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Abstract: The study aimed to evaluate fourteen elements’ profiles of legumes and oilseeds, of
various geographical origins, available on the Polish market. They were determined by flame atomic
absorption spectrometry (F-AAS) and spectrophotometric method (phosphorus) in 90 analytical
samples. In general, legumes were characterized with lower mean concentrations of Ca, Mg, Na, P,
Zn, Cu, Fe, Mn, and Cr than oilseeds. However, the concentrations ranges within each group differed
significantly (p < 0.05). Calcium content varied between 6.2 and 243.5 mg/100 g in legumes and
38.4 and 2003 mg/100 g in oilseeds. In the case of Fe, its concentration was between 1.99 mg/100 g
and 10.5 mg/100 g in legumes, and 2.05 mg and 12.15 mg/100 g in seeds. All the samples were
characterized with Pb concentration below the LOQ (30 µg/100 g). In the case of Cd, its presence
(>LOQ, 9 µg/100 g) was confirmed in one sample of legumes (soybean) and five samples of seeds
(poppy seeds, roasted linseeds, hulled wheat, linseed, and sunflower seeds). The detected Cd content
in every sample, except for soybean and hulled wheat, exceeded the permissible European standards.
According to Kruskal-Wallis test results, Mg, Na, K, P, Zn, Cu, Mn, Cr, and Cd content depended
on the type of the analyzed product, while in the case of botanical provenance such relationship
was recorded for most of the analyzed components, except for Fe, Cr, and Co. Factor and cluster
analyses classified the analyzed samples in view of their botanical species and type based on their
mineral composition.

Keywords: legumes; oilseeds; minerals; toxic metals; chemometric analysis

1. Introduction

Legumes are one of the oldest human foods, which are vital for the naturally bal-
anced diet as they enhance its nutritional and phytochemical content. Pulses constitute
a subgroup of legumes and belong to the Leguminosae family (commonly known as the
pea family) that produce edible seeds which are used for human and animal consump-
tion [1]. Every pulse (dry peas, lentils, chickpeas, dry beans) belongs to legumes, but not
all legumes such as soybean, peanuts, fresh peas, etc., are pulses [2,3]. They constitute
valuable sources of proteins, unsaturated fatty acids, and bioactive compounds such as
mineral components [3–6]. However, currently, the share of legumes in daily diets has been
considerably reduced in favor of meat and other highly processed foods. It might be due to
unpleasant symptoms, which are felt as a result of improper preparation of legumes for
consumption. There are gas-forming oligosaccharides contained in the seeds, which the
human body does not digest. This can be remedied by proper culinary treatment, which
allows removing large quantities of fermenting sugars while preserving other valuable
nutrients. The presence of off-flavors can be also sometimes problematic and limit their
consumption by humans [4].

Besides high protein content in legumes and valuable fatty acids in oilseeds, they can
provide mineral components, such as P, Mg, Fe, Zn, Cu, and Mn, which bioavailability
can be increased by proper culinary treatments [7]. There is a range of factors influencing
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metals’ concentrations in plants such as soil temperature, pH, fertility, reductive-oxidative
conditions, and the content of organic matter in the soil, as well as plant species [8].
However, due to the anthropogenic activity of humans, there can be observed a certain
increase in heavy metals levels both in the environment and plants, thus, food products.
Heavy metals, such as cadmium (Cd) and lead (Pb), are among the major contaminants of
food products. Cd bioavailability is relatively low (3–5%) and depends on the nutritional
status (low body Fe stores) of the body, as well as multiple pregnancies, preexisting health
conditions, or diseases. However, Cd is accumulated in the kidney and liver in the human
body, with a half-life ranging from 10 to 30 years [9]. Lead accumulates in the body,
primarily in the skeleton with a half-life in bones between 10 and 30 years [10]. To protect
consumers, World Health Organization (WHO) introduced Provisional Tolerable Monthly
Intake (PTMI) for Cd, which is set at 25 µg/kg b.w./month [11]. In the case of Pb, its
Provisional Tolerable Weekly Intake (PTWI) was found no health-protective, thus, it was
withdrawn. Due to their toxicity, Pb and Cd levels should be constantly monitored in
food products.

