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Abstract Cabbage (Brassica oleracea) is a vegetable food
that is found in red and white varieties, and it has been
consumed worldwide as raw or cooked. In this paper, the
mineral composition of cabbage collected in 24 Brazilian
cities was determined and the results were evaluated using
multivariate analysis. The samples were digested using
nitric acid and hydrogen peroxide and were analyzed using
inductively coupled plasma optical emission spectrometry.
The accuracy of the method was confirmed by analysis of a
certified reference material of spinach leaves, furnished by
National Institute of Standard and Technology. The study
involved 55 samples, being 31 of the white specie and 24 of
the red specie. The results expressed as milligrams of
element per kilogram of sample demonstrated that the
concentration ranges varied from 1,602.9 to 4,068.3 for
potassium, 217.5 to 766.2 for phosphorous, 221.9 to 744.7
for calcium, 67.2 to 286.0 for magnesium, 0.81 to 4.40 for
manganese, 1.91 to 8.60 for iron, 0.01 to 0.24 for
molybdenum, 1.17 to 5.10 for zinc, 27.2 to 591.0 for
sodium, and 0.35 to 5.79 for strontium. The principal
component analysis and hierarchical cluster analysis
evidenced that the mineral composition of the red specie
is not different of the white specie.
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Introduction

The analyses of fruits, leaves, and roots that are used as food
for humans are often required. The determination of organic
and inorganic nutrients in some cases may reveal the
nutritional potential of new plants, as well as contribute to
the formulation of food composition tables, which are used by
nutritionists and doctors (Candeias et al. 2009; Borah et al.
2009). This way, many studies involving determination and
evaluation of food composition have been performed with
this objective (Uluozlu et al. 2007; Divrikli et al. 2003;
Richert and Sneddon 2008). Aberoumand determined the
content of potassium, sodium, calcium, iron, and zinc in
Portulaca oleracia L. leaves and stem. The results indicated
that leaves and stem of this vegetable can be used as
nutritional supplement (Aberoumand 2009). Thriveni et al.
performed a method employing differential pulse adsorptive
stripping voltammetry for the determination of phenothrin in
agricultural formulations, vegetables, and storage bags of
wheat and rice (Thriveni et al. 2009). Sharma used 2,6-bis(1-
hydroxy-2-naphthylazo)pyridine as spectrophotometric
reagent for the determination of zinc in milk samples
(Sharma and Singh 2009). Saleh et al. proposed a method
using slurry sampling and electrothermal atomization atomic
absorption spectrometry for the determination of zinc in fish
feed and feces (Saleh et al. 2009). Salahinejad and Aflaki
determined aluminum, arsenic, lead, chromium, cadmium,
nickel, iron, zinc, copper, manganese, calcium, and magne-
sium in black tea leaves and their tea infusions. The
extraction efficiency of each element into tea infusions was
also evaluated (Salahinejad and Aflaki 2010).
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Principal component analysis (PCA) and hierarchical
cluster analysis (HCA) are multivariate analysis techniques
(Sharaf et al. 1986; Correia and Ferreira 2007), which in the
last years have often been employed for evaluation and
characterization of analytical results (Nuzzi et al. 2008; do
Nascimento et al. 2010; Korhonova et al. 2009). Feliciano et
al. employed PCA for characterization of the phenolic
content and antioxidant activity of moscatel dessert wines
from the Setubal region in Portugal. This chemometric tool
allowed the groupings of the samples in terms of both
winemaking producer and vintage (Feliciano et al. 2009).
Lima et al. used PCA and HCA for homogeneity evaluation
during the preparation of a wheat flour laboratory reference
material for inorganic analysis (Lima et al. 2010). Ferreira et
al. determined the mineral composition of kale. PCA and
HCA revealed different mineral compositions of the samples
collected in the summer and winter. Samples collected in the
winter have a higher concentration of micronutrients (iron,
zinc, and manganese) and macronutrients (calcium and
magnesium). The average contents (wet weight and mg per
100 g) for the winter and summer were 551 and 535 for
calcium; 117 and 106 for magnesium; 2.13 and 1.48 for iron;
2.63 and 1.95 for zinc, and 2.05 and 1.34 for manganese,
respectively (Fadigas et al. 2010). Gromboni et al. compared
the sample preparation procedures: photo-Fenton reaction,
microwave irradiation and direct determination for the
quantification of barium, calcium, potassium, magnesium,
manganese, sodium, and strontium in several fruit juices
(passion fruit, pineapple, orange, and grape). The evaluation
of the analytical results was performed using PCA and HCA
(Gromboni et al. 2010). Pasias et al. determined the content
of vanadium, chromium, copper, cobalt, selenium, strontium,
tin, antimony, barium, bismuth, lead, cadmium, arsenic,
nickel, manganese, iron, magnesium and zinc in leaves,
flowers, and infusion of Salvia fruticosa. Chemometric
techniques were used to investigate the original site
classification according to their elemental content, and it

