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ABSTRACT

A new, simple, and highly sensitive method was proposed for measuring 10 elements (Na, K, Mg, Ca, Al, Mn, Fe,
Co, Cr, and P)in the leaves and stems of Suaeda vera in three different regions of South of Iran by Inductively
coupled plasma optical emission spectrometry (ICP OES)after microwave-assisted acid digestion. Limit of detection
(LOD) was below 6 mg kg™, relative standard deviations were below 8%.
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INTRODUCTION

Rapid growth of population has increased the denfandgricultural crops. Halophytes are plants tteat live in
highly saline conditions containing around 200 mBIQN They can store inorganic ions and produceya dsmotic
potential to absorb water [1-2]. Vegetables aréngortant part of a healthy and balanced diet. ddresumption of
vegetables and fruits provides adequate mineravigamins supply [2].

Suaeda vera is a common species of the Chenopodiaand usedefmtable in South of Iran. It grows high and low
tides, from April to October. The effect &vera enriched diet on blood physiology, innate immuesponseS.
vera decreased after July and the species increabke igrowth rate of the plant after August[3-4].

Elemental food composition data are important fothbconsumers and health professionals [5].Searalytical
techniques, such as inductively coupled plasmacalptemission spectrometry (ICP OES)[5-10], indwdgiv
coupled plasma mass spectrometry (ICP-MS), flaroeniat absorption spectrometry (FAAS), and electrotied
atomic absorption spectrometry (ETAAS) are usedifermining trace element contents in food sanjfles27].
Inductively coupled plasma optical emission spengtry (ICP OES) that can provide a rapid programnfailti-
element analysis [5].Microwave acid digestion isvpdul, very simple and fast method, followed byl&@® OES
and ICP-MS analysis for determination of metalfoiod samples [28-31Bveraa has been traditionally used as a
medicine for hepatitis and enriched diet on blobgsology, and innate immune response. The ainhisf study
was to develop multi-element ICP OES methods tdyaa&.vera samples after microwave assisted acid digestion.
Finally, the proposed method could be applied f&tednining some elements &fvera. Finally to the best of our
knowledge there are no published research stubims aetermination of elements in S.vera.
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EXPERIMENTAL SECTION

Instrumentation

Concentrations of 10 elements containing Na, K, kg, Al, Mn, Fe, Co, Cr, and P were determine®.imraa
samples by inductively coupled plasma optical elmisspectrometer ICP OES (Varian 730-ES Axial ICES)
and Argon (99.99%) as the carrier gas. Samplesstiagewas carried out in a microwave oven (MilestdiLS
1200 Mega model (Sorisole, Italy).

Materials and reagents

All the reagents were purchased from Merck (puoityhigher than 99%). Water used in all the expentaavas
ultrapure water. High purity ultrapure water wagaited from Millipore, Milli-Q (Bedford, MA, USA)AIl the
stock solutions and working standards were stordGaand brought to room temperature@pbefore use.

Sample preparation and digestion procedure

For the microwave assisted digestion the samplese weacerated and homogenized in an agatamortar.
Subsequently, approximately 0.5 g of the dried damyas weighed directly into polytetrafluorethylefi®l FE)
flasks. After adding 4 mL HNE(6 M) and 1 mL of HO, (1 M), the mixture was subjected to the following
digestion program: 100 W (3 min), 0 W (2 min), 280(2 min), 0 (2 min), 500 W (2 min), 0 W (2 min)Q@ W (2
min), 0 W (3 min) and 450 W (2.5 min).

Six different mixtures of reagents using HN&hd HO, were tested. Mixture | is 5 mL HNO3 (6 M), mixtuias 4
mL HNO;(6 M), mixture 1l is 3 mL HNQ(6 M), mixture IV (mixture of 4 mL HN® (6 M) and 0.5 mL KO, (1
M), mixture V (mixture of 4 mL HN@ (6 M) and 1 mL H202 (1 M), mixture VI (5 mL HNG6 M) and 2 mL
H,0, (1 M). Further dilution to 1:50 v/v ultrapure watwas necessary for elements analysis. Featutes smple
preparation method include:(a) microwave assistssbtution of the samples (b) addition of 4 mL H){®M) and

1 mL of HO,(1 M) and (c) ultrasonic 20°C and of 3 min, filicat and dilution of the solution to a predetermined
volume before being subjected to analysis by ICFS®H 1.

RESULTS

I|CP OES determination of element concentrations in samples

Results showed a lower level of Nain stem thandeauS. vera. But, Mg, Si, and Ba contents in leaves and stem
were approximately equal. Among the studied elemd&Pahad maximum concentrationdnvera stem, twice of the
Ca content in leaves. Na contentSnveraa leaves was ten times higher than that of stem.c@umation of 10
elements in leaves and stemSfera is shown in Table 1.