The study aimed to estimate and compare essential elements contents (P, Mg, Ca, K,
Na, Zn, Cu, Fe, Cr, Co, Ni, Mn) and toxic heavy metals contents (Pb, Cd) in legumes and
oilseeds available on the Polish market, but of different provenances. Furthermore, the
contribution of these products to daily metal intakes and health risks associated with Cd
and Pb intakes were assessed. Moreover, based on elemental profiles it was possible to
differentiate chemometrically legumes and oleic seeds samples and classify them in view
of their species and type characteristics.

2. Materials and Methods
2.1. Samples

Legumes and seeds of oleic plants were collected randomly from shops scattered
within the city of Gdansk and in Pomeranian Voivodeship (Poland). All samples were
commercially available and immediately prepared after purchase. In total, 28 products
(90 analytical samples) including 14 kinds of legumes (lentils, beans, soybean, peas) and
14 varieties of seeds (linseed, poppy, pumpkin, sunflower, sesame, and wheat hulled) were
analyzed. Samples represented several brand names available in Poland, but products
were of Polish, European (Italy, Czech Republic, Hungary), Asian (India, China), Canadian
and Australian origin (Table A1).

2.2. Samples Preparation

Legumes and oilseeds were homogenized and stored until analysis in desiccators
in lockable polyethylene bags. Similarly to the previously published procedure [12],
10.0 (±0.0001) g products’ portions were dry ashed and then digested with the use of
36.5% HCl (Tracepur® Merck) and 65% HNO3 (Suprapur® Merck). Subsequently, each
sample was replenished to 25 mL with ultra-pure water (18.2 MΩ cm−1) from a Milli-Q
system (Millipore, MA, USA) [12].

2.3. Determination of Elements’ Concentrations

A PU-9100X model atomic absorption spectrometer (Philips, Great Britain) with
deuterium-background correction was used for the determination of such elements as
Mg, Ca, K, Na, Zn, Cu, Fe, Cr, Co, Ni, Mn, Pb, Cd. In all cases, stoichiometric flame
air/acetylene was used with the fuel flow of 1.0 L/min. The instrument parameters were
described in Table A2. Phosphorus was determined in the form of phosphomolybdate by
spectrophotometric method [12] using Spekol 11 (Carl Zeiss, Jena, Germany).

Cesium chloride (Merck, Darmstadt, Germany) and lanthanum(III) oxide (Merck,
Darmstadt, Germany) were used as chemical modifiers. Sodium and K analyses required
the addition of an ionization buffer at a concentration of 0.2% w/v (CsCl), whereas Ca
and Mg determinations needed a releasing agent at a concentration of 0.4% w/v (La2O3).
The limit of detection (LOD), which is defined as the lowest concentration that can be
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detected with reasonable certainty for a given analytical procedure [13], was calculated
as the concentration corresponding to signals equal to three times the standard deviation
of ten replicates of a blank solution (1). The limit of quantification (LOQ), which is the
lowest concentration of a substance that is possible to be determined using a given ana-
lytical procedure with the established accuracy, precision, and uncertainty, was calculated
using Formula (2).

LOD = blank mean + 3SD (1)

LOQ = 3·LOD (2)

The quantification limits were suitable for the determination of all elements, except
for Pb and Cd, which were under the LOQ (0.03 mg/100 g w.w. and 0.003 mg/100 g,
respectively) in some samples.

2.4. Accuracy and Precision of the Analytical Method Used for Quantification

Accuracy and precision were corroborated by using certified standard reference mate-
rials (CRMs) including tea (NCS DC 73351), cabbage (IAEA-359), and spinach (IAEA-331).
NCS DC 73351 was purchased from China National Analysis Centre for Iron and Steel,
Beijing (China). Cabbage (IAEA-359) and spinach (IAEA-331) were purchased from In-
ternational Atomic Energy Agency (IAEA), Vienna, Austria. All CRMs were prepared
according to the same decomposition procedure applied in the case of legumes and
seeds. The results concerning recovery (86–103%) and precision (0.36–5.34%) were highly
satisfactory (Table 1).

