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Abstract

AbstractHeavy metals accumulation in the Stevia rebaudiana from leaves and flowers
extraction is reported. Heavy metals are the chemical elements with a specific gravity contain at least
five (5) times the specific gravity of water. The heavy metals were found accumulated in animal and
plant cells, leading to severe negative effect to the environments. The objective of the research is to
investigate the heavy metals contain in Stevia plant (Stevia rebaudiana). The samples were purchased
from Stevia Valley Taman Paya Dalam, Malacca Malaysia. The fresh leaves and flowers of Stevia
plant were dried using oven equipment and were grinded until fine to make powder. The analysis of
sample was carried out by using an Inductively Coupled Plasma Mass-Spectrophotometer (ICP-MS)
to analyze the Cadmium (Cd), Chromium (Cr), Copper (Cu), Iron (Fe), Magnesium (Mg), plumbum
(Pb), Selenium (Se) and Zinc (Zn). The result shows that heavy metals were contains Cd (0.6048
mg/kg), Cr (5.621 mg/kg), Cu (3.402 mg/kg), Fe (719 mg/kg ), Mg (1.701 mg/k), Pb (1.682 mg/kg), Se
(< 0.7644 um/kg) and Zn(33.03 mg/kg) in leaves. Meanwhile, the results of heavy metals in flowers
were Cd (0.2266 mg/kg), Cr (5.127 mg/kg), Cu (6.461 mg/kg), Fe (614 mg/kg), Mg (1.76 mg/kg), Pb
(1.735 mg/kg), Se (< 0.7644 um/kg) and Zn (31.46 mg/kg). Stevia rebaudiana plant contains eight
heavy metals below permissible limit in plant and can be used as food products.
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INTRODUCTION

Stevia rebaudiana (Bertoni) is a family of
Asteraceae is herbaceous perennial plant
indigenous to Paraguay and Brazil where its
leaves are used by the local Guarani Indians as
natural sweetener for hundreds of years. About
150 stevia species are known, among them Stevia
rebaudiana is the only one with significant sweet
tasting properties (Soejarto et al, 1983). A
Stevia rebaudiana extracts having up to 300
times the sweetness of sugar, has garnered
attention with the rise in demand for
low-carbohydrate  and  low-sugar  food
alternatives. Because Stevia has a negligible
effect on blood glucose, it is attractive as a
natural sweetener to people on
carbohydrate-controlled diets.

~
-
Fig. 1 Stevia rebaudiana Bertoni

Stevia rebaudiana plant (shown in Fig.1)
is a worldwide importance today because its
leaves are used as non-nutritive high potency
sweetener primarily in Japan, Korea, China and
South America. The consumption of stevia
extract in Japan and Korea was about 200 and
115 tons/year, respectively (Kinghorn et al.,
2000). The extracts have been used for
sweetening soft drinks such as diet coke, soju,
soy sauce, dried seafood, candies, ice cream,
chewing gum, yoghurt, and as well as in
toothpaste and mouthwash in Japan, Korea, and
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Brazil (Carakostas et al., 2008, Tedhani et al.,
2007).

Stevia  rebaudiana plant is easily
contaminated during growth, development and
processing, and for this, an extensive research is
needed to explore the characteristics of the heavy
metal produced by the plant. The heavy metals
produced from the herb and its toxicity of Stevia
rebaudiana plant is not well documented, and
scientific evidence is limited to establish Stevia
rebaudiana plant as a medicinal plant. The
toxicity of the heavy metals could affect the
human health and may disturb the normal
functions of control nervous system, liver, lungs,
heart, kidney and brain, leading to hypertension,
abdominal pain, skin eruptions, intestinal ulcer
and different types of cancers. The heavy metals
detected in the plant (leaves and flowers) are
namely as cadmium (Cd), chromium (Cr),
copper (Cu), iron (Fe), magnesium (Mg),
plumbum (Pb), selenium (Se) and zinc (Zn). The
extraction of all these heavy metals will be
analysed using Inductively Coupled Plasma -
Mass Spectrophotometer (ICP-MS) (AOAC,
1995).

