yinpin et al used by the mgtbbmicrowave-assisted digestion Afrosea
surveyed eight trace elements (Fe, Cu, Zn, Mn, K04, and Mg) which are 24.38, 0.0165, 0.179526,9.8.5,
0.0044, 65.84 and 287.17 mg/g, respectively [6krfRaov DA and Mezthlumyan LG investigated that setmce
elements (Pb, Cd , Cu, Zn, Sn, Cr, and Fe) irstems were 30.1, 0.67 , 30.0, 93.6, 23.1, 196d01&6.0 mg/kg,
while, in the roots were 26.1, 0.83, 24.2, 37.8.51 200.5 , and 790 mg/kg, respectively [7].

The diverse applications @f. rosea in herbal compound prescription have created éstein this topic which it is
important to determine whether they are safe farsamption [8]. Determination of trace elements playcrucial
role in the general state of health of a populatibime implementation of this measure can providedgquality
control of medicinal herbs in order to protect ammers from contamination [9]. The unique climatel awil
conditions are important factors for the differemda trace element content from different producergas.
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According to the content of trace elements diffeemncan reflecting environment condition in specifiea, and
have great significance for soil environmental @uakvolution research, and reasonable developnaemt
utilization of land resources [10]. Previous reshas shown that the fruits grown at the roadsidakited by
vehicle emissions, industrial waste and unconttofi@ctory emissions or possible sources of the yheaaetal
pollution have high content of mineral and heavytaheontents [11]. Therefore, various analyticaltmels are
used to determine trace elements in plant matstah as atomic absorption spectrometry (AAS), itidaty
coupled plasma-mass spectrometry (ICP-MS), indabtivcoupled plasma-atomic emission spectrometry
(ICP-AES), electrochemical methods, neutron adtvaanalysis and total reflection X-ray fluoresceri¢2,13].
Currently, it is necessary to establish a methoéthvkan rapidly and accurately distinguishrosea seeds from
different producing areas for assurance of quatbtytrol.

The objective of this study was to determine taadrelements namely K, Ca, Na, Mg, Ca, Cu, Fe,Gdh,and Pb
in A. rosea seeds from ten different producing areas by thihoteof AAS coupled with microwave digestion. AAS
method with the advantages of low cost, rapid aiglgnd wide linear range, low detection limit amhultaneous
determination has been widely used. The relatignbbtween the trace elementsfofrosea seeds was using the
chemometric techniques such as principal compaaaat/sis (PCA) and cluster analysis (CA).

EXPERIMENTAL SECTION

I nstrumentation

An AAS instrument (Z-2000, Hitachi Co. Ltd., Japavgs used for the determination of K, Ca, Na, Ma, Cu, Fe,
Mn, Cd, and Pb. A Multiwave WX-4000 microwave systéShanghai EU Analytical Instrument Co Ltd, China)
was used for sample preparation. The ultrapure dex@d water obtained from a Milli-Q water purifigat system
(Millipore, Bedford, MA, USA) was used for prepagithe solutions and for all dilutions.

Reagents and solutions

Standard stock solutions with a concentration @0lthg-: * of individual metal elements were used to prepéned
dilution using a 1% (v/v) nitric acid solution sujgol by the National Research Centre for CertifiRelference
Material of China. For sample digestion, analytioahgent grade concentrated nitric acid (70%) aydidgen

peroxide (30-32%) was used. The plastic/glass auentmwere cleaned by soaking in10% v/v HN@r at least 24 h
and rinsing with distilled water before use. Alechicals used were of analytical grade.

Sample digestion

A total of 10 samples oA. rosea seeds were obtained from different production su@aXinjiang (Table 1). All
samples were stored in the Traditional Chinese MeeiEthnical Herbs Specimen Museum of Xinjiang Mab
University. The plant materials were identified Ygnghe Li, a chief apothecary of the Chinese Medidiospital
of Xinjiang. A. rosea seeds were dried in an electric blast drying oweder 60 °C, pulverized by a disintegrator,
and screened through a 40 mesh sieve. All powdeples were stored at 4 °C until use.