2.5. The Realisation of Dietary Recommendations and Health Risk Assessment

The daily mineral intake (in %) through consumption of 100 g of the analyzed legumes
and oilseeds was calculated as DMI = C × 100/RDA (or AI), where C—element concentra-
tion (in mg) in 100 g of products; RDA (or AI)—according to the National Polish Food and
Nutrition Institute, value for an adult male (from 19 to 65 years old) [14].

Cadmium content in the selected products (>LOQ) was assessed in view of the regula-
tions of the European Commission No 1881/2006 and No 629/2008 [15,16]. Due to high Cd
toxicity, WHO introduced provisional tolerable monthly intake (PTMI) for this metal [11],
which is 25 µg/kg of body weight for an adult, i.e., 1750 µg monthly for a 70 kg person. To
evaluate human exposure to Cd, the realization of its PTMI through consumption of 100 g
products was assessed.

2.6. Data Analysis

Before the chemometric analysis, all the variables were tested for normality using
Shapiro–Wilk and the Kolmogorov–Smirnov tests. In all cases, they did not follow the
normal distribution, thus, nonparametric procedures, i.e., Spearman’s rank correlation
analysis (p < 0.001, p < 0.01, and p < 0.05) and ANOVA Kruskal–Wallis (p < 0.05) tests were
adapted in our analyses. A post-hoc Dunn’s test was used to verify which of the analyzed
groups differ from each other. To reduce a large number of variables into fewer numbers of
factors and to identify the main components underlying groups’ differences we conducted
factor analysis (FA) and cluster analysis (CA).

The choice of discriminative elements was done based on Kruskal-Wallis test and 11 of
them (Ca, Mg, Na, K, P, Zn, Cu, Fe, Mn, Cr, and Cd) were chosen for further chemometric
analyses. Lead was eliminated from the statistical analysis as its concentration was below
the LOQ in all the analyzed samples. To determine the number of factors, Kaiser criterion
and the Cattell scree test plot were used. There were three defined factors, but the variance
explained by the third factor was very small, thus, only two factors were taken into account
when interpreting results. The cut-off loading value to determine which elements will be
used at the clustering stage was set at level >0.70. All the analyses were performed using
STATISTICA 12.0 for Windows (Copyright© StatSoft, Inc. 1984–2014, USA). Prior to the
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chemometric processing, the data matrix was autoscaled, standardized, and arranged in
columns (elements) and rows (the analyzed legumes and seeds samples).

Table 1. The results of the analysis of three certified reference materials, i.e., Tea NCS DC 73351 1,
Cabbage IAEA–359 2, and Spinach IAEA-331 3.

Element Declared Value
(µg/g)

Obtained Value
(µg/g) Recovery (%) RSD (%)

