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bstract

This work presents the development of a methodology for the determination of Cu, Fe, Mn and Zn in samples of multivitamin/multimineral
ablets, by flame atomic absorption spectrometry (FAAS), after extraction of the analytes with diluted hydrochloric acid solution. Several parameters
hat could influence the extraction process such as acid extraction solution concentration and nature, mixing mode (ultrasonic or magnetic stirring),
xtraction time and sample composition were evaluated. The obtained results showed that Fe, Mn and Zn were easily extracted with 1 mol/L HCl
olution after 5 min of mixing with either ultrasonic or magnetic stirring for all studied samples. On the other hand, Cu extraction appeared to
e more complex since it could only be extracted at the same conditions for silicate-free samples. For samples containing silicates the time of
ontact between solid sample and extraction solution presented remarkable influence, being necessary up to 12 h to achieve quantitative recovery

ith 1 mol/L HCl solution. The developed methodology was applied in the determination of Cu, Fe, Mn and Zn in seven commercially available
ultivitamin/multimineral tablets. The results obtained with the developed method were compared with those obtained after total digestion of

amples using a closed-vessel microwave oven device.
2006 Elsevier B.V. All rights reserved.
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. Introduction

The utilization of multivitamin or multimineral preparations
s widespread nowadays. It has been estimated that approxi-

ately 40% of the United States population consumes vitamin
nd/or mineral preparations [1]. Multivitamin preparations can
ontain several elements and many vitamins and/or pro-vitamins
n concentrations varying from few to thousands of �g g−1.
opper, Fe, Mn and Zn are essential elements present in most
f multivitamin/multimineral formulations due to their physio-

ogical importance and biological roles [2,3]. The development
f reliable methods for the determination of elements in these
upplements is an important issue because of their widespread

∗ Corresponding author. Tel.: +55 21 2629 2222; fax: +55 21 2629 2143.
E-mail address: cassella@vm.uff.br (R.J. Cassella).
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onsumption. Several analytical techniques and different strate-
ies for sample preparation have been used for such purpose
2–10].

Sample preparation still represents the most sensitive and
ime-consuming step in most analytical procedures. Only total
igestion enables the determination of total metallic content in
ifferent types of samples. In spite of its versatility total digestion
xhibits some drawbacks depending on the experimental proce-
ure utilized. Dry ashing procedures are very simple to perform
ut some elements can be lost by volatilization. In turn, wet acid
igestion is faster than dry procedures but requires large amounts
f reagents and constant supervision [11]. Analyses of multivi-
amin/multimineral samples have usually been performed after

otal digestion of samples. Canfranc et al. [9] determined Fe and

o in pharmaceutical preparations by flame atomic absorption
pectrometry (FAAS), after dry ashing of samples at 600 ◦C.
o volatilization of the analytes under study was observed at

mailto:cassella@vm.uff.br
dx.doi.org/10.1016/j.jpba.2006.06.009
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his temperature. Hight et al. [4] utilized boiling acids and acid
ixtures containing HNO3, HClO4, H2SO4 and H2O2 for total

issolution of dietary supplements before measurement of 36
lements in 42 samples. A multicommutation flow system was
eveloped for the spectrophotometric determination of Fe, Zn,
a and Mg in multivitamin samples. Total acid digestion of sam-
les was carried out with a mixture of concentrated HNO3 and
ClO4 [6,7].
Closed-vessel microwave-assisted digestion of solid sam-

les with concentrated acids or acid mixtures has also been
mployed in several studies for the determination of metallic
lements in complex matrices [12–16]. The main advantages of
losed-vessel microwave-assisted digestion are the high relative
peed, low possibility of contamination and the minimum loss
f volatile elements. However, the high cost of instrumentation
eems to be an important limitation. This technique has also been
uccessfully applied in sample preparation for the determination
f Cr and other elements in multivitamin/multimineral supple-
ents [8]. Also, microwave radiation was used as energy source

or the decomposition of 95 dietary supplement products and
IST reference materials with concentrated nitric acid aiming

he determination of As, Cd, Hg and Pb [5].
Application of extraction procedures has gained a consid-

rable space in the field of sample preparation [11,17]. Some
dvantages such as low cost, high speed, possibility to process a
arge number of samples simultaneously and low requirements
n terms of personal supervision are observed when this kind
f procedure is applied. Although these advantages, only a few
orks were found reporting the use of extraction approaches for

lemental determination in multivitamin tablets [10].
Present work was focused on the study of the extraction of

u, Fe, Mn and Zn from multivitamin/multimineral preparations
sing diluted acid solutions followed by their determination by
AAS. Different approaches such as ultrasonic and magnetic
tirring mixing were tested to carry out the extraction. Extrac-
ion efficiencies were calculated considering data obtained by

icrowave-assisted digestion with concentrated HNO3 as the
otal content of metals in the samples.