was proved that the initial cultivation sites were character-
ized by only five elements (antimony, vanadium, zinc,
cadmium, and chromium). The application of factor analysis
revealed significant correlation between certain elements,
denoting their common sources (Pasias et al. 2010).

Cabbage (Brassica oleracea) is a vegetable food,
consumed worldwide as raw or cooked and, it is found in
the red and white varieties. This paper had as objective the
determination and evaluation of the mineral composition of
cabbage. The nutrients calcium, phosphorous, potassium,
magnesium, sodium, iron, manganese, molybdenum, stron-
tium, and zinc were determined employing inductively
coupled plasma optical emission spectroscopy (ICP OES).
Samples of 24 Brazilian cities were collected. The results
were evaluated using the multivariate analysis techniques
PCA and HCA.

Experimental

Instrumentation

A Varian model Vista PRO inductively coupled plasma
optical emission spectrometer (Mulgrave, Australia) with
axial viewing and a charge-coupled device detector was
used for multi-element determination. A Sturman–Master
chamber and a V-Groove nebulizer were also used. The
metal determinations were carried out under the followings
instrumental conditions: power (1.3 kW), plasma gas flow
(15.0 Lmin−1), auxiliary gas flow (1.5 Lmin−1), and
nebulizer gas flow (0.8 Lmin−1). The elements and the
analytical wavelengths used for quantification were: Ca II
(422.673), P I (177.434), K (766.491), Mg II (285.213), Na
I (589.592), Fe II (238.204), Mn II (257.610), Mo II
(277.539), Sr II (421.552), and Zn II (334.502).

Chemicals and Reagents

All chemical reagents used in the experiment were of
analytical grade. Ultra pure water (18.2 MΩ cm−1) from a
Milli-Q system (Millipore, MA, USA) was used to prepare
all solutions. Glass apparatus used were maintained in nitric
acid solution (10% v/v) during 12 h for decontamination
prior to use.

Stock standard solutions for all elements (Merck, Darmstadt,
Germany) with a concentration of 1,000 mgL−1 were used for
preparing working standard solutions by appropriate dilution
of these solutions with 1% (v/v) nitric acid.

Sample Collection and Storage

The samples were collected in the following Brazilian
cities: Salvador, Madre de Deus, Simões Filho, Jequié,

Table 1 Evaluation of the accuracy of the analytical method used for
quantification

Element Achieved value Certified value

K (%) 2.887±0.583 2.903±0.052

Na (%) 1.777±0.367 1.818±0.043

Ca (%) 1.448±0.277 1.527±0.041

P (%) 0.496±0.126 0.518±0.011

Mg (%) 0.86±0.144 0.89a

Zn (mg kg−1) 80±12 82±3

Mn (mg kg−1) 67.3±5.2 75.9±1.9

Sr (mg kg−1) 53.22±1.77 55.6±0.8

a Value reported
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Table 2 Determination of the mineral composition of cabbage samples (mg of analyte per Kg−1)