Tablel Thelist of A. rosea seeds samples.

Sample number Sour ce
Al Xinjiang Uygur Pharmaceutical Co. Ltd.
A2 Erdaogiao Uighur Hospital
A3 Xinjiang QiKang Habo Uygur medicine Co. Ltd.
A4 Xinjiang QiKang Habo Uygur medicine Co. Ltd.
A5 Moyu County, Hetian Prefecture
A6 Moyu County, Hetian Prefecture
A7 Moyu County, Hetian Prefecture
A8 Kashi
A9 Jimusaer County, Changji Hui Autonomous Prefecture
A10 Jimusaer County, Changji Hui Autonomous Prefecture

In order to reduce digestion time, a microwavesiedi digestion procedure was used for Aallrosea seeds.
Accurately weighed 200 mg dried powdered samplgipficate was added to PTFE digestion vessel doinig 10
mL concentrated HNQand 1mL HO, and was kept at room temperature for 10 min. Therawave digestion
vessel was kept in the microwave oven by two-stegnam and set for the method as follows: (1) 40atW0 °C
for 2 min, (2) 400 W at 120 °C for 8 min. After dimgy, the resulting solutions were separated wihtdfugation at
4000 rpm for 5min. The supernatant were transfeméol a volumetric flask and diluted to 50 mL wittouble
distilled water for determination of trace elemédmysAAS. The blank experiments were carried othasame way.
The determination of Na, Mg, K, Ca, Mn, Fe, Cu and was performed with a flame atomic absorption
spectrometry (FAAS) and the contents of Cd and Rl performed with a graphite furnace atomic abswrpt
spectrometry (GFAAS).
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RESULTSAND DISCUSSION

The average results (concentration + RSD%) of telements obtained for ten samples using AAS apsvshn
Table 2. The relative standard deviations (RSD%} Vess than 10% for all investigated elements. Resid
regression analyses and the calculated correlatefficients (R) are listed in Table 3. Using the data in Table 2,
the relationship between the trace elementé.inosea seeds was classified using cluster analysis aimtipal
component analysis.

Table 2 Total element contents of A. rosea seeds (ng/g).

No Na Mg K Ca Mn
Al 44.15+3.93 2604.21+0.59 16864.41+0.45 67.46+4.33 .66%3.50
A2 157.23+0.84  3830.17+1.02 10367.23%0.49 514.94+0.&3.97+0.67
A3 118.2740.06  2571.94+1.34 15932.20+0.24 194.11+1.41.33+7.58
A4 149.15+2.12  3346.24+1.39 15423.73+0.60 607.82+2.6%.58+7.34
A5  167.68+1.66 2765.52+2.28 9604.52+0.74  405.18+1.94.55#41.06
A6  124.44+1.96 2765.52+0.45 15790.96+0.25 599.38+1.4(3.07+8.17
A7 124.44+1.73  3894.70+1.94 14802.26+0.41 590.93+1.511.24+3.71
A8  127.77+0.99 3281.71+1.06 18305.0840.21 455.84+2.6%5.91+6.16
A9  107.34+1.27 2410.63+2.19 15310.73+0.49 109.68+2.148.83+3.48
A10 124.92+155 2378.37+2.50 14491.53+0.33 371.41+2.286.42+4.00
No. Fe Cu Zn Cd Pb
Al  661.93+0.84 58.51+2.83 52.6340.10 3.86+2.43 0.0a#0.
A2  2159.59+1.57 58.51+4.42 86.8410.89 3.23+8.11 0.08x1
A3  497.05+2.77 72.01+2.93 80.26+0.69 1.36+2.98 0
A4 806.20+1.52 58.51+4.22 92.11+0.83 5.11+3.34 -
A5  2310.73+0.48 67.51+4.11 41.45+0.80 3.23+2.74 0.08%0
A6  552.01+2.02 58.51+6.31 33.55+1.43 3.44+2.23 0.0822.
A7  483.31+3.17 54.01+0.41 79.61+0.36 - -
A8  442.09+1.72 45.00+1.12 91.45+0.27 8.23+1.23 -
A9  977.95+1.18 58.51+1.64 53.95+0.55 3.65+1.40 0.01#1.
A10 1472.59+1.32 49.50+10.69 90.7940.78 3.65+3.37 008533