Heavy metals are the chemical elements
with a specific gravity that is at least five times
the specific gravity of water. The specific gravity
of water is 1.0 at4 °C (39 °F). Specific gravity is
a measurement of density of a given amount of a
solid substance when it is being compared to an
equal amount of water (Lide, 1992). Heavy
metals are closely connected with environment
deterioration and the quality of human life, and
thus have aroused concern all over the world.
There are 23 heavy metals that have been
reported were the heavy elements which are
antimony, arsenic, bismuth, cadmium, cerium,
chromium, cobalt, copper, gallium, gold, iron,
plumbum, manganese, mercury, nickel,
platinum, silver, tellurium, thallium, tin,
uranium, vanadium, and zinc (Glanze, 1996).

Many studies have investigated the
presence of toxic contaminants in herbal plants.
Trace elements such as zinc (Zn), manganese
(Mn), chromium (Cr), copper (Cu), iron (Fe),
plumbum (Pb), nickel (Ni) and vanadium (V)
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were being found in a traditional Chinese herb
Jingi (Han et al., 2008). The World Health
Organisation (WHO) recommends limits for
various medicinal plants of not more than 10
mg/kg Pb and 0.3 mg/kg Cd in the final dosage
form of the plant material (WHO, 2007).

Heavy metals such as copper (Cu) and
Zinc (Zn) are essential for normal plant growth
and development since they are constituents of
many enzymes and other proteins (Hall, 2001).
Many species of plants have been successful in
absorbing contaminants such as lead, cadmium,
chromium, arsenic, and various radionuclides
from soils. One of phytoremediation categories,
phytoextraction, can be used to remove heavy
metals from soil using its ability to uptake metals
which are essential for plant growth (Fe,Mn, Zn,
Cu, Mg,Mo, and Ni). Some metals with
unknown biological function (Cd, Cr, Pb, Co,
Ag, Se, and Hg) can also be accumulated
(Cho-Ruk and Kurukote, 2006).

The high concentration of heavy metals in
soils is reflected by higher concentrations of
metals in plants, and consequently in animal and
human bodies. The ability of some plants to
absorb and accumulate xenobiotics makes them
useful as indicators of environmental pollution
(Buszewski et al., 2000). Heavy metals from soil
enter plants primarily through the root system. In
general, plant roots are the most important site
for uptake chemicals from soil (Miclean et al.,
2000).

In heavy metal polluted soils, plant growth
can be inhibited by metal absorption. However,
some plant species are able to accumulate fairly
large amounts of heavy metals without showing
stress, which represents a potential risk for
animals and humans (Oliver, 1997). Heavy metal
uptake by crops growing in contaminated soil is
a potential hazard to human health because of
transmission in the food chain (Brun et al., 2001,
Gincchio, et al., 2002, Friesl, et al., 2006).

Various instrument and methods have
been used to determinate minerals and heavy
metals in foods, viz., atomic absorption
spectrophotometer (AAS), and Inductively
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Couple Plasma — Mass Spectrophotometer
(ICP-MS). In this study, Inductively Couple
Plasma — Mass Spectrophotometer was used to
determinate minerals and heavy metals.
Advantages of using an ICP-MS include its
ability to identify and quantify all elements with
the exception of Argon, multi-element
technique,suitable for all concentrations from
ultra trace levels to major components, detection
limits are generally low for most elements with a
typical range of 1 - 100 g/L, high sensitivity;
good precision and accuracy, multi elemental
analysis can be accomplished, and quite rapidly
(Worley and Kvech 2000).

