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1. Introduction

Abstract In this work, various sample preparation procedures, i.e., microwave-assisted acid diges-
tion in a mixture of HNOj; and H,O, solutions, solubilisation in aqua regia or tetramethyl ammo-
nium hydroxide and extraction in diluted HNOj or in HCI, for the determination of the total
content of Ba, Ca, Cd, Cr, Cu, Fe, Mg, Mn, Ni, P, Pb, Sr and Zn in rye crispbread using inductively
coupled plasma optical emission spectrometry were compared. Analytical characteristic was evalu-
ated by comparing the accuracy and precision of the results and limits of detection of elements.
Among these five procedures solubilisation in aqua regia provides the best results, i.e., limits of
detection of elements within 0.12-31.4 ng mL ™!, precision of 0.4-5% and accuracy better than
5%. Additionally, a good agreement between the measured and certified values of the NIST
1567a was found for all elements. The proposed procedure is simple, reduces sample handling
and minimises time and reagent consumption. Thus, it can be alternatively used instead of micro-
wave-assisted acid digestion for routine analysis. Six different rye crispbreads were analysed with
this procedure.

© 2014 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.

in human nutrition results from three basic factors such as
high share of starch, presence of nutrients, i.e., carbohydrates,

Bread is an essential food in human nutrition. It is the most
important product of grain in our diet and the main compo-
nent at the base of the pyramid proper nutrition. Bread is
made of 80% of all cereals produced and is an important
source of energy and building block. The unique role of bread
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fats with a high content of unsaturated fatty acids, proteins
and presence of numerous flavouring substances. In addition,
bread is a great source of vitamins (group B and E), minerals,
antioxidants and contains tolerable dietary fibres which are
essential in our diet (Van Dokkum et al., 1989). Moreover,
the elemental composition of this food product is reflected
by the type of flour used for making bread, and different sub-
stances added during its production, e.g., water, salt, yeast
(Chaoui et al., 2006; Dewettinck et al., 2008).

In recent years growing interest in the consumption of
crispbread has been observed. This type of bread has three
times less calories compared to white bread produced from
wheat flour and can be stored for several months due to low
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content of water. The knowledge about mineral contents of
crispbread is of great importance, since the popularity of these
food products is increasing rapidly. Therefore, determination
of total concentrations of elements in crispbread enables one
to assess its nutritive quality and also helps to judge its possible
ill-effects that may be caused to human health. Assessment of
total concentrations of elements in different bread samples is
primarily performed using spectrochemical methods such as
flame atomic absorption spectrometry (FAAS) (Al-Mussali
and Al-Gahri, 2009; Demir6zii et al., 2003; Hussein and
Bruggeman, 1997; Khaniki, 2005; Winiarska-Mieczan and
Kwiecien, 2011), electrothermal atomic absorption spectrome-
try (ET AAS) (Demirézi et al., 2003; Gawalko et al., 1997;
Jalbani et al., 2007), inductively coupled plasma optical emis-
sion spectrometry (ICP OES) (Giilfen, 2012; Isserliyska
et al., 2001) or inductively coupled plasma mass spectrometry
(ICP MS) (Khouzam et al., 2011, 2012; Nardi et al., 2009).
Unfortunately, samples of crispbread for atomic spectrometry
measurements have to be in the form of aqueous solutions, and
therefore initially prepared, i.e., brought into solution form by
appropriate digestion and/or dissolution treatments. Typically,
decomposition of the matrix of bread samples is carried out by
a conventional hot-plate or microwave-assisted heating of
bread samples with oxidising reagents, including HNOs,
HNO; + H,0,, HNO; + HCIO,4 (Al-Mussali and Al-Gabhri,
2009; Isserliyska et al., 2001; Jalbani et al., 2007; Khouzam
et al., 2011, 2012; Nardi et al., 2009). Except for the men-
tioned wet acid digestion procedures, dry-ashing procedures
are also used at the stage of the sample preparation of
bread before its spectrochemical analysis (Demirdzii et al.,
2003; Winiarska-Mieczan and Kwiecien, 2011). Unfortunately,
although effective, the total wet or dry digestion is time-con-
suming, requires the use of large amounts of concentrated
reagents and can lead to loss of analytes and/or contamination
of samples. Hence, it is worth examining whether simpler alter-
native approaches to sample preparation, considerably dimin-
ishing the time of sample treatment and eliminating all
inconveniences of the digestion step, would find application
in this type of analysis.