Sample Element

P Na Mg K Ca Mn Fe Zn Sr Mo

W-BAR 401.5 61.9 120.5 2,219.8 546.9 1.57 2.30 3.08 2.25 0.12

W-JEQ 227.5 56.8 117.2 1,696.7 238.3 1.19 2.84 1.79 0.35 0.08

W-REC 343.2 442.8 141.6 1,902.9 335.6 0.81 1.94 1.53 2.01 0.23

W-AJU 298.8 72.2 163.2 1,602.9 375.9 0.87 2.88 1.37 0.63 0.10

W-SMF1 303.2 50.2 111.6 1,749.9 314.1 1.62 1.96 2.07 1.46 0.03

W-SSA1 414.8 473.0 153.6 1,980.0 433.5 2.96 3.69 2.29 2.14 0.03

W-SMF2 353.7 45.9 136.4 1,767.7 560.9 1.63 2.15 2.53 2.63 0.02

W-SSA2 438.7 52.0 131.8 2,179.4 352.8 1.78 2.48 2.80 1.45 0.04

W-BEH 511.0 67.9 174.0 2,913.9 532.5 1.45 3.01 1.83 2.27 0.02

W-FLO 383.9 30.5 135.9 1,853.3 414.4 1.42 2.21 1.67 0.81 0.06

W-PAL 490.8 50.9 201.1 2,680.9 448.0 2.85 4.54 2.42 1.10 0.03

W-UBA 374.2 66.0 112.9 1,963.1 478.5 2.98 2.03 3.22 2.05 0.10

W-JAG1 502.4 54.5 161.5 2,325.8 373.3 1.91 3.31 3.48 0.99 0.06

W-ITI 405.7 64.0 118.6 2,144.0 422.5 1.46 2.26 2.00 1.66 0.03

W-SMT 572.4 71.5 208.1 2,998.8 585.2 2.72 4.22 3.09 2.11 0.08

W-LAV 755.3 61.4 199.5 3,421.6 690.0 4.40 5.65 5.10 5.79 0.04

W-CAM 524.7 46.9 206.3 2,883.1 654.6 1.19 1.91 2.19 0.60 0.03

W-SCR 476.9 27.2 156.7 2,508.4 413.0 2.63 3.21 3.02 0.81 0.05

W-SMA 598.8 64.6 266.8 2,809.9 471.4 1.09 1.99 1.67 1.20 0.04

W-VIT 419.3 40.7 130.1 1,852.2 367.0 2.28 2.35 1.48 0.99 0.08

W-SSA3 290.7 182.0 152.7 1,969.9 338.1 1.91 2.90 2.71 2.90 0.02

W-LFR 680.4 282.4 196.0 2,583.2 621.0 2.47 8.60 3.24 4.21 0.05

W-JAG2 724.4 376.5 248.7 3,030.1 559.3 2.63 2.67 1.42 0.60 0.06

W-JAG3 665.0 556.0 160.8 1,867.3 514.7 2.46 3.44 3.79 1.91 0.13

W-SSA4 665.1 85.0 214.1 2,901.6 479.3 0.86 2.98 2.65 2.16 0.11

W-ITA 498.2 39.6 143.9 3,080.6 604.8 3.33 2.91 3.48 1.83 0.05

W-ILH 286.3 74.7 175.9 3,184.2 521.3 1.44 3.07 2.61 0.81 0.06

W-MDE1 329.0 157.9 165.3 2,306.0 292.1 1.65 2.73 2.41 1.13 0.11

W-MDE2 315.0 121.2 162.5 2,460.0 321.0 1.68 2.00 2.11 1.65 0.07

W-SSA5 629.9 591.0 176.7 1,993.3 637.5 2.53 2.62 4.82 1.53 0.12

W-SSA6 302.3 70.8 135.3 2,195.3 486.0 2.16 3.63 1.92 1.12 0.06

R-BAR 383.0 41.6 129.0 2,618.4 438.0 1.92 2.46 1.80 2.87 0.02

R-JEQ 357.7 31.8 118.1 2,467.6 416.1 1.72 1.94 1.69 1.32 0.05

R-REC 279.4 34.1 98.3 2,036.7 289.8 0.95 1.99 1.17 1.29 0.04

R-AJU 254.5 27.7 67.2 1,793.2 333.1 1.62 1.91 1.59 0.41 0.14

R-SMF1 280.8 49.0 121.3 2,004.4 221.9 1.25 2.36 2.65 2.04 0.04

R-SSA1 348.7 40.9 134.4 2,454.9 529.6 0.85 2.16 2.00 0.97 0.09