METHODS

Extraction for mineral analysis

The raw material consists of leaves and
flowers of Stevia rebaudiana as a sample
purchased from Stevia Valley Taman Paya
Dalam, Malacca Malaysia. The fresh leaves and
flowers of Stevia plant were dried using oven
equipment and were grinded until fine to make
powder. Leaves and flowers of Stevia
rebaudiana  plants of each  weighed
approximately 0.5 grams into a Teflon digestion
vessel, to which was added exactly HNO; (65%,
7 mL) and H,0O; (30%, 1 mL). The vessels were
then capped, and fitted into rotor segments and
inserted into the microwave cavity. The samples
were radiated for 20 minutes. Upon cooling, the
vessels were uncapped and solutions transferred
into 50 mL volumetric flasks.

Analysis of heavy metals using ICP-MS

The analysis of sample was carried out by
using an Inductively Coupled Plasma
Mass-Spectrophotometer (ICP-MS) instrument
(Agilent 7500a) to analyze the cadmium (Cd),
chromium (Cr), copper (Cu), iron (Fe),
magnesium (Mg), plumbum (Pb), selenium (Se)
and zinc (Zn). Three point calibration curves
were constructed using five concentrations
(0-500ug/L) of standards prepared in-house.
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HNO; was used as a blank and all the analysis
was performed in triplicates.

RESULTS AND DISCUSSION
Minerals are defined as naturally
occurring inorganic elements having a

characteristic crystalline structure and chemical
composition, and that has been formed pursuant
to the geological process (Higdon, 2002). Plants
obtain minerals from the soil, and most of the
minerals in human diets come directly from
plants or indirectly via animal sources. Minerals
from plant sources may also vary from place to
place, because soil minerals content varies
geographically. Minerals content in the
microwave-digested samples were determined
using an Inductively Coupled Plasma
Mass-Spectrophotometer (ICP-MS).

Heavy metals in leaves and flowers of
Stevia  rebaudiana were presented eight
parameters such as cadmium (Cd), chromium
(Cr), copper (Cu), iron (Fe), magnesium (Mg),
plumbum (Pb), selenium (Se) and zinc (Zn).
Table I shows the total concentration of selected
heavy metals of Stevia rebaudiana from leaves
and flowers extraction.
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roots and short growth while yield production is
affected in by nutrient uptake and homeostasis. It
is  frequently being accumulated by
agriculturally important crops and impairs
animal and human health. Cd is being described
as mobile in the soil, to easily absorb by plant
than Pb (Alloway, 1995). Cadmium may cause
decreased uptake of nutrient elements inhibition
of various enzyme activities, induction of
oxidative stress, including alterations in enzymes
of the antioxidant defense system (Sandalio et al.
2001).

Heavy metals like Zn, Fe, Cu, Mn are
essential for plant growth and important
constituents of many enzymes of metabolic
importance. Other metals like Pb, Cd, As, Se, Cr
and Al are biologically non-essential and toxic
above certain threshold levels. Chromium is
toxic to plants and does not play any role in plant
metabolism (Dixit et al., 2002). Chromium (Cr)
is toxic to higher plants at 100 uMkg' dry
weight (Davies et al., 2002). The result shows
that chromium (Cr) in leaves of Stevia
rebaudiana was 5.621 mg/kg. Meanwhile, the
result of chromium (Cr) in flowers was 5.127
mg/kg.

Table I. Heavy metals concentration of the leaves and flowers

Heavy metals Unit Leaves Flowers
Cadmium (Cd) mg/kg 0.6048 0.266
Chromium (Cr) mg/kg 5.621 5.127
Copper (Cu) mg/kg 3.402 6.461
Iron (Fe) mg/kg 719 614
Magnesium (Mg) mg/kg 1.701 1.76
Plumbum (Pb) mg/kg 1.682 1.735
Selenium (Se) um/kg <0.7644 <0.7644
Zinc (Zn) mg/kg 33.03 31.46