The main goal of this work was to compare various sample
preparation procedures and develop a rapid, precise and accu-
rate method for the multi-elemental analysis of rye crispbreads
by ICP OES. To the best knowledge, the present work reports
for the first time results of the analysis of such products
referred to their mineral composition (macro-, micro- and
trace-elements) as well as the comparison of several alternative
sample preparation procedures of rye crispbread samples, i.e.,
solubilisation in aqua regia, tetramethyl ammonium hydroxide
(TMAH), extraction in HNO; or HCI, prior to their analysis
by ICP OES on the content of 13 elements, i.e., Ba, Ca, Cd,
Cr, Cu, Fe, Mg, Mn, Ni, P, Pb, Sr and Zn. The selected pro-
cedure was applied for the analysis of six different rye
crispbreads.

2. Experimental

2.1. Samples

Six rye crispbreads (Chaber, Finn Crisp, Granex, Rymut, Ryvita
and Wasa) were purchased in a local market (Wroclaw,
Poland). Prior to analysis, the rye crispbreads were mixed

and ground in an agate mortar. The particle size of ground
samples was within 200-500 um. Samples were stored in poly-
ethylene containers.

2.2. Reagents

All chemicals were of analytical grade. Concentrated HNO;
(Merck, Darmstadt, Germany) and HCl (POCh, Gliwice,
Poland) solutions, in addition to a 30% (m/v) H,O; solution
(POCh) and tetramethyl ammonium hydroxide (TMAH)
(Sigma—Aldrich, Germany) were used for sample preparation.
Working standard solutions were prepared by dilutions of a
multi-element (1000 pg mL~') ICP standard (Merck). De-ion-
ised water (18.2 MQ cm) was obtained from an EASYpure™
water purification system (Barnstead, Thermolyne Corpora-
tion, USA). Glassware and plastic bottles were cleaned with
a 10% (v/v) HNOj; solution and rinsed several times with de-
ionised water.

2.3. Apparatus

A radial inductively coupled plasma sequential spectrometer
JY38S (Jobin Yvon, France) was used to measure total con-
centrations of Ba, Ca, Cd, Cr, Cu, Fe, Mg, Mn, Ni, P, Pb,
Sr, Zn in all samples and blank solutions. Operating parame-
ters were as follows: 1000 W of RF power, Ar (99.9999%) flow
rates: 13 L min~! of a plasma gas, 0.2 L min~! of a sheath-gas
and 0.25 L min~! of a carrier-gas. Solutions were introduced
into the plasma torch using a Burgener (MiraMist) nebuliser
and a cyclonic type spray chamber at a flow rate of
0.75mL min~!. Analytical lines of Ba II 233.527 nm, Ca I
317.933nm, Cd II 228.802nm, Cr II 267.716 nm, Cu I
324,754 nm, Fe II 259.940 nm, Mg 1 285213 nm, Mn II
259.373nm, Ni II 221.647nm, P 1 214914nm, Pb II
220.353 nm, Sr II 407.771 nm and Zn 1 213.856 nm were
measured.

A Milestone (Italy) high-pressure microwave digestion sys-
tem (MLS-1200 MEGA), equipped with a rotor MDR 300/10,
was used for the microwave-assisted sample decomposition.
An Elpin (Poland) thermostatic water bath shaker (type 357)
and a Polsonic (Poland) ultrasonic cleaning bath with con-
trolled heating and exposition time (frequency: 40 kHz and
power: 2 x 400 W) were used for experiments in which samples
of rye crispbread were treated with aqua regia and TMAH
solutions. A MPW-350 centrifuge (MPW Med. Instruments,
Poland) was used to accelerate the separation of liquid phases
from solid particles.