R-SMF2 414.9 45.8 149.9 2,387.7 399.0 1.49 2.82 2.95 0.92 0.11

R-SSA2 571.8 37.3 129.8 2,229.6 432.3 2.73 2.37 3.18 3.81 0.03

R-BEH 467.7 37.9 139.3 2,467.6 374.5 2.59 3.25 2.66 0.66 0.06

R-FLO 515.1 36.4 185.1 2,584.7 531.4 1.61 2.33 1.68 2.45 0.11

R-JAG1 420.0 43.2 100.1 2,567.5 391.8 2.55 2.98 3.03 1.68 0.04

R-ITI 469.9 70.9 129.2 2,153.0 403.4 4.38 3.76 2.84 3.80 0.05

R-SMT 707.0 99.9 236.5 3,851.9 499.2 3.48 3.74 3.67 4.44 0.01

R-LAV 727.3 43.8 206.6 3,896.9 544.3 1.84 2.99 2.33 2.99 0.05

R-SCR 494.3 38.9 134.4 2,514.3 384.6 4.19 3.88 4.03 0.57 0.03

R-SMA 766.2 86.8 286.0 3,622.8 520.6 2.03 2.83 1.86 0.51 0.24
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Barreiras, Itabuna, Ilhéus, Maracás, Vitória da Conquista,
Itiruçu, Ubaitaba, Recife, Aracaju, Belo Horizonte, Lavras,
Florianópolis, Porto Alegre, Santa Maria, São Mateus,
Vitória, São Carlos, Campinas, Jaguaquara, and Lauro de
Freitas. A total of 55 were analyzed, being 24 of red and 31
white species.

In the laboratory, these samples were kept under refriger-
ation to prevent the proliferation of fungi and bacteria. Grating
used in the partitioning of sample was plastic to avoid metal
contamination. After grating, samples were heated at 60 °C for
1 h in order to remove superficial water maintaining its
integrity. Then, they were homogenized by mechanical
agitation (manual) using plastic pallets. After using samples
were discarded.

Sample Digestion

About 2.0 g of each sample were accurately weighed into
glass vessels. A volume of 3.0 mL of concentrated nitric

acid (Merck, Darmstadt, Germany) and 3.0 mL of 30% (v/
v) hydrogen peroxide (Merck, Darmstadt, Germany) were
added. The hot plate temperature was adjusted to 140 °C
and the samples were digested for 3 h. Later, the digested
samples were transferred to centrifuge tubes of 15 mL and
then the volume was completed to 12 mL with ultrapure
water.

Accuracy of the Analytical Method Used for Quantification

The accuracy of the method used for determination of the
elements was confirmed by analysis of a certified reference
material purchased from National Institute of Standard and
Technology (Gaithersburg, MD, USA), spinach leaves
National Institute of Standard and Technology 1570a.
Digestion of this material was performed with the same
decomposition procedure used for the cabbage samples.
The results were in agreement with the certified values, as
can be seen in Table 1.

