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Determination of Selenium in Nuts by Cathodic Stripping
Potentiometry (CSP)
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The aim of this work was to determine the selenium content in nut samples by cathodic stripping
potentiometry. Dry-powdered nuts were digested by HNO; and dissolved with concentrated
hydrochloric acid. To avoid the interference of natural oxygen, the potentiometric determination of
selenium was carried out in an electrolyte solution consisting of 2 M CaCl, and 4 M HCI. The analysis
was executed applying an electrolysis potential of —150 mV for 60 s and a constant current of —30
uA. Under these conditions, detection limits lower than 1.0 ng g—* were obtained for selenium analysis
in nuts. The relative standard deviation of these measurements (expressed as rsd %) ranged from
0.44 to 0.88% while recoveries ranged from 90.2 to 95.3%. The results obtained with the proposed
method were compared with those obtained via hydride vapor generation atomic absorption
spectroscopy, a common method for determining selenium. The results of the two methods agreed
within 5% for almond, hazelnut, and pistachio samples. The mean concentrations of selenium
determined in Sicilian samples of almond, hazelnut, and pistachio were 531 + 1, 865 + 1, and 893
+ 4 ug/kg, respectively.
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INTRODUCTION concentrations in many biological forms (selenite, selenate,

Seenium s become on of e most dcussed essenigf 2T OUSENS SeETOenoe G sornOOrE
micronutrients in biology and medicine (1). Selenium com- at te}n eraturegZOO°C © 1%) Therefore. the copmmonl used
pounds play an important role in protecting cells from oxidative P e ’ y

damage and may reduce the risk of cardiovascular diseases anaample preparation procedures and analytical techniques that

. - - Involve the use of high temperatures, such as dry ashin
_oth_er pathologies brought on py oxidative stress. Recent stud|esfollowe d by atomic abs%rption zpectrosco AyiY, may ca)L/Jse a 9
indicate '_[hat supplemgntal Se n the human d'e.t may also reducesevere loss of selenium compounds throu,gh volatilization.
cancer “S!( (2). Selenium enters the fOOd. chg!n through F?IantSAIternative technigues such as voltammettR), gas chroma-
that take it up from the soil, so the availability of selenium tography (13), and fluorimetry6] have been successfully
T D Romtr Pocssen. . STIIYES. I TSk, Calhod Sirping pteamery (CSF)
tions higher than 40@g/day may become toxiet]. Meat and (14) is used to determine the selenium content of nuts that were

; studied. A glassy carbon mercury film electrode was employed
seafood are good sources of selenium (400—14§Bg), as . ) .
are cereals a?‘d cereal products (iBOOué/kg), freshgfauits, as the working electrode. This electrode has been used previ-

an vegetates (“100Ge) (9, Ths or deals v the 9451 e detemintion of s e o (o
determination of selenium content in different types of nuts: ) P y

almond Prunus amygdalyshazelnut Corylus aellanug, and digestion at 8C°C followed by hydrochloric acid treatment.
pistachio (Pystaciaera) (6). The kernels are a rich source of MATERIALS AND METHODS
oil and contain oleic, linoleic, and linolenic fatty acids. In ©
addition, the high levels of fiber, vitamins, proteins, and minerals ~ Reagents.Aimond (P. amygdaluy hazelnut C. a:ellanug, and
such as K, Na, Ca, Mg, Fe, Zn, and Cu make them highly pistachio (P.vera) raw samples from the crop year 2002 produced in
nutritious (7). Raw or roasted nuts are consumed worldwide Sicily were studied. Storage was under ambient conditions280C).