2.4. Sample preparation procedures

The following sample preparation procedures were tested:
Microwave-assisted digestion (P1): 0.5-g rye crispbread sam-
ples were weighed into Teflon digestion vessels, and 6 mL of a con-
centrated HNOj; solution with 1 mL of a 30%, (v/v) H,O, solution
was added. Samples were subjected to microwave heating with a
maximum power of 600 W for 43 min (step 1: 250 W, 4 min; step 2:
0W, 5Smin; step 3: 250 W, 6 min; step 4: 400 W, 5 min; step
5: 0 W, 5min; step 6: 600 W, 4 min; step 7: 0 W, 5Smin; step
8: 600 W, 4 min and step 9: 0 W, 5 min). After cooling, colourless
sample solutions were quantitatively transferred into 25-mL volu-
metric flasks and made up to the volume with de-ionised water.
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Solubilisation in aqua regia (P2): 0.25-g rye crispbread
samples were weighed into 30-mL polypropylene (PP) centri-
fuge tubes and 2 mL of aqua regia was added. Tubes were
stoppered and resulting mixtures were sonicated in an ultra-
sonic bath for 15 min. Then, they were made up to 25 mL with
de-ionised water and finally, the resulting sample solutions
were centrifuged for 10 min at 14,006g. Supernatants were
taken for determination of elements by ICP OES.

Solubilisation in TMAH (P3): 0.25-g rye crispbread sam-
ples were weighed into 30-mL PP centrifuge tubes and
1.0 mL of a 25% (v/v) TMAH aqueous solution was added.
Tubes were stoppered and resulting mixtures were sonicated
in an ultrasonic bath for 30 min. Then 1 mL of concentrated
HNO; was added and tubes were shaken in water bath at
70 °C for 10 min. Afterwards, the solutions were cooled, made
up to 25 mL with de-ionised water and then centrifuged for
10 min at 14,006g. Supernatants were taken for determination
of elements by ICP OES.

Extraction in HNO3; (P4): 0.25-g rye crispbread samples
were weighted into 30-mL PP centrifuge tubes and 5 mL of a
3.0 mol L™! (m/v) HNOj solution was added. Tubes were stop-
pered and resulting mixtures were sonicated in an ultrasonic
bath at 50 °C for 30 min. Then, mixtures were cooled, made
up to 25 mL with de-ionised water and finally centrifuged for
10 min at 14,006g to remove any solid particles. Supernatants
were taken for determination of elements by ICP OES.

Extraction in HCI (P5): 0.25-g rye crispbread samples were
weighted into 30-mL PP centrifuge tubes and SmL of a
3.0mol L' (m/v) HCI solution was added. Tubes were stop-
pered and resulting mixtures were sonicated in an ultrasonic
bath at 50 °C for 30 min, cooled, made up to 25 mL with de-
ionised water and finally centrifuged for 10 min at 14,006¢ to
remove any solid particles. Supernatants were taken for deter-
mination of elements by ICP OES.

The above procedures (P1-P5) were also applied for
decomposition of the certified reference material (NIST
1567a-Wheat Flour). Wasa was used for comparison of differ-
ent sample preparation procedures. For each sample prepara-
tion procedure tested (P1-P5), three parallel sample solutions
were prepared in addition to respective blank solutions that
were used to correct final results. Then, the chosen sample
preparation procedure was applied to prepare other rye crisp-
bread products before their analysis on the total concentration
of 13 elements by ICP OES against the external calibration
with simple working standard solutions. The sample of each
rye crispbread brand was analysed in triplicate (n = 3). Until
analysis, sample solutions were kept at 4 °C.

2.5. Statistical methods

Statistical analysis of the obtained results was performed
according to t-test at the 95% significance level. The degree
of relationship between concentrations of elements in analysed
rye crispbreads was evaluated by calculating Pearson’s correla-
tion coefficients (r) (Ellison et al., 2009).