Table 2 (continued)

Sample Element

P Na Mg K Ca Mn Fe Zn Sr Mo

R-MAR 646.6 73.6 185.5 3,423.9 343.6 1.59 2.30 1.85 1.45 0.02

R-VIT 217.5 43.8 91.9 1,861.7 263.1 2.72 3.56 5.06 3.45 0.10

R-SSA3 723.1 73.7 166.7 3,154.2 567.5 2.36 3.55 3.68 2.44 0.09

R-LFR 616.9 68.3 202.1 3,774.3 603.6 3.07 4.77 4.24 2.78 0.11

R-CON 755.7 73.6 200.6 4,068.3 744.7 1.68 3.34 2.24 2.40 0.07

R-MDE1 234.6 54.4 215.2 2,527.6 410.4 1.88 2.39 2.25 1.09 0.06

R-MDE2 322.4 110.2 157.7 2,605.8 268.2 1.57 3.80 2.51 2.21 0.05

R-SSA5 345.2 78.3 176.1 3,107.9 544.6 1.27 3.20 2.15 1.74 0.08

SSA Salvador, MDE Madre de Deus, SMF Simões Filho, JEQ Jequié, BAR Barreiras, ITA Itabuna, ILH Ilhéus, MAR Maracás, VIT Vitória da
Conquista, ITI Itiruçu, UBA Ubaitaba, REC Recife, AJU Aracaju, BEH Belo Horizonte, LAV Lavras, FLO Florianópolis, PAL Porto Alegre, SMA
Santa Maria, SMT São Mateus, VIT Vitória, SCR São Carlos, CAM Campinas, JAG Jaguaquara, LFR Lauro de Freitas

Variable PC1 PC2 PC3 PC4

Phosphorous −0.8566 −0.3033 −0.0274 −0.0455
Sodium −0.1999 −0.1579 0.8290 −0.4498
Magnesium −0.6468 −0.5899 −0.1056 −0.1862
Potassium −0.7471 −0.3670 −0.4154 0.1413

Calcium −0.7913 −0.2668 −0.0337 0.0529

Manganese −0.6334 0.5381 0.0889 0.1278

Iron −0.6995 0.3024 0.0870 −0.1635
Zinc −0.5868 0.5446 0.3059 0.3204

Strontium −0.6322 0.4447 −0.0443 −0.0753
Molybdenum 0.0094 −0.5447 0.5914 0.5308

Total variance (%) 40.11 18.43 13.33 6.95

Cumulative variance (%) 40.11 58.54 71.87 78.82

Table 3 Loadings of the
variables for the first four
principle components
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Results and Discussion

Determination of Chemical Elements in Cabbage Samples

The determination of the elements: phosphorus, sodium,
magnesium, potassium, calcium, manganese, iron, zinc,
strontium, and molybdenum were performed in 55 samples,
being 31 of the white specie and 24 of the red specie. The

results expressed as average of triplicates (mg of element
per kg of sample) are shown in Table 2.

Data Evaluation Employing Principal Component Analysis

The results of the determination of the ten elements in the
55 samples analyzed showed in Table 2 were evaluated
using the PCA technique. The data matrix was established

Projection of the cases on the factor-plane (1x 2)
Cases with sum of cosine square >=  0.00
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second principal component
(PC2) for the 55 cabbage
samples

Projection of the cases on the factor-plane (1x 3)
Cases with sum of cosine square >=  0.00
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component (PC1) versus the
third principal component (PC3)
for the 55 cabbage samples
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using the elements as columns and the cabbage samples as
rows. This evaluation was performed on auto-scaled data
due to the different orders of magnitude of the element
concentrations. The loadings of original variables on the
first four principal components and the variances explained
by each component are given in Table 3.