Figures of merit

Figures of merit for the elements are shown in &bl Limit of detection (LOD) was obtained as 3d8of the
standard deviation of ten measurements of the bdiaridled by the slope of the calibration curve. L@&lue was
lower than 6 mg kg and precision estimated by relative standard dievis (RSD) was lower than 8. The linear
correlation coefficients for ICP OES was R=0.999.

DISCUSSION
The proposed method was applied to the determmafid0 elements in $eraain Iran.

Na content of all the species was higher than tlod$e Mg, Ca, Al, Mn, Fe, Co, Cr, and P. Na contenS. veraa
leaves was ten times higher than that of stem. IResliowed that halophyti® veraa contained high levels of Na
and KS vera grew under high Na concentration. Asri et al. (@98tudied minerals of halophytes and concluded
that accumulation of Na was higher than those o€K, and Mg in halophytes [32]. Results of the @néstudy
were consistent with those by Asri. This planttsté&o grow in spring and summer and high levelslafand K help

to maintain body's water balance, given the highperature in summer.Ca contents in the plant orgaSsvera
were higher than Mg contents.Ca content decreaséheasoil salinity increased, probably becauseonfpetitive
effect with Na. Ca had maximum concentratiorSiivera stem, twice of the Ca content of the leaves ia hidy.
Grattan et al. (1988) indicated that salinity mayse an excessive accumulation of phosphate, hedaeing P
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toxicity [33]. Silberbush et al. (1989) showed tlsatinity had no effect on P uptake and P contetiteiased with
increasing magnesium concentration [34].

Population ofS. vera is more densely distributed in the region withh@gion contents of Mg, K, and Na and, as
noted previously. Halophytes have the mechanisrat ¢hn select these ions from the soil. Riasi e{2007)
studied four halophytes and found that Na, K, ahth@ese plants were above the critical leveljlevica and Mg
concentrations were below the critical level. lotfaNa was the only element, the concentrationstoth in plant
tissues could vary as much as those of Si[35]. €atnation Co, Cr, and Mn were the same in the stednleaves of

S. vera. Effect of S vera enriched diet on blood physiology, innate immuegponse, because the amount of Fe in
leaves ofS. vera was twice of the stem [36]. The mineral elementhatophytes significantly changed during the
growth in different weather conditions. Halophysesh asS. vera have the mechanisms that can adapt and select
the critical ions from the soil.

Fig.1.sample preparation method

4mL HNOMImL H20Z oo

Filtration and dilution
Shaking 20 5

ICP-OES

Sample  Microwave

Table 1.Figures of merit and concentration analysisof S. verafor the determination of elementsby |CP OES(mg kg™, n=3)

Element R LOD(mgkg?) | RSD(%) | Stem(mgkg?)  Leave(mgkg)
Na 0.9998 2.7 3.4 91670+2.2 12370+.1.4
K 0.9997 4.3 5.9 15302+1.3 16960+2.2
Mg 0.9997 1.5 2.3 3578+.2.5 3664+2.8
Ca 0.9994 5.4 3.6 8439+2.3 9363+1.4
Al 0.9996 4.6 3.9 58200+3.3 72763+2.6
Cr 0.9991 2.7 2.6 58200+3.3 72763+2.6
Mn 0.9992 2.9 3.1 162+0.2 161+0.3
Fe 0.9991 3.2 3.9 46123+0.3 37318+0.4
Co 0.9995 3.1 4.7 157+0.2 152+0.2
P 0.9997 4.3 5.3 1598+3.1 2345+2.1

CONCLUSION

In this study, concentrations of 10 elements (NaMg, Ca, Al, Mn, Fe, Co, Cr, and P) were determiire the
leaves and stems &f vera in three different regions of South of Iran usl@f OES after microwave-assisted acid
digestion. ICP OES and ICP-MS techniques were dsirated to be suitable for element determinatiors vera
samples following microwave-assisted acid digestidre samples were conveniently smashed and horizegeim

an agate mortar, avoiding oil loss before digestAimong the elements determined by ICP OES, N&L & ,Fe, Al,
and P were showed higher concentrations. Evaluatidghe element composition of vario8svera can be used to
achieve the levels and importance of ions in déifémweather conditions and also obtain the orgaptaat that can
be used to prepare an extract of important anduliggis for humans. Leaves of the plant have beaditionally
used as a medicine for hepatitis and it has bgeorted to possess antiviral, antibacterial, antiari activities, etc.
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