3. Results and discussion

Analytical characteristics of the examined sample preparation
procedures prior to element measurements by ICP OES were inves-
tigated. Accuracy was evaluated by comparing total concentrations

of elements in a certified reference material (NIST 1567a)
obtained using different sample preparation procedures. Addi-
tionally, the recovery study was carried out. Precision of the
procedure was determined as the relative standard deviation
(RSD) for three independently prepared samples. Limits of
detection (LODs) were calculated in the standard way (crite-
rion 30) from the expression LOD = 3g/a, where a is a slope
related to sensitivity and ¢ means the standard deviation of the
blank samples for 10 independent measurements.

3.1. Comparison of sample preparation procedures

3.1.1. Accuracy

Accuracy was verified by comparing total concentrations of
elements in a certified reference material (NIST 1567a).
Accordingly the CRM was subjected to all sample preparation
procedures. The comparison of the element determination in
the CRM obtained by different sample preparation procedures
was made using #-test at the 95% significance level of 4.303.

As it can be seen in Table 1, for all the examined elements a
good agreement between obtained data after using microwave-
assisted digestion (P1) and solubilisation in aqua regia (P2) and
the certified values was observed. In the case of solubilisation
in TMAH (P3) for elements such as Cd, Cu, Mg, Mn and Zn
also values comparable to certified ones were received. For these
elements differences in concentrations (measured and certified)
were found to be within the limits of standard deviation uncer-
tainty. Furthermore, the lack of differences between the com-
pared values of the fr-test (feujcwiared < leririca) SUgEESts that
microwave-assisted acid digestion (P1) and solubilisation in aqua
regia (P2) provide comparable results, although procedure 2 is
much faster, easier and enables accurate determination of con-
centrations of studied elements. For the two remaining methods
(P4 and PS5) a lowering of the content of the majority of elements
can be observed. Differences between concentrations of elements
determined in sample solutions obtained after application proce-
dures P4 and PS5 are statistically significant, i.e., values of the cal-
culated parameter ¢ are higher at the critical value. Only in the
case of Cu after application extraction in HNOj3 (P4) statistically
insignificant difference was obtained.

Additionally, the accuracy of all tested sample preparation
procedures was also evaluated by the recovery test. For this
purpose, samples of Wasa rye crispbread were spiked with
known amounts of examined elements at two concentrations
(0.5 and 1.0 pg mL™") and prepared with all tested procedures.
It was established, that independently of the spiked levels,
recoveries of all elements are in the range of 97.0-106%
(P1), 99.1-103% (P2), 95.7-110% (P3), 76.6-117% (P4) and
74.7-114% (P5). As it can be seen, the results achieved for
the two procedures, i.e., microwave-assisted acid digestion
(P1) and solubilisation in aqua regia (P2) lead to practically
quantitative recovery of all elements studied. Also, for these
procedures, slopes of curves from standard additions and
external calibrations were comparable, hence, it can be con-
cluded that matrix effects are not observed in practice. The
recovery results obtained for solubilisation in TMAH (P3),
similarly to the previous results obtained for the CRM, pro-
vide quantitative recoveries only for some elements, i.e., Cd,
Cr, Cu, Mg, Mn, Pb and Zn. Recoveries for extraction in
HNOj; (P4) or in HCI (P5) indicate that they are not suitable
for direct multi-element analysis by ICP-OES.
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elements and could lead to analytical errors during analysis.
These results are confirmed with those obtained for the certi-
fied reference materials analysed by various sample prepara-
tion procedures.

3.2. Application to the analysis of rye crispbread products

Considering the analytical characteristic of sample preparation
procedures (in terms of accuracy, limit of detection and preci-
sion), solubilisation in aqua regia (P2) was found to be the
most suitable prior to multi-element analysis of rye crispbread
products by ICP OES. This procedure was demonstrated to be
a much faster, straightforward and more precise alternative to
wet digestion procedures. Concentrations of 13 elements (in
pg g=') were determined in six different rye crispbread pre-
pared with the aid of solubilisation in aqua regia (P2) and
results of this analysis are presented in Table 4. They are mean
values for three replicates (n = 3) with RSDs.