The concentrations of cadmium (Cd) in
plant tissues were exceeded the permissible limit
of 2 mg/kg (Codex Alimentarius 2001a). The
result shows that cadmium (Cd) in leaves of
Stevia  rebaudiana was 0.6048 mg/kg.
Meanwhile, the result of cadmium (Cd) in
flowers was 0.2266 mg/kg. Cadmium (Cd) being
a highly toxic metal pollutant of soil inhibits
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The uptake of the copper from soil by
plants depends on the ability of the plants to
transfer the metal across the soil-root interface
and the total amount of Cu present in the soil
(Agata and Ernest 1998). Copper (Cu) is
necessary for plant growth in low
concentrations, a structural part of enzymes, and
is up taken as divalent cation (Cu*") or Cu
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chelate. Cu, however, is often present in high
concentrations that are toxic enough to biota.
The result shows that copper (Cu) in leaves of
Stevia  rebaudiana  was 3402  mg/kg.
Meanwhile, the result of copper (Cu) in flowers
was 6.461 mg/kg.

Iron (Fe) deficiency (iron chlorosis) is an
important nutritional disorder in fruit trees that
results from impaired acquisition and use of the
metal by plants, rather than from a low level of
Fe in soils. The most evident effect of Fe
deficiency is a decreased content of
photosynthetic pigments, which results in the
relative enrichment of carotenoids over
chlorophylls (Chl) and leads to the yellow colour
that is characteristic of chlorotic leaves (Abadia
et al. 2011). The result shows that iron (Fe) in
leaves of Stevia rebaudiana was 719 mg/kg.
Meanwhile, the result of iron (Fe) in flowers was
614 mg/kg.

Magnesium, a mineral present in most
foods, is essential for human metabolism and for
maintaining the electrical potential in nerve and
muscle cells. Magnesium is a macro mineral,
essential to the proper utilization of other
minerals in the body, including calcium and
phosphorus. Magnesium is also critical to energy
production and to over 300 enzymatic reactions
in the body. It helps metabolize carbohydrates,
proteins and fats, plus other minerals and
nutrients (Nature’s Sunshine Products Follows
Numerous Manufacturing Guidelines 2001). The
result shows that magnesium (Mg) in leaves of
Stevia  rebaudiana  was 1.701  mg/kg.
Meanwhile, the result of magnesium (Mg) in
flowers was 1.76 mg/kg. According to
Marschner (1995), that 15 to 30% of the total
magnesium in plants is associated with
chlorophyll molecule. Magnesium is an essential
element in biological systems. Magnesium
occurs typically as the Mg*" ion. It is an essential
mineral nutrient for life..

Plumbum (Pb) is a highly toxic metal that
is present in soils in concentrations generally
lower than 100 pg g™ (Swaine 1990), but can be
as high as 300 pg g in agricultural soils (Bradl
2005). Plumbum concentrations in coal are
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generally lower than 80 pg g (Swaine 1990).
Plumbum (Pb) is the one of the heavy metal
which is a poison. Plumbum is the most common
heavy metal contaminant in the environment.
Plumbum (Pb) does not have any metabolic use,
it is ubiquitous in the soil, and is readily
accumulated in plants when available. The result
shows that Plumbum (Pb) in leaves of Stevia
rebaudiana was 1.682 mg/kg. Meanwhile, the
result of plumbum (Pb) in flowers was 1.735
mg/kg. The concentration of plumbum in
vegetables exceeded their permissible limit of 3
mg/kg” (Codex Alimentarius, 2001b).