Table 3 Satistical resultsof linear regresson equation analysisin the determination of the ten elements

Element Linear range(ug/ml)  Calibration curve  Regression coefficient (R?)
Na 0.05-0.8 Y=0.5262X+0.0061 0.9994
Mg 0.01-04 Y=0.5166+0.00628 0.9997

K 0.2-1.0 Y=0.5900X+0.0490 0.9991
Ca 0.2-20 Y=0.0296X+0.0240 0.9991
Mn 0.01-0.6 Y=0.2306X +0.0014 0.9998
Fe 0.4-12 Y=0.0364X +0.0137 0.9996
Cu 0.1-8 Y=0.1111X+0.0090 0.9992
Zn 0.1-0.6 Y=0.3800X+0.0090 0.9997
Cd 0.00125-0.05 Y=0.0012X+0.0025 0.9998
Pb 0.1-80 Y=0.2981X +0.0037 0.9994

Correlation analysis

Correlation coefficient, also known as “r’, a measaf the strength and direction of the lineartiefeship between
two variables that is defined as the (sample) damae of the variables divided by the product aitfisample)
standard deviations. The correlation coefficiendsm cange from -1 to +1 and is independent of this uof
measurement. If this coefficient is close to O d¢adé that there is a very weak or perhaps everlatian between
the two variables; whereas a value near +1 ordit@tes a high level of correlation. The correlatamalysis of ten
element contents is presented in Table 4. Coroslaginalysis of total trace elements Anrosea seeds shows
moderate to strong correlations in ten producticgas. According to Table 4, sodium is positivelyretated with
all elements except potassium. Potassium, zinccaddnium are moderately correlated with each otheereas
there is not a significant correlation for thesalgres with other metals. The correlation coeffitigalues of trace
element contents higher than 0.5 were used forirtte¥pretation of the correlation analysis. Intetption of
correlation analyses enabled the groupings beldvetobtained:

Group 1: Na, Mn, Fe, Cu, Pb
Group 2: Mg, Ca, Zn
Group 3: K, Zn, Cd

The first group including Na, Mn, Fe, Cu, Pb haveeay high correlations coefficient between these trace
element, such as 0.965 for Mn and Fe; 0.908 foralth Pb and 0.943 for Fe and Pb.
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Table4 Correlation matrix for the element concentrationsin plants

Element Na Mg K Ca Mn Fe Cu Zn Cd Pb

Na 1
Mg 0.411 1
K -0.63 -0.21 1

Ca 0.68 0.689 -0.22 1

Mn 0.539 0.198 -0.94 0.093 1

Fe 0.554 0.041 -0.92 0.072 0.965 1

Cu 0.108 -026 -04 -029 03 0.219 1

Zn 0.226 0442 0.16 0.24 -0.08 -0.08 -0.4 1

Cd 0.025 -0.07 0.352 0.042 -0.11 -0.06 -0.53 0.185 1

Pb 0.357 -0.08 -0.85 -0.01 0.908 0.943 0.166 -0.27 -0.07 1

Principal component analysis

Principal component analysis (PCA) provides infaioraon the most meaningful parameters that uségmgonal
transformation to convert a set of observationpagsibly correlated variables into a set of valaédinearly
uncorrelated variables called principal compond®€s). Therefore, PC1 usually accounts for as nufcthe
variability in the data as possible from the or@idata and each succeeding component accouns fmuah of the
remaining variability as possible. As mentionedvpasly, the first principal component has the &sigpossible
variance, and each succeeding component in turrtheabkighest variance possible under the constthattit is
orthogonal to the preceding components. Thus, déf dhta is plotted into the different PC spaces tive data
structure which encloses different clusters maypsirbe detected or verified.