In all cases, the precision is good and varies from 0.4% (for
Sr in Wasa) to 5.0% (for Ni also in Wasa). In general, the
highest concentrations of elements were found in Finn Crisp
(Cr, Cu, Fe, Mg) and Wasa (Ba, P, Pb, Zn). In contrast, the
lowest contents of elements were found in Ryvita (Ba, Cr,
Mg, Mn, Zn) and Chaber (Ca, Ni, P, Sr). Concentration of
Cd in Finn Crisp and Ryvita is below its LOD.

As it can be seen, Ca, Mg and P are the major mineral con-
stituents of rye crispbreads. Concentrations of macro-elements
increased in the order: Ca < Mg < P. The level of Mg is
about two times higher than that of Ca, except for Granex
for which a different relation is noticed (Ca > Mg). The high-
est content of these elements were detected in Granex (Ca),
Finn Crisp (Mg) and Wasa (P), and the lowest concentrations
were found in Chaber (Ca and P) and Ryvita (Mg). The con-
centration of P is 4 times higher than that of Mg and is from
3 (Granex) up to 8 times higher (Chaber, Finn Crisp) than that
of Ca. The results measured for Ca are in accordance with
those published by Zhao et al. (2013), who determined that
the Ca contents of wheat grains ranged from 359 to 638 ug g~ .
Concentrations of Mg are higher than those obtained by Nardi

Table 2 Limits of detection (in ng mL ') of elements by ICP
OES with different sample preparation procedures: microwave-
assisted digestion in HNO3 with H,O, (P1), solubilisation in
aqua regia (P2) and TMAH (P3), extraction in HNOj3 (P4) and
HCI (P5).

Pl P2 P3 P4 P5
Ba 1.35 1.20 1.68 1.38 1.39
Ca 9.65 6.80 11.1 11.7 17.0
Cd 1.43 1.26 1.48 1.50 2.03
Cr 1.72 0.87 1.46 1.95 1.38
Cu 1.36 0.97 1.16 1.23 1.66
Fe 1.36 1.35 3.49 2.69 3.08
Mg 1.70 2.01 2.67 3.32 2.38
Mn 0.28 0.22 0.46 0.38 0.54
Ni 4.34 2.82 3.26 4.15 6.34
P 129 126 183 143 150
Pb 31.1 31.4 55.3 36.9 36.7
Sr 0.16 0.12 0.20 0.26 0.15
Zn 0.79 0.69 1.09 1.26 1.06

et al. (2009), but significantly lower than those determined by
Zhao et al. (2013).

Concentrations of the trace essential elements (i.e. Cu, Fe,
Mn, and Zn) can be arranged as follows: Cu < Zn <
Mn < Fein Rymut and Ryvita, Cu < Mn < Fe < Zn in Gra-
nex and Wasa, Cu < Fe < Zn < Mn in Chaber and Cu <
Mn < Zn < Fe in the case of Finn Crisp. The content of Cu
is significantly reduced (3.12-4.28 pg g~ ") and is about 1 order
of magnitude lower than those of Fe (27.4-39.5 pgg™"), Mn
(21.7-36.8 pg g~ ") and Zn (21.1-39.8 ug g ).

Results for Cu presented in this study are generally compa-
rable to those determined in Lebanese bread (Khouzam et al.,
2012) and cereals (Tokalioglu and Giirbtiz, 2010). Nardi et al.
(2009) reported a lower Cu value for bread (1.9 ug g~ ') and
wheat samples (0.92 pgg™!), but Demirézi et al. (2003)
obtained mean concentrations of this element in bakeries
which are much higher (22.1 pg g™ '). Contents of Fe in rye
crispbreads are very similar to those obtained by Khouzam
et al. (2012), but higher than those reported by Demir6zii
et al. (2003) and Khouzam et al. (2011). Tokalioglu and
Girbtiz (2010) established that the concentrations of Fe in
Turkish cereals were within 7.48-34.3 pg g~'. Khouzam et al.
(2012) reported the range of Mn and Zn concentrations in
Lebanese bread as 7.5-58.7 and 8.2-40.9 pg g~ ', respectively.