. Experimental

.1. Apparatus

A Perkin-Elmer Analyst 100 atomic absorption spectrome-
er (Norwalk, CT, USA) equipped with single hollow cathode
amps for measurements of Cu, Fe, Mn and Zn were used. The
quipment was operated at standard conditions recommended
y the manufacturer for each element determination.

A DGT-100 Plus microwave oven from Provecto (Jundiaı́,
razil) was used for total digestion of samples through a four-

tep program.
Ultrasound-assisted extraction was performed in an ultra-

onic bath with constant frequency of 40 MHz from Lab-Line

nstruments (Melrose Park, IL, USA), model 9332.

A magnetic stirrer Quimis (Rio de Janeiro, Brazil), model Q-
21 was also employed for sample extraction. A stirring velocity
f approximately 300 rpm was applied in all cases.

o
m
a
b
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.2. Reagents and solutions

Analytical grade concentrated acids (HCl and HNO3 from
erck, Rio de Janeiro, Brazil) were used without further purifi-

ation. All solutions used in the experimental work were pre-
ared by using purified water obtained in a Milli-Q Water System
Millipore, Bedford, MA, USA).

Individual solutions containing the elements of interest were
repared by adequate dilution of 1000 mg/L stock standard solu-
ions of each element (Merck, Darmstadt, Germany).

.3. Sample preparation procedures

.3.1. Solid sample pretreatment
Solid multivitamin/multimineral preparations were pur-

hased from the local market. Prior to analysis, a set with 20
ablets was manually grinded with an agate mortar and pestle,
omogenized and sieved through a 1 mm pore diameter plastic
ieve.

.3.2. Total digestion of samples
Total digestion of samples was carried out by mixing approxi-

ately 0.12 g of the sample with 5 mL of concentrated nitric acid
irectly in the vessels of the microwave oven. The vessels were
losed, adjusted in the oven cavity and submitted to the follow-
ng four-step heating program: (1) 2 min irradiation at 300 W
ower; (2) 5 min irradiation at 720 W power; (3) 5 min irradia-
ion at 200 W power and (4) 2 min standing. After cooling, which
ook approximately 30 min, the vessels were opened and their
ontents were quantitatively transferred into 100 mL volumetric
asks. The volumes were made up to the marks with purified
ater and the solutions obtained were filtrated when necessary.
he concentrations of the metals of interest were determined in

he solution after suitable dilutions to fit working linear ranges.

.3.3. Ultrasonic and magnetic stirring extractions
Portions of 0.12 g of multivitamin/multimineral preparations

ere accurately weighed, mixed with 20 mL of 1 mol/L HCl
olution and agitated for 5 min using ultrasonic bath or mag-
etic stirring. After this, the suspension was filtrated and metals
oncentrations were determined by FAAS. When necessary, the
btained solutions were diluted to fit working linear ranges.

.3.4. Overnight standing extraction
Portions of 0.12 g of the samples were mixed with 20 mL

f 1 mol/L HCl solution and stirred for 5 min. The resulting
uspensions were left to stand for 12 h and then filtrated. The con-
entrations of metals of interest were determined in the extracts
fter suitable dilutions.

. Results and discussion

The main goal of this work was to develop a methodol-

gy for the extraction of Cu, Fe, Mn and Zn from multivita-
in/multimineral tablets employing diluted acid solutions, as an

lternative to the total digestion of samples that has many draw-
acks [3,4]. For this task, a systematic study was performed
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n order to evaluate the influence of parameters such as: (a)
xtraction mode (ultrasonic-assisted or magnetic stirring); (b)
xtraction time; (c) acid concentration and nature and (d) ultra-
onic power.

c
m
m

ig. 1. Effects of extraction time, HCl concentration [(�) 0.01 mol/L, (�) 0.05 mol/L
nd B, D, F and H = magnetic stirring) in the extraction of Cu, Fe, Mn and Zn from th
d Biomedical Analysis 43 (2007) 304–310
Prior to the evaluation of extraction conditions, the total
ontents of Cu, Fe, Mn and Zn in a sample of multivita-
in/multimineral tablet were determined using a closed-vessel
icrowave-assisted method with concentrated HNO3 [4,5,11].