Selenium (Se) is a trace mineral that is
essential to good health but required only in
small amounts (Thomson 2004, Goldhaber
2003). Some plants are tolerant to selenium,
showing a high capability to accumulate this
element without symptoms of toxicity. They are
also capable of translocating and/or transforming
selenium into bioactive compounds, which play
an important role in both, human nutrition and
phytoremediation (Ellis and Salt 2003). The
interest of selenium speciation in plants is due to
the antioxidant and anticarcinogenic properties
of certain species. The result shows that selenium
(Se) in leaves of Stevia rebaudiana was < 0.7644
mg/kg. Meanwhile, the result of selenium (Se) in

flowers was < 0.7644 mg/kg.
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Fig. 2 Heavy metals accumulation of Stevia rebaudiana.
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Zinc is an essential element for plant
nutrition. It plays structural and/or catalytic roles
in many enzymes such as Cu—Zn superoxide
dismutase, alcohol dehydrogenase, RNA
polymerase and DNA-binding proteins and is
associated with the carbohydrate metabolism
(Kim et al., 2002, Broadley 2007). Moreover,
zine plays critical roles in the defence system of
cells against reactive oxygen species (ROS), and
thus represents an excellent protective agent
against the oxidation of several vital cell
components such as membrane lipid, chlorophyll
and —SH groups of protein (Cakmak 2000, Zago
and Oteiza 2001). However, when massively
present in the environment, Zinc can reach
optimal concentrations in all plant organs, thus
inducing toxic effects and metabolic disorders.
Zn inputs on soils are related with mining,
industrial activities and agricultural practices (Bi
et al., 2006). Excessive Zn in plants can delay or
diminish the growth (Andrade et al., 2009) and
root development (Lingua et al, 2008) and
causes leaf chlorosis (Wang et al., 2009). The
result shows that zinc (Zn) in leaves of Stevia
rebaudiana was 33.03 mg/kg. Meanwhile, the
result of zinc (Zn) in flowers was 31.46 mg/kg.

The heavy metals accumulation of Stevia
rebaudiana from leaves and flowers extraction
such as cadmium (Cd), chromium (Cr), copper
(Cu), iron (Fe), magnesium (Mg), plumbum
(Pb), selenium (Se) and zinc (Zn) are shown in
Fig. 2.

CONCLUSIONS

The accumulation of heavy metals in
leaves and flowers of Stevia rebaudiana contain
eight heavy metals such as cadmium (Cd),
chromium (Cr), copper (Cu), iron (Fe),
magnesium (Mg), plumbum (Pb), selenium (Se)
and zinc (Zn) below permissible limit in plant
and can be used as food products.

REFERENCES

Abadia, J., Vazquez, S., Rellin-Alvarez, R.,
El-Jendoubi, H., Abadia, A., Alvarez-
Fernandez, A., Lopez-Millan, A.F.

234

ISBN : 978-979-18458-5-4

(2011). Towards a knowledge-based
correction of iron chlorosis, Plant Physiol.
Biochemical 49: 471- 482.

Agata, F., and Erest, B. (1998). Meta—metal
interactions in accumulation of V5+,
Ni2+, Mo6+, Mn2+ and Cu2+ in under
and above ground parts of Sinapis alba.
Chemosphere 36: 1305-1317.

Alloway, B.J., 1995. Heavy Metal in Soils. Jhon
Willey and Sons Inc., New York.

Andrade, S.A.L., Gratdo, P.L., Schiavinato,
S.M.A., Silveira, A.P.D., Azevedo, R.A.,
Mazzafera, P. (2009). Zn uptake,
physiological  response and  stress
attenuation in mycorrhizal jack bean
growing in soil with increasing Zn

concentrations, Chemosphere 75:
1363-1370.

Bi, X., Feng, X., Yang, Y., Qiu, G, Li, G., L, F.,
Liu, T., Fu, Z., Jin, Z.(2006).

Environmental contamination of heavy
metals from zinc smelting areas in
Hezhang, County, Western Guizhou,
China, Environment International 32:

883-890.
Bradl, H.B. (2005). Heavy metals in the

environment: origin, interaction and
remediation. Interface Science and
Technology  Volume 6;  Elsevier

Academic Press.

Broadley, M.R. (2007). Zinc in plants, New
Phytologist 173: 677-702.