Theloadings The scores
Element PC1 PC2 PC3 Plant PC1 PC2 PC3
Na 0.671 0.529 -0.119 A1 -0.867 -1.385 0.572
Mg 0.203 0.79 -0.327 A2 1.716 0.788 0.170
K -0.989 0.044 0.105 A3 -0.515 -0.887 -1.336
Ca 0.244 0.811 -0.253 A4 -0.275 1.128 -0.283
Mn 0.964 -0.041 0.151 A5 1.861 -0.732 0.121
Fe 0.951 -0.071 0.271 A6 -0.318 -0.210 -0.448
Cu 0.351 -0.591 -0.544 A7 -0.339 0961 -1.769
Zn -0.133 0.679 0.074 A8 -1.074 1.335 1.427
Cd -0.232 0.309 0.808 A9 -0.330 -1.055 0.453
Pb 0.882 -0.22 0.337 A10 0.141 0.057 1.093

The results for the ten elements in the ten sampleyzed were evaluated by PCA using the SPSS 19.0

programmer. The principal components with eigeneslboigher than 1 were extracted. The loadings ebtiginal

variables on the first three principal componentd ¢éhe variances explained by each principal corapbrare
shown in Figure 1. The first three components actfar 82.211% of variances for all of the datauking the first

component accounted for 43.358%, the second fd@4256, the third for 13.610%. Table 3 also gives ghere

values for each principal component farrosea seeds from ten different production areas of Ximj. From the
scores on the first principal component it canriderpreted that the concentrations of Na, K, MnaRe Pb on the
first principal component loadings are higher f& @and A5 than the other plants and are lower for A2 and A8

than the other plants. When the second principalpament is interpreted, Mg, Ca and Zn concentratame higher
for A2, A4, A7 and A8 and are lower for Al, A3, Afhd A9 than for the other plants investigated. @ third

principal component, Cd concentrations are higbherAfl, A8 and A10 and are lower for A3 and A7 tHanthe

other plants. The classification of the herbal tieas the view point of trace element contents barmade using
three way PC score graphs. The herbal samplesecalassified into three groups. These groups irclud

Group 1: A2, A5.

Group 2: A4, A7, A8.
Group 3: Al, A3, A6, A9, Al10.
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Fig. 2 Dendrogram by CA analysison the calibeation set

Cluster analysis

Cluster analysis is the most widely used unsupedvigattern recognition technique in chemometrias ithvolves a
measurement of the similarity between objects t@lbstered. The objects in the same group are wiongar to
each other than to those in other groups. The erlumtalysis was applied using the SPSS package WEind's
method of clustering was applied with the squaredtlifean distance foA. rosea seeds from ten different
production areas of Xinjiang.

Similar groupings to those found above were obthinem cluster analysis as shown in the dendrodfEém 2). In
this study, three groupings were obtained fromteluanalysis.

These groups were:
Group 1: Al, A3, A6, A9, A10.
Group 2: A4, A7, AS8.
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Group 3: A2, A5.

Cluster analyses shown in Fig. 3 indicated thatu@rd (A1, A3, A6, A9 and A10) and Group 2 (A4, AdaA8)
samples are close to each other.

CONCLUSION

This study provides a comprehensive survey of trgants of 10 trace elementsAnrosea seeds samples from ten
different production areas of Xinjiang. The micrewe assisted digestion coupled with flame and graflrnace
atomic absorption spectrometry was used to detetioim trace elements if\. rosea seeds. The results
demonstrated thak. rosea seeds had a high content of Magnesium, potassighriran. The contents of the toxic
trace elements Cd and Pb were very low and couldpbose any threat to the consuming population.riteioto
recognize patterns, the chemometric techniquegin€ipal component analysis (PCA), and cluster ysial(CA)
were used for data evaluation. The first three ammepts account for 82.211% of variances for althaf data
including the first component accounted for 43.358% second for 25.243%, the third for 13.610%ARGd CA
revealed three groups Af rosea seeds samples based on trace element concerdration
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