, (©) 0.1 mol/L and (�) 1 mol/L] and mixing mode (A, C, E and G = ultrasonic
e reference sample.
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Table 1
Found and labeled concentrations (mg g−1) of the metals in the sample taken as
reference used in the study

Elementa Concentration found (mg g−1)b Labeled value (mg g−1)

Cu (n = 4) 1.24 ± 0.04 (3.2%) 1.33
Mn (n = 6) 1.32 ± 0.04 (3.0%) 1.36
Fe (n = 6) 12.2 ± 0.5 (4.1%) 12.3
Zn (n = 6) 9.87 ± 0.03 (3.4%) 10.2

Presented results are the means ± standard deviations.
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The number between parentheses indicates the number of independent deter-
inations.
b Relative standard deviations are between parentheses.

he obtained values (Table 1) were taken as reference to derive
xtraction efficiencies in all further studies.

The first experiment that was performed to establish the best
xtraction condition was based on the simultaneous study of the
oles of extraction mode (ultrasonic-assisted and magnetic stir-
ing), extraction time and acid concentration and nature (HCl and
NO3). The results obtained with HCl are shown in Fig. 1(A–H).

t is important to stress that this experiment consisted of the
xtraction of approximately 0.12 g of a powdered reference sam-
le with 20 mL of 0.01, 0.05, 0.10 and 1.0 mol/L HCl solutions
or times between 10 s and 10 min. The extraction mode showed
o remarkable influence on the extraction process, since the
rofiles of the curves for each metal were very similar when
ltrasonic-assisted and magnetic stirring extractions were com-
ared. Therefore, it is possible to conclude that the cavitation
rocess (characteristic of the ultrasonic extraction) does not play
n important role on the extraction of any of the metals under
tudy. Also, it can be deduced that the ultrasonic bath, in this
ase, could only be considered as a device for mixing of the
uspension, being responsible to increase the contact between
olid sample and acid solution, similar to magnetic stirring.

On the other hand, HCl concentration seems to be more
mportant for the extraction process of Fe and Zn, since highest
ecoveries were obtained with the increase of HCl concentra-
ions. In these cases, quantitative recovery (higher than 90%)
as only verified when 1 mol/L HCl was employed. The behav-

or of Mn was a little different, since quantitative recoveries
ere verified even to acid concentrations equal or higher than
.05 mol/L. Also, higher amounts of Mn than Cu, Fe or Zn were
xtracted from the solid when the lowest concentration of HCl
0.01 mol/L) was used, indicating that this element is weakly
onded to the solid matrix when compared to the others. How-
ver, Cu presented a quite different behavior, not being extracted
t appreciable amounts (no more than 18%) in any of the eval-
ated conditions.

Another test was carried out replacing HCl by HNO3, which
s a stronger oxidizing agent. In this experiment, total acid con-
entration (HNO3 or HNO3 + HCl) was always maintained at
mol/L. No change in the behavior of any of the studied ele-
ents was observed in relation to HCl, evidencing that the ion

+ could be responsible for the extraction of metals in a process

imilar to ionic exchange. Also, the results indicate that, in this
ind of sample (or in this sample specifically), Cu is strongly
onded to the solid phase – different from Fe, Mn and Zn – or

3

e

ig. 2. Effect of silicate on the extraction of Cu, Fe, Mn and Zn from samples.