Brun, L.A., Maillet, J., Hinsinger, P., Pepin, M.
(2001). Evaluation of copper availability
to plants in copper-contaminated vineyard
soils. Environment Pollution.111,
293-302.

Buszewski. B., Jastrzébska, A., Kowalkowski,
T., Gérna-Binkul, A. (2000). Monitoring
of Selected Heavy Metals Uptake by
Plants and Soils in the Area of Toruf,
Poland. Polish Journal of Environmental
Studies 9: 511-515.

Proceeding of International Conference on Drug Development of Natural Resources June 30t 2012



Cakmak, I. (2000). Possible roles of zinc in
protecting plant cells from damage by

reactive oxygen species, New Phytologist
146: 185-205.

Carakostas, M.C., Curry, L.L., Boileau, A.C.,
Brusick, D.J. (2008). Overview, The
history, technical function and safety of
rebaudioside Aa naturally occurring
steviol glycoside for use in food and
beverages, @ Food and  Chemical
Toxicology 46: 1-10.

Cho-Ruk, J., and Kurukote, P. (2006). Supprung,
and S. Vetayasuporn, “Perennial plants in
the phytoremediation of leadcontaminated

soils,” Biotechnology, vol. 5, no. 1, pp.
1-4.

Codex Alimentarius.(2001a). Codex maximum
levels for Cadmium in Cereals, Pulses and
Legumes, Joint FAO/WHO Standards,

CAC/GL 39-2001.
http//www.codexalimentarius.
net/standards_search.asp. (Accessed

March 2004).

Codex Alimentarius, (2001b). Maximum levels
for Lead, Joint FAO/WHO Standards,
Codex STAN 230-2001,
http//www.codexalimentarius.net/standar
ds_search.asp (Accessed March 2004).

Davies, F.T., Puryear, J.D., Newton, R.J., Egilla,
J.N., Grossi, J.A.S., (2002). Mycorrhizal
fungi increase chromium uptake by
sunflower plants: influence on tissue
mineral concentration, growth, and gas
exchange. Journal Plant Nutrition 25:

2389 —407.

Dixit, V., Pandey, V., Shyam, R. (2002).
Chromium ions inactivate electron
transport and enhance superoxide

generation in vivo in pea (Pisum sativum
L. cv: Azad) root mitochondria. Plant Cell
Environmen 25: 687-693.

Ellis, R.D., and Salt, E.D. (2003). Curr. Opin.
Plant Biology 6: 273.

Friesl, W., Friedl, J., Platzer, K., Horak, O.,
Gerzabek, M.H. (2006). Remediation of

Proceeding of International Conference on Drug Development of Natural ResourcesJune 30t 2012

ISBN : 978-979-18458-5-4

contaminated agricultural soils near a
former Pb/Zn smelter in Austria: batch,
pot and field experiments. Environment
Pollution 144: 40-50.

Gincchio, R., Rodriguez, P.H., BadillaOhlbaum,
R., Allen, H.E., Lagos, G.E. (2002). Effect
of soil copper content and pH on copper
uptake of selected vegetables grown under

controlled  conditions.  Environment
Toxicol Chemical 21: 1736-1744.
Glanze, W.D. (1996). Mosby Medical

Encyclopedia Revised Edition. St. Louis
MO: C.V. Mosby.

Goldhaber, S.B. (2003). Trace element risk
assessment: essentiality vs. toxicity.
Regulatory Toxicology and
Pharmacology 38: 232-42.

Higdon, D. (2002). Space and space—time
modeling using process convolutions. In
Quantitative  Methods  for  Current
Environmental Issues (C. W. Anderson,
V. Barnett, P. C. Chatwin and A. H.
El-Shaarawi, eds.) 37-56. Springer,
London.

Hall, J.L. (2001).Cellular mechanisms for heavy
metal detoxification and tolerance School
of Biological Sciences, University of
Southampton,  Biomedical  Sciences
Building, Southampton SO16 7PX, UK.