: : . . . . All of the reagents used were of analytical grade. Hydrochloric acid
and are important in the confectionery industry as an ingredient X
. . . . 34—37% d Se(lV) (100@g/mL, 0.5 N HN tandard solut
in cookies and candy. The fact that nuts are considered hlghly( ) and Se(lV) (1000g/m Q) standard solutions

- S were purchased from Panreac (Barcelona, Spain). The Se(IV) standard
nutritious and are consumed worldwide indicates that the levels ¢qtion was diluted with ultrapure water to obtain agimL Se(IV)

of a micronutrient as important as selenium should be deter- sojution. Anhydrous Cag(Baker J. T., Deventer, Holland) was used
mined in them reliably. Selenium quantification in food is very to prepare a 2 Maqueous solution of Cagsolution, 4 M HCI. Nitric
problematic because this micronutrient is present in very low acid (Merk, Darmstadt, Germany) was used to digest the dried sample.
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Table 1. Electrochemical Conditions for CSP Selenium Determination Table 2. Instrument Precision (n = 4), Method Reproducibility
in Samples of Almond, Hazelnut, and Pistachio (Expressed as Total rsd % and Calculated from Three Extracts), and
s Detection Limits for CSP Determination of Se(IV) in Nuts
e
integration range mvV —680; —470 almond hazelnut pistachio
potential range mV —700; —400 first extraction
conditioning potential mV -720x5s mean + SD (ug/kg) 529+ 4 866 + 4 894 +4
electrolysis potential mV -150 rsd % 0.83 0.41 0.46
electrolysis time S 60 second extraction
acquisition final potential mV =750 mean + SD (ug/kg) 531+5 864 + 4 891+4
cathodic current UA =30 rsd % 0.96 0.46 0.45
sampling time us 300 third extraction
discharge potential mv -560 mean + SD (ug/kg) 532+5 864 + 4 894 + 4
agitation speed turn/s 2 rsd % 0.86 0.46 0.46
Yok @ addiions " ) total mean + SD (uglkg) 531+ 1 865+ 1 893+ 2
total rsd % 0.88 0.44 0.46
detection limit («g/kg) 0.44 0.49 0.63

The nut extracts were filtered on a Supelclean ENVI-Carb SPE carbon
column (Q.5 g, 6 mL, Supelco, Bellefonte, PA). The (_:arb(_)n columns Table 3. Selenium Recoveries from Nuts?
were activated by methanol (Carlo Erba Reagenti, Milan, Italy).
Ultrapure water (18.2 I®/cm) was prepared at the Department of Se added expected found recovery
Organic and Blologlgal Chemls_try, Unlvers.lty of Messina. (uglkg) (uglkg) (uglkg) (uglkg) %
App_aratus_. Selgnlym analysis was carried out on a PS_A ION 3 aimond 53086 5000 1030.86 985 £ 6 953205
potentiometric stripping analyzer (Steroglass, S. Martino in Campo, .. 864 61 8000 1664.61 1497+6  907+07
Perugia, Italy), which was controlled'by NEOTES 2.0.1 software_z pistachio 892.82 900.0 1792.82 1617+7 902+05
(Steroglass) run on an IBM compatible personal computer. This
software also generated the potentiometric data for Se(IV) during the
analysis.The determination was executed in a conventional three-
electrode cell. The working electrode was a glassy carbon electrode ) o
coated with a thin mercury film: the reference electrode was an Ag/AgC| Table 4. Spike and Recovery Test at HNO; Digestion Stage®
electrode (3 M KClI), and a platinum wire auxiliary electrode was also S
used. e added expected found reC(U)very
Sample Preparation. The whole nuts were crushed with a mortar (glkg) (glkg) (glkg) (gkg) %
and a pestle until powdery samples were obtained. Exactly 2.0 g of amond 530.86 500.0 1030. 86 998+7  96.8+0.9
the powdered sample was placed into a crucible and dried in 4280 ~ hazelnut 86461 8000 166461  1548+9 93007
oven to remove water and volatile compounds overnight. The dried Pistachio 89282 9000 179282 16649 92806
nuts were digested with 1.0 mL of 70% HN@t 80°C for 1 h. The
digested sample turned from yellowish to dark brown, was transferred ~ * The percent recovery values are the mean of four determinations.
into a Teflon beaker, and dissolved in 10.0 mL of 37 % HCI with
gentle heating for about 1 h. This treatment allowed the conversion of solution. The obtained mixtures were homogenized under magnetic
all selenium to the electropositive Se(IV) species. To remove any stirring overnight. The spiked samples were then dried, and the
residue of organic matter, the dissolved sample was filtered on a carbonextraction procedure previously described was executed. The recovery
column previously activated by 2.0 mL of methanol followed by 2.0 results are given iTable 3. To verify weather the drying step may
mL of ultrapure water. The filtrates appeared colorless. cause selenium loss, a separate spike and recovery test, in which the
Electrode Preparation: Plating. The electrodes were stored in  samples of nuts were spiked with a known volume of a/AgimL
ultrapure water. Before each analysis was started, they were well- Se(IV) standard solution, was done at the H\N{ipestion state. The
cleaned with pure absolute methanol and filter paper. Before each results are given iTable 4.
analysis, the working electrode was plated witH g electrolyzing a
20.0 mL volume of 1000.@g/mL Hg(ll) standard solution at950 RESULTS AND DISCUSSIONS
m\iifSOFr> %A;lnailr;/.sis.For the determination of selenium in nuts, 1.0 mL 1€ low concentration of selenium in different kinds of nuts
of the hydrochloric acid extracts and 9.0 mL of the 2 M GACM required a highly sensitive method for its determination; CSP
HCI solution were placed into the electrochemical cell. With this was well-suited for this purpose. The low detection limits of
exchange medium, Onterferences were avoided without the need for  this technique were mostly due to the preconcentration of the