hat the kinetic involved in the Cu releasing from the solid phase
s slower than for the others. In terms of extraction time, exclud-
ng Cu that is not appreciably extracted in the tested conditions,
ll elements are readily extracted at the first 5 min when 1 mol/L
Cl and either ultrasonic or magnetic stirring are used.
Taking into account that the poor Cu extraction could be

elated to sample composition, the influence of silicate was
nvestigated. This component was chosen since it appears in
arge amount in the sample taken as reference, as an inert con-
omitant, while some other commercial samples searched in the
arket do not present it in their composition. For this task, the
etals under study were extracted from a sample containing

ilicate (reference sample), from a similar sample not contain-
ng silicate (also analyzed in terms of the total metals content)
nd from a mixture of both samples in a 1:1 ratio. The results
btained in this study are shown in Fig. 2. Such results clearly
how that the presence of silicate reduces Cu extraction from the
amples, since in the sample containing silicate Cu recovery was
pproximately 10 times lower than that observed for the sample
ree of silicate. This phenomenon was not observed for the other
etals under study.
The effect of the applied power of the ultrasonic was also

xamined in the range of 20–120%. This parameter showed no
elevant influence on the recoveries of Fe, Mn and Zn, while
resented a little effect on Cu extraction, increasing the recov-
ry from 9% up to approximately 18%, which is not enough
o quantitative analysis of this element. This observation rein-
orces the previously raised hypothesis that cavitation does not
ave significant influence on the extraction of this kind of sample
s previously stated [17].

On the base of the obtained results, a condition (5 min mix-
ng using ultrasonic or magnetic stirring with 1 mol/L HCl as
xtractor) was established for the determination of Fe, Mn and
n and further studies were focused on Cu extraction.
.1. Evaluation of copper extraction

The problem of Cu extraction from multivitamin tablets was
vident in the previous experiments. In order to achieve Cu



308 S. Soriano et al. / Journal of Pharmaceutical and Biomedical Analysis 43 (2007) 304–310

Table 2
Analytical features of the developed procedure

Parameter Element

Cu Fe Mn Zn

Typical calibration linea A = (0.078 ± 0.002)
Cu + (0.001 ± 0.001)

A = (0.050 ± 0.002)
Fe + (0.002 ± 0.001)

A = (0.188 ± 0.007)
Mn + (0.005 ± 0.003)

A = (0.309 ± 0.003)
Zn + (0.012 ± 0.003)

Correlation coefficient 0.9999 0.9998 0.9997 0.9997
Limit of detection (�g g−1) 8.56 16.7
Limit of quantification (�g g−1) 28.5 55.6

a Concentrations of metals are in mg L−1.
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Cu recoveries presented remarkable increase, reaching values of
62.4 and 83.7% for 1 and 4 mol/L HCl solutions, respectively.
Such results denoted that the time of contact between sample

Table 3
Results obtained in the analysis of commercial multivitamin/multimineral tablets

Sample Procedure

MS US 12 h TD

Cu
A 0.72 ± 0.06 0.77 ± 0.04 0.81 ± 0.01 0.83 ± 0.02
B 1.97 ± 0.03 1.94 ± 0.05 2.06 ± 0.02 2.03 ± 0.01
C 0.65 ± 0.02 0.87 ± 0.03 0.74 ± 0.01 0.86 ± 0.06
D 0.20 ± 0.07 0.26 ± 0.08 0.91 ± 0.06 0.95 ± 0.13
E 0.16 ± 0.04 0.21 ± 0.02 1.25 ± 0.01 1.24 ± 0.03
F 0.89 ± 0.02 0.83 ± 0.07 0.89 ± 0.08 0.89 ± 0.01
G 0.69 ± 0.06 0.70 ± 0.05 0.76 ± 0.06 0.71 ± 0.07

Fe
A 5.82 ± 0.18 6.51 ± 0.73 5.43 ± 0.26 5.72 ± 0.59
ig. 3. Effect of HCl concentrations on Cu recovery from reference sample.
amples were extracted by magnetic stirring for 5 min and filtrated after 1 h
tanding time (gray bars) and just after extraction (white bars).

uantitative extraction from the sample containing silicate, the
nfluence of HCl concentrations higher than 1 mol/L was eval-
ated. This study was carried out employing magnetic stirring
s mixing mode and applying the previously established con-
itions (5 min extraction time, 0.12 g of sample and 20 mL of

olutions containing 1, 2 and 4 mol/L HCl). The effect of stand-
ng time of the suspension between mixing and filtration was
lso evaluated, filtration being tested just after mixing and 1 h
fter mixing. As can be seen in Fig. 3, the increase of HCl con-

ig. 4. Recoveries of Cu, Fe, Mn and Zn in standing solutions of 1 mol/L HCl
after 5 min magnetic stirring of the suspension) along a 24 h study. Zero time
orresponds to only 5 min magnetic stirring of the suspension.