Concentrations of non-essential elements, i.e., Ba and Sr,
are relatively low (1.38-2.67 ugg™! and 1.05-2.80 pgg™",
respectively). The contents of Sr were slightly higher than
those obtained by Nardi et al. (2009) for bread and wheat sam-
ples, but significantly lower than those reported by Zhao et al.
(2013) for wheat grains. In the case of Pb, its concentrations
are high and vary between 1.10 and 4.27 pg g~'. The level of
PDb in rye crispbreads is generally significantly higher than that
published in the relevant literature (Cuadrado et al., 2000;
Demir6zi et al., 2003; Khouzam et al., 2011, 2012; Zhao
et al., 2013). Considering the Commission regulation (EC,
2006), the maximum permissible level of Pb is 0.20 pg g~ for
cereals and pulses. Concentrations of Cr and Ni are very low
and within the following ranges 0.220-0.959 ug g~' (Cr) and
0.214-0.489 pg g~ ' (Ni). Zhao et al. (2013) determined much
higher Cr contents in wheat (3.38-6.49 pg g~"). Contents of
Ni found in this work are consistent with the findings of
Khouzam et al. (2012). Cd was determined in Chaber, Granex,
Rymut and Wasa rye crispbread. The obtained results for Cd
are higher than those previously reported by Demirdzii et al.
(2003) and Cuadrado et al. (2000), but in quite a good agree-
ment with those observed by Zhao et al. (2013).

Differences in the analysed sample could have several rea-
sons such as source of cereals, geographic area, nature of soil
in the place of constituent cultivation and different production
processing.

The degree of relationship between concentrations of ele-
ments in analysed rye crispbreads was evaluated by calculating
Pearson’s correlation coefficients (r). It was found that there is
a very highly positive correlation ( > 0.9) between concentra-
tions of Ca—Sr and Cr—Cu. A highly positive correlation
(r = 0.7-0.9) was observed for concentrations of the following
pairs of elements: Ba—Cd, Ba—Pb, Ba—Zn, Cd-Mg, Cr-Mg,
Cr-P, Cr—Zn, Cu—-Mg, Cu-P, Mg-P and a negative correlation
only for one pair: Mn—Ni. For other couples of elements, posi-
tive or negative correlations were shown and they are moder-
ate (r £0.4 to £0.7), low (r £0.2 to £0.4) or almost
negligible (r 0 to £0.2).
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Table 3 Concentrations (in pug g ') of elements determined by ICP OES in Wasa rye crispbread prepared using different sample
preparation procedures: microwave-assisted digestion in HNO3 with H,O, (P1), solubilisation in aqua regia (P2) and TMAH (P3),

extraction in HNO; (P4) and HCI (P)).

Pl P2 P3 P4 P5
Ba 2.65 (3.4) 2.67 (2.3) 3.22 (3.8) 2.10 (5.5) 1.57 (3.9)
Ca 715 (2.5) 720 (2.4) 922 (6.2) 177 (6.1) 44.6 (11)
cd 0.149 (3.5) 0.151 3.1) 0.181 (12) 0.155 (13) 0.105 (14)
Cr 0.790 (4.0) 0.797 (2.1) 0.798 (15) 0.498 (13) 0.640 (20)
Cu 3.92 (4.2) 3.90 (3.8) 3.94 (4.5) 4.29 (1.2) 2.79 (8.3)
Fe 27.4 (0.80) 27.4 (0.60) 29.6 (1.1) 222 (2.3) 20.8 (3.2)
Mg 1006 (1.8) 1013 (2.0) 1060 (4.1) 820(7.6) 797 (7.9)
Mn 24.4 (0.60) 24.2 (0.50) 24.1 (0.60) 22.0 2.9) 214 (3.1)
Ni 0.483 (11) 0.489 (5.0) 1.23 (12) <LOD* <LOD*
P 4535 (2.1) 4560 (1.8) 3950 (5.4) 3865 (5.5) 3680 (6.1)
Pb 4.30 (5.6) 4.27 (4.6) 435 (6.2) <LOD* <LOD"
Sr 2.84 (3.0) 2.80 (0.40) 4.19 (6.0) 2.24 (5.3) 2.13 (5.2)
Zn 40.0 (2.4) 39.8 (1.8) 41.6 (2.3) 35.6 (3.0) 34.4 (2.7)