@The percent recovery values are the mean of four determinations.

time-consuming deoxygenation processes (I#yact, O, solubility trace selenium onto the mercury film of the working electrode.
in acid solutions of electrolytes is lower than in wate4 (18, 19). All The preconcentration of selenium(IV) occurred-dt50 mV
of the electrochemical parameters are specifie@iable 1. vs the Ag/AgCl reference electrode; the electrolysis time was

The quantitative analysis was done by the multiple point standard 0s

addition method (20). Optimum precision and accuracy were obtained

with the addition of two 0.1 mL aliquots of a 5/@g/mL standard o " _

solution of Se(IV). SeQ” +Hg+6H' +4e — SE(Hg") + 3H,0
Precision and Reproducibility Tests.The precision and reproduc-

ibility of the analytical method were evaluated by executing the The deposited Sevas further reduced during the stripping step

extraction procedure three times on each nut sample and quantifyingby a —30 uA cathodic constant current:

selenium four times in each extract. The instrument precision is

indicated as the mean rsd % for each extract, and the method + S

reproducibility is represented by the total mean rsd % for all of the Sé)(HgO) +t2H +2e H,Se+ Hg

extracts (Table 2). ) .
Recovery Test.The possibility of loss or gain of Se, due to the The selenium(ll) peak appeared-a560 mV on the potentio-

extraction procedure, was explored 1 g sample of each powdered ~ gram (Figure 1). The electrolysis potential =150 mV and

nut was spiked with varying volumes of a u@/mL Se(IV) standard the dissolution current —15 uA resulted in a decrease of the
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Figure 1. Selenium potentiogram as determined for a sample of nuts
obtained under the experimental conditions specified in Table 1.

Table 5. Sensitivity and Detection Limits Values for CSP
Determination of Selenium in Almond at Different Electrolysis Times?

sensitivity detection limit
t(s) (mV-kg/s-ug) (uglkg)
30 375 0.9
120 750 0.2
180 3375 0.1

2 The electrolysis potential was —150 mV, the cathodic current was —30 A,
and the final acquisition potential was =750 mV.

Dugo et al.