M

Z

R
p
p
1

12.4 11.3
41.2 37.7

entration did not show an important influence on Cu extraction,
lthough its recovery was increased from 9.6 to 29.4%, which
s not sufficient for Cu determination in the samples. However,
hen the suspension was left to stand for 1 h before filtration,
B 0.28 ± 0.02 0.27 ± 0.04 0.34 ± 0.02 0.41 ± 0.01
C 8.13 ± 0.29 9.21 ± 0.14 8.80 ± 0.03 9.51 ± 0.05
D 2.69 ± 0.42 2.93 ± 0.17 2.91 ± 0.32 2.92 ± 0.40
E 11.4 ± 0.4 10.9 ± 0.5 12.1 ± 0.9 11.7 ± 0.1
F 32.7 ± 1.4 32.7 ± 3.2 32.5 ± 1.8 31.6 ± 2.4
G 6.00 ± 0.63 6.48 ± 1.18 7.56 ± 2.54 6.26 ± 0.96

n
A 0.39 ± 0.02 0.46 ± 0.05 0.41 ± 0.02 0.49 ± 0.06
B 0.29 ± 0.03 0.33 ± 0.01 0.29 ± 0.01 0.31 ± 0.01
C 0.20 ± 0.01 0.27 ± 0.02 0.22 ± 0.02 0.33 ± 0.01
D 1.54 ± 0.11 1.68 ± 0.12 1.65 ± 0.02 1.61 ± 0.06
E 1.29 ± 0.01 1.29 ± 0.06 1.28 ± 0.04 1.28 ± 0.01
F 0.56 ± 0.01 0.54 ± 0.03 0.56 ± 0.01 0.52 ± 0.02
G 0.45 ± 0.05 0.42 ± 0.03 0.47 ± 0.04 0.41 ± 0.03

n
A 0.77 ± 0.06 0.75 ± 0.06 0.71 ± 0.05 0.76 ± 0.05
B 13.4 ± 0.3 15.7 ± 0.6 12.9 ± 1.2 15.8 ± 0.8
C 0.35 ± 0.01 0.37 ± 0.03 0.35 ± 0.03 0.44 ± 0.02
D 9.05 ± 1.14 9.63 ± 0.59 8.88 ± 0.04 9.66 ± 1.46
E 9.53 ± 0.11 9.30 ± 0.29 9.14 ± 0.33 9.03 ± 0.18
F <LOQ <LOQ <LOQ <LOQ
G 0.45 ± 0.02 0.52 ± 0.10 0.87 ± 0.10 0.81 ± 0.10

esults are expressed in mg g−1 (mean ± standard deviation for three inde-
endent determinations). Samples D and E contain silicates in their com-
osition. MS = magnetic stirring extraction, US = ultrasound extraction and
2 h = overnight standing extraction.
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Table 4
Comparison between all studied approaches studied for the determination of each me

Comparison Equation

Cu Fe

US vs. TD y = 0.553x + 0.6319, r = 0.698 y = 0.967x + 0.196, r = 0.9
MS vs. TD y = 0.534x + 0.669, r = 0.711 y = 0.957x + 0.570, r = 0.9
12 h vs. TD y = 0.951x + 0.065, r = 0.994 y = 0.969x + 0.088, r = 0.9
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S = ultrasound-assisted extraction, MS = magnetic stirring extraction, 12 h = ov

nd extracting solution could play a more important role than
cid concentration in Cu extraction.

In order to study in detail Cu release from the sample con-
aining silicate an “elution experiment” was performed. In such
xperiment, the extraction of Cu was carried out by the estab-
ished conditions. Then, the obtained suspension was filtrated
nd 20 successive fractions of 5 mL of the filtrate were col-
ected. Additional volumes of 1 mol/L HCl solution were added
o the filter paper in order to maintain a constant solution level in
he filter and, consequently, to maintain the filtration flow rate.
he amount of Cu in each fraction was determined and cumula-

ive recoveries were calculated by summing those amounts. By
sing ultrasonic mixing, Cu recovery (89.6%) was higher than
agnetic stirring (44.7%) one. This probably occurred because