The first four principal components were chosen for
modeling the data because they describe almost 79% of the
total variance. Phosphorus, calcium, potassium, iron,
magnesium, manganese, strontium and zinc are the domi-
nant variables for the first principal component (PC1) that
represent 40% of the total variance. These eight elements
contribute to the major variability presented in the samples
and all are positively correlated. The second principal
component (PC2) accounts for 18% of the total variance
and magnesium, molybdenum, zinc and manganese are the
dominant variables. The scores plot of the first two

components is shown in Fig. 1. In it, it can be seen that
there is no separation between samples of red and white
varieties. Samples with high concentrations for the elements
phosphorus, calcium, potassium, iron, magnesium, manga-
nese, strontium, and zinc have low scores on PC1, since
their loadings are negative. Then, for example, the sample
W-LAV, collected in Lavras city, has high concentrations of
the elements phosphorous, calcium, manganese, zinc,
strontium and iron. The sample W-LFR has highest
concentration for iron. Obviously, samples with higher
scores on PC1 have the lesser concentrations of these
elements. Thus, the sample W-CAM, collected in Campinas
city has low concentration for the elements manganese, iron
and strontium. The elements magnesium and zinc are
negatively correlated on PC2, thus, the sample R-VIT with
high scores on PC2 has high concentration for zinc and low
concentration for magnesium. This sample was collected in
Vitoria city. Magnesium and molybdenum are positively
correlated because both have negative loadings on PC2.
Thus, the sample (R-SMA) collected in Santa Maria city,
which has lower scores on PC2 has highest concentrations
for magnesium and molybdenum.

The third principal component (PC3) presents 13% of
the total variance, being sodium and molybdenum the
dominant variables, both with positive loadings. Figure 2
shows the scores plot of PC1×PC3. Considering this, the
samples with higher scores on PC3 (W-SSA5, W-JAG3,
and W-REC) have high concentrations for these two
elements. These samples were collected in Salvador,
Jaguaquara, and Recife cities, respectively. On the other
hand, the samples R-LAV (Larvas city) and R-MAR
(Maracas city) with lower scores on PC3 have respectively
low concentration for sodium and molybdenum.

Tree Diagram for 55 Cases
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Fig. 3 Dendrogram for cabbage
samples showing single linkage
with Euclidean distances

Table 4 Concentrations of chemical elements in cabbage samples
(mg of element per kg of sample)

Element Average Concentration range

Phosphorous 459.5 217.5–766.2

Sodium 105.0 27.2–591.0

Magnesium 159.9 67.2–286.0

Potassium 2,532.6 1,602.9–4,068.3

Calcium 446.4 221.9–744.7

Manganese 2.06 0.81–4.40

Iron 3.00 1.91–8.60

Zinc 2.60 1.17–5.10

Strontium 1.84 0.35–5.79

Molybdenum 0.07 0.01–0.24
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In order to evaluate preliminarily the influence of the
seasonality on the mineral composition of cabbage, samples
from the cities of Madre de Deus and Simoes Filho were
collected in summer (SMF1 and MDE1) and winter (SMF2
and MDE2). The results as can be seen in Table 2
demonstrated that the seasonality does not influence the
mineral composition of cabbage, considering these two
cities.

Evaluation of Data Using Hierarchical Cluster Analysis

HCA was applied to the auto-scaled data using the single
linkage method with Euclidean distances to calculate the
sample interpoint distances and similarities. A hierarchical
agglomerative procedure was employed to establish
clusters, and Fig. 3 shows the dendrogram that was
obtained.

Some results found by PCA were also achieved using
HCA. For instance, the samples (W-JAG3 andW-SSA5) form
a small group by HCA and by PCA. It was found that these
samples have high concentrations of sodium and molybde-
num. The two samples (R-SMT and R-LAV) that by PCA are
close (Fig. 2) because these have high concentrations of
phosphorous, magnesium, calcium, and potassium also form
a small group by HCA and it can be found in Fig. 3. Another
observation that can be seen is that the samples (R-ITI and
W-ITI and also R-SCR and W-SCR), which are of red and
white species form two groups, it confirming that the mineral
composition of cabbage is independent of species.