Clear, colourless
solution with a small

Clear, colourless
solution without

Digestion quality

Yellow solution
with undissolved

Yellow solution
with undissolved

Greenish solution
with a large amount

undissolved residues amount of undissolved of undissolved residues residues residues
residues
Average values (n = 3) with relative standard of deviation (RSD) in brackets.
# Below the limit of detection.
Table 4 Concentrations of elements in analysed rye crispbreads.
Concentration, pg g~ "
Chaber Finn Crisp Granex Rymut Ryvita Wasa
Ba 1.90 (1.7) 1.74 (1.3) 1.58 (2.5) 2.16 (1.9) 1.38 (3.3) 2.67 (2.3)
Ca 371 (2.2) 520 (2.8) 1065 (4.1) 580 (1.9) 555 (1.8) 720 (2.4)
Cd 0.110 (3.6) <LOD* 0.036 (4.8) 0.166 (4.4) <LOD* 0.151 (3.1)
Cr 0.314 (3.5) 0.959 (2.4) 0.257 (3.5) 0.365 (2.4) 0.220 (2.9) 0.797 (2.1)
Cu 3.43 (1.4) 4.28 (3.0) 3.12 (1.2) 337 (3.7) 3.31 (4.0) 3.90 (3.8)
Fe 29.1 (2.6) 39.5 (2.1) 31.1 (2.8) 37.9 (2.9) 28.9 (1.6) 27.4 (0.6)
Mg 877 (1.3) 1055 (1.0) 895 (1.6) 1035 (2.8) 859 (3.4) 1013 (2.0)
Mn 36.8 (2.9) 322 (3.7) 29.2 (1.6) 35.7 (1.1) 21.7 (1.3) 24.2 (0.5)
Ni 0.214 (1.2) 0.368 (2.1) 0.367 (2.4) 0.379 (2.1) 0.521 (3.2) 0.489 (5.0)
P 2934 (1.4) 4210 (1.6) 3180 (1.5) 3705 (1.7) 3570 (2.6) 4560 (1.8)
Pb 1.70 (1.9) 1.18 (3.3) 1.77 (4.1) 1.10 (3.6) 1.26 (3.9) 4.27 (4.6)
Sr 1.05 (1.5) 1.89 (1.7) 4.23 (1.5) 1.29 (1.6) 1.48 (1.5) 2.80 (0.4)
Zn 29.8 (2.3) 34.9 (3.0) 31.5 (2.5) 30.1 (2.2) 21.1 (3.6) 39.8 (1.8)

Average values (n = 3) with relative standard of deviations (RSDs) in brackets.

% Below the limit of detection.

4. Conclusion

This work demonstrates for the first time the comparison of
various sample preparation procedures (conventional and
alternative) and their applicability for the determination of
total concentrations of 13 elements by ICP OES in crispbreads.
The sample preparation procedures developed based on partial
decomposition in aqua regia are easy, time-saving, give good
results, reproducible, dependable, reliable for determination
of total concentrations of Ba, Ca, Cd, Cr, Cu, Fe, Mg, Mn,
Ni, P, Pb, Sr and Zn. Additionally, the results with the pro-
posed procedure were comparable to those obtained using
the usual method of sample preparation by digestion in the

mixture of concentrated HNOz/H,0,, and therefore can be
recommended as an alternative approach to conventional sam-
ple treatment. Differences in these values evaluated using 7-test
at a confidence level of 95% were not statistically different.
Moreover, this simple sample handling can be successfully
used for routine analysis to perform the process of quality con-
trol of rye crispbread by ICP OES.
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