f the long time required to accomplish the filtration of the sus-
ensions yielded from ultrasonic mixing, which was 196 min
nd only 83 min after magnetic stirring. After performing these
tudies, it was possible to conclude that the most important vari-
ble for Cu extraction was the time of contact between sample
nd acid solution. This way, an experiment was carried out to
stablish how long this contact must be maintained. For this pur-
ose, 0.12 g of sample were mixed with 20 mL of 1 mol/L HCl
olution and stirred for 5 min. Then, the suspensions were left
o stand from 0 to 24 h before filtration. After this, each sus-
ension was filtrated and Cu, Fe, Mn and Zn recoveries were
alculated after measurement of their concentrations in the fil-
rate. The results are shown in Fig. 4. As expected, Fe, Mn and Zn
ere readily extracted and quantitative recoveries were obtained
hen filtration and measurement were performed just after mix-

ng. However, total release of Cu from sample was noted only
fter 8 h of contact. Nevertheless, in order to ensure total release
f Cu even for samples containing higher concentrations of this
lement, a time of contact of 12 h (overnight) was established
or the methodology.

. Analytical features

After performing all studies, it was verified that the Cu deter-
ination in multivitamin tablets could be carried out by main-

aining the powdered sample in contact with 20 mL of 1 mol/L

Cl solution by 12 h. On the other hand, the quantitative deter-
ination of Fe, Mn and Zn could be achieved by stirring or

onicating the powdered sample with the same solution for only
min. The analytical features of the methodology, obtained at

hese conditions, are shown in Table 2.

i
t
k
f
t
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tal in samples of multivitamin/multimineral tablets

Mn Zn

99 y = 0.948x + 0.0315, r = 0.998 y = 0.991x + 0.092, r = 0.999
98 y = 0.982x + 0.045, r = 0.992 y = 1.100x − 0.069, r = 0.992
98 y = 0.943x + 0.050, r = 0.994 y = 1.155 − 0.2425, r = 0.992

ht standing extraction and TD = total digestion with microwave oven.

. Application

In order to demonstrate the applicability of the developed
ethodology in the quality control of multivitamin/multimineral

ablets, it was applied for the determination of Cu, Fe, Mn and Zn
n different samples purchased in the local market. The results
or this experiment are shown in Table 3.

As can be seen from the results, the utilization of a 12 h extrac-
ion (after 5 min stirring of the suspension for homogenization)
as enough to promote total release of the analytes from all

amples. However, when 5 min of magnetic stirring or sonication
ere employed, Cu was only totally recovered from silicate-free

amples, while the other analytes were quantitatively recovered
rom all samples evaluated.

In order to compare the results obtained by applying differ-
nt extraction strategies with total digestion, a correlation test
as performed (Table 4). For Fe, Mn and Zn, the slopes of the
erived curves and their correlations were always close to unity,
ndicating that there is no statistical difference in the results
btained between tested methods. However, in the case of Cu,
his situation was only verified, as expected, when a overnight
tanding extraction (12 h) was compared to total digestion. This
ccurs due to the strong influence of the presence of silicates on
he ultrasonic and magnetic stirring extractions.

. Conclusions

Through obtained results in this study it is possible to con-
lude that extraction with diluted acid (1 mol/L HCl) is a good
lternative to total (or partial) digestion of samples for the deter-
ination of Cu, Fe, Mn and Zn in multivitamin/multimineral

reparations.
For any kind of sample, quantitative extraction of Fe, Mn

nd Zn is achieved by sonicating or stirring the suspension
solid sample + extraction solution) for only 5 min, indicating
hat these elements are weakly bonded to the solid matrix.
evertheless, for Cu, the time of contact between sample and

xtracting solution and sample composition showed to be the
ost important parameters in the selection of the extraction strat-

gy. In this case, for samples containing silicates Cu is extracted
f the contact between sample and extraction solution is main-

ained for times as high as 12 h, indicating that there is a slow
inetics regulating the Cu releasing process. On the other hand,
or samples not containing silicates, the same strategy used for
he other analytes can be applied.
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The mixing mode (ultrasonic or magnetic stirring) has not
howed relevant effect on the extraction process, indicating that
he major role of ultrasonic energy in the preparation of such
amples only relies in the improvement of the contact between
he extraction solution and the solid sample.
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