Table 6. Sensitivity, Detection Limits, and Correlation Coefficent
Values of CSP Determination of Selenium in Nuts in the
Electrochemical Conditions Described?

almond hazelnut pistachio
sensitivity (mV kg/s zg) 1500 1200 1000
detection limit («g/kg) 0.4 0.5 0.6
correlation coefficent 0.999 0.996 0.997

@The electrolysis potential was =150 mV for 60 s, the cathodic current was
=30 uA, and the final acquisition potential was =750 mV.

Table 7. Percent Difference Calculated with Respect to HGAAS
Selenium Determination

HG-AAS (uglkg) CSP (ug/kg) %
(n=4) (n=14) difference
almond 520+ 6 532+1 +2.3
hazelnut 898+ 8 865+ 1 -3.7
pistachio 850+ 7 893+2 +5.0

of 190—315°C (9, 10). Nevertheless, chemical digestion at 80
°C of the dry, powdered nuts with 70% HNOfollowed by

HCI dissolution of the digested samples, successfully employed
extracted selenium. A further purification of the acid extracts
was achieved by the filtration on the carbon column. The
extraction procedure reproducibilityréble 2), calculated by
extracting in triplicate each nut sample, wa8.9% (expressed

as total rsd %). The recovery tests confirmed that no significant
loss occurred during the whole extraction procedure: the lowest

peak resolution. The selenium peak area and the instrumentakecovery-90.2+ 0.5%—was obtained from pistachio, followed

sensitivity increased with increasing electrolysis time; howgever

by hazelnut (90. A 0.7%) while the highest, 95.3 0.5%,

good resolution and sensitivity were obtained in the range of was from almond (Table 3). Moreover, the absolute percent

30—180 s Table 5). The applied electrochemical conditions
are reported inTable 1. In these conditions, the linear
concentration range was-@000 ng/g. Detection limits were
evaluated using the expressioo/S (22,23): o indicated the
standard deviation of the response (set at 200 mV/s)Savals
the sensitivity obtained from the slope of the calibration curve
(R? = 0.995) (Figure 2); these values are given Table 6.
Instrumental reproducibility, calculated by four determinations
on the same extract, was alway4.0 rsd % Table 2). Sample

differences in the results of the recoveries executed by spiking
the samples at the HN@Qigestion stage (Table 4) provided
evidence that considering the standard deviation range, the
drying step at 180C may cause a 1.0% selenium loss from
almond and a 2.0% selenium loss from hazelnut and pistachio;
this small fraction could be made up by highly volatile
methylated selenium compounds, which are present in some
food and environmental matrixes (225).

Table 7 shows that the results obtained by CSP determination

preparation played an important role in ensuring the accuracy of selenium in nuts, which favorably agreed with the results
of determination, because selenium was present in very low obtained by HGAAS analysis of the same samples; the absolute
concentrations in a complex matrix. A temperature higher than percent difference in the results ranged freiB.7 to 5.0%.

190 °C could not be employed to destroy the organic matrix,

Moreover, the obtained results evidenced that the studied

because most of the inorganic and organic selenium compoundssamples of Sicilian nuts are a good source of selenium

present in food matrixe8) volatilitize in the temperature range
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(Figure 3): the highest content was found in pistachios and

y=25714x + 1242.9
R*=10,9967

\ T T v T

0.2 500 & 02

0.4

|Se[ (ng/g)

0.6 0.8 1 1.2

Figure 2. Calibration curve for selenium determination in nuts, obtained with the addition of two 0.1 mL aliquots of a 5.0 ug/mL standard solution of

Se(lV).
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Figure 3. Mean selenium content of Sicilian samples of nuts.

hazelnuts (about 90@g/kg), and the lowest was found in
almonds (about 500g/kg). These levels are comparable to those
in meat and seafood.

CONCLUSION

The proposed method has been used successfully to determine
trace selenium levels in nuts. The method involves the use of
relatively low sample preparation temperature and does not a7
require a sample preconcentration step, which induces the
selenium losses observed with other methods. CSP is an
accurate, sensitive, and inexpensive technique and can be applied

to other food and biological samples.
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