Determination of the Mineral Composition of Red
and White Cabbage

Considering that PCA and also HCA clearly demonstrated
that the mineral composition is independent of white or red
variety. The results for the average content and concentra-
tion ranges for the elements are shown in Table 4. These
results show that cabbage can be used as nutritional
supplement and contains levels of calcium, magnesium,
phosphorous, zinc, manganese, and iron in agreement with
those reported in the literature.

Conclusions

The method developed for the determination of minerals in
white and red cabbage by ICP OES was satisfactory for the

quantification of calcium, phosphorous, potassium, magne-
sium, sodium, iron, manganese, molybdenum, strontium,
and zinc.

Phosphorus, calcium, potassium, iron, magnesium, man-
ganese, strontium and zinc are the elements that contribute
to the major variability presented in the samples and all are
positively correlated. It means that the assimilation pro-
cesses of these elements by this vegetable probably are
similar.

The PCA and HCA techniques demonstrated that there is
no difference in the mineral composition between the red
and white cabbage.

The results evidenced that cabbage can be used as
nutritional supplement.

References

Aberoumand A (2009) Food Anal Methods 2:204
Borah S, Baruah AM, Das AK, Borah J (2009) Food Anal Methods

2:226
Candeias SX, Gallardo E, Matos AC (2009) Food Anal Methods

2:251
Correia PRM, Ferreira MMC (2007) Quim Nova 30:481
Divrikli U, Saracoglu S, Soylak M, Elci L (2003) Fresenius Environ

Bull 12:1123
do Nascimento IR, de Jesus RM, dos Santos WNL, Souza AS,

Fragoso WD, dos Reis PS (2010) Microchem J 96:37
Fadigas JC, dos Santos AMP, de Jesus RM, Lima DC, Fragoso WD,

David JM, Ferreira SLC (2010) Microchem J 2:352
Feliciano RP, Bravo MN, Pires MM, Serra AT, Duarte CM, Boas LV,

Bronze MR (2009) Food Anal Methods 2:149
Gromboni CF, Carapelli R, Pereira ER, Nogueira ARA (2010) Food

Anal Methods 3:98
Korhonova M, Hron K, Klimcikova D, Mueller L, Bednar P, Bartak P

(2009) Talanta 80:710
Lima DC, dos Santos AMP, Araujo RGO, Scarminio IS, Bruns RE,

Ferreira SLC (2010) Microchem J 95:222
Nuzzi M, Lo Scalzo R, Testoni A, Rizzolo A (2008) Food Anal

Methods 1:270
Pasias IN, Farmaki EG, Thomaidis NS, Piperaki EA (2010) Food

Anal Methods 3:195
Richert JC, Sneddon J (2008) Appl Spectrosc Rev 43:49
Salahinejad M, Aflaki F (2010) Biol Trace Elem Res 134:109
Saleh MAD, Neves RDF, Silva FA, de Moraes PM, Loureiro VR,

Roldan PD, Padilha PD (2009) Food Anal Methods 2:162
Sharaf MA, Illman DL, Kowalski BR (1986) Chemometrics. Wiley,

New York
Sharma AK, Singh I (2009) Food Anal Methods 2:311
Thriveni T, Rajesh Kumar J, Lee JY, Sreedhar NY (2009) Food Anal

Methods 2:66
Uluozlu OD, Kinalioglu K, Tuzen M, Soylak M (2007) Biomed

Environ Sci 20:203

292 Food Anal. Methods (2011) 4:286–292


	Use...
	Abstract
	Introduction
	Experimental
	Instrumentation
	Chemicals and Reagents
	Sample Collection and Storage
	Sample Digestion
	Accuracy of the Analytical Method Used for Quantification

	Results and Discussion
	Determination of Chemical Elements in Cabbage Samples
	Data Evaluation Employing Principal Component Analysis
	Evaluation of Data Using Hierarchical Cluster Analysis
	Determination of the Mineral Composition of Red and White Cabbage

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