Han, C., Li, J., Hui, Q. (2008). Determination of
trace elements in Jingi a traditional
Chinese medicine. Biology Trace Element
Research 122: 122-126.

Kim, T., Harry, A.M., Hazel, Y.W. (2002).
Studies on the effect of zinc supply on
growth and nutrient uptake in pecan,
Journal Plant Nutrition 25: 1987-2000.

Kinghorn, A.D., Wu, C.D., Soejarto, D.D.
(2000). Stevioside, in: O’ BrienNabors
(Ed.), Alternative Sweeteners, third ed.,
Dekker, NewYork, pp.167-183 (revised
and expanded).

235



Lide, D. (1992). CRC Handbook of Chemistry
and Physics, 73rd Edition, Boca Raton,
FL: CRC Press.

Lingua, G., Franchin, C., Todeschini, V.,
Castiglione, S., Biondi, S., Burlando, B.,
Parravicini, V., Torrigiani, P., Berta, G.
(2008). Arbuscular mycorrhizal fungi
differentially affect the response to high
zinc concentrations of two registered
poplar clones, Environment Pollution
153: 137-147.

Marschner, H. (1995). Mineral Nutrition of
Higher Plants. Academic Press, London.

Miclean, M., Roman, C., Levei, E., Senila, M.,
Abraham, B., Cordos, E. (2000). Heavy
metals availability for plants in a mining
area from North-Western Romania.
INCDO-INOE 2000, Research Institute
for Analytical Instrumentation, 67
Donath, Cluj-Napoca 400293.

Nature’s Sunshine Products Follows Numerous
Manufacturing Guidelines (2001).
MAGNESIUM, Nervous System Support.
Nature’s Sunshine Products, Inc.

Oliver, M.A. (1997). Soil and human health: a
review. Eur. J. Soil Sci. 48 (4), 573-592.

Sandalio, L.M., Dalurzo, H.C., Gomez, M.,
Romero-Puertas, M.C., Del Rio, L.A.
(2001). Cadmium-inducedchanges in the
growth and oxidative metabolism of pea
plants. Journal Experimental Botany 52:
2115-2126.

Soejarto, D.D., Compodra, C.M., Medon, P.J.,
Komath, S.K., Kinghorn, A.D. (1983).
Economist Botany 37: 71-79.

236

ISBN : 978-979-18458-5-4

Swaine, D.J. (1990). Trace elements in coal.
London, UK: Butterworth, p. 184—6.

Tedhani, M.B., Patel, V.H., Subhash, R. (2007).
In vitro antioxidant activities of Stevia
rebaudiana leaves and callus, Journal of
Food Composition and Analysis 20:
323-3209.

Thomson, C.D. (2004). Assessment of
requirements for selenium and adequacy

of selenium status: a review. Eur J Clin
Nutrition 58: 391-402.

Wang, C., Zhang, S.H., Wang, P.F., Hou, J.,
Zhang, W.J., Li, W., Lin, Z.P. (2009). The
effect of excess Zn on mineral nutrition
and antioxidative response in rapeseed
seedlings,  Chemosphere 75 (11):
1468-1476.

World Health Organization, (2007). Dept. of
Technical Cooperation for Essential
Drugs and Traditional Medicine. WHO
guidelines for assessing quality of herbal
medicines with reference to contaminants
and residues. Geneva, Switzerland: World
Health Organization.

Worley, J. and Kvech, S. (2000). ICP-MS. High
resolution inductively coupled plasma
mass spectrometry.
http://zonvark.wustl.edu/icpms/hires.html
. Visited January 2011.

Zago, M.P., and Oteiza, P.I. (2001). The
antioxidant properties of zinc: interactions

with iron and antioxidants, Free Radical
Biology Medicine. 31: 266-274.

Proceeding of International Conference on Drug Development of Natural Resources June 30t 2012