P 1 2840 2900 ± 121 102 4.26

P 2 5180 5340 ± 94.8 103 1.83

K 1 16,600 ± 1200 14,780 ± 750 89.0 4.51

K 2 32,500 27,940 ± 932 86.0 2.87

Na 1 44 ± 6 39.8 ± 0.16 90.5 0.36

Na 2i 580 522 ± 23 90.0 3.97

Mg 1 1700 ± 200 1740 ± 81.9 102 4.82

Mg 2 2160 2110 ± 35.6 97.7 1.65

Ca 1 4300 ± 400 3820 ± 37 88.8 0.86

Ca 2i 18,500 17,450 ± 78 94.3 0.42

Zn 1 26.3 ± 2.0 24.2 ± 0.4 92.0 1.52

Zn 2 38.6 35.3 ± 1.78 91.4 4.61

Fe 1 264 ± 15 239 ± 4.96 90.5 1.88

Fe 2 148 137 ± 7.9 92.6 5.34

Cu 1 17.3 ± 1.8 16.7 ± 0.82 95.5 4.74

Cu 2 5.67 5.45 ± 0.14 96.1 2.47

Mn 1 1240 ± 70 1150 ± 54.0 92.7 4.35

Mn 2 31.9 28.7 ± 0.28 90.0 0.88

Cr 1 0.80 ± 0.03 0.76 ± 0.04 95.0 5.00

Cr 2 1.3 1.17 ± 0.05 90.0 3.85

Co 3 0.39 0.38 ± 0.02 97.4 5.13

Ni 1 4.6 ± 0.5 4.12 ± 0.08 89.6 1.74

Ni 2 1.05 0.95 ± 0.05 90.5 4.76

Pb 1 4.4 + 0.3 3.92 ± 0.15 89.1 3.41

Cd 2 0.12 0.11 ± 0.004 91.7 3.33
i—informative value.

3. Results and Discussion

The analyzed elements concentrations in legumes and seeds of oleic plants were
characterized by the arithmetic mean value, the corresponding standard deviation (SD),
and ranges for wet weight (w.w.) basis in Table 2. Lead concentration in all the analyzed
samples was below the LOQ (30 µg/100 g), thus, it was eliminated from the data analysis.
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Table 2. Macro-, microelements, and toxic metals content (x ± SD, range) in legumes and seeds in mg/100 g w.w. (* µg/100 g w.w.).

Product n Ca Mg Na K P Zn Cu Fe Mn Cr Ni Co Pb * Cd *

Legumes

Beans
6

152 ± 6.36 166 ± 29.0 1.36 ± 0.98 891 ± 91.2 544 ± 32.5 2.48 ± 0.17 0.48 ± 0.17 3.73 ± 1.12 1.51 ± 0.08 0.02 ± 0.01 0.17 ± 0.02 0.02 ± 0.01
ND ND

Phaseolus vulgaris L. 141–168 134–202 0.62–2.16 760–1014 485–586 1.97–2.95 0.34–0.60 2.84–4.61 1.43–1.60 0.01–0.02 0.15–0.20 0.01–0.01

Mung bean
6

131 ± 3.54 163 ± 4.95 1.08 ± 0.75 828 ± 1.41 480 ± 0.71 1.92 ± 0.06 0.75 ± 0.10 3.84 ± 0.15 1.28 ± 0.03 0.03 ± 0.01 0.1 ± 0.00 0.02 ± 0.01
ND ND

Vigna radiata 126–144 156–176 0.52–1.77 787–879 446–509 1.84–2.01 0.67–0.83 3.64–4.03 1.24–1.35 0.02–0.03 0.10–0.10 0.01–0.02

Peas husked
6

60.5 ± 1.34 118 ± 17.0 3.06 ± 2.88 784 ± 126 734 ± 269 2.70 ± 0.44 0.61 ± 0.23 3.38 ± 0.11 0.91 ± 0.00 0.01 ± 0.00 0.11 ± 0.02 0.02 ± 0.01
ND ND

Pisum L. 55.3–67.5 98.2–130 1.00–5.23 659–935 538–1022 2.34–3.08 0.42–0.79 3.33–3.52 0.89–0.93 0.01–0.01 0.09–0.12 0.01–0.02

Peas unhusked
3

124 ± 10.5 130 ± 10.1 2.04 ± 0.03 583 ± 32.4 628 ± 74.1 2.92 ± 0.07 0.50 ± 0.00 4.67 ± 0.14 0.84 ± 0.05 0.02 ± 0.001 0.11 ± 0.002 0.01 ± 0.00
ND ND

Pisum L. 117–136 123–142 2.02–2.07 561–606 567–711 2.86–2.99 0.50–0.50 4.54–4.82 0.79–0.90 0.02–0.02 0.11–0.11 0.01–0.01

Peas green
3

51.9 ± 0.94 107 ± 10.8 1.16 ± 0.09 794 ± 26.4 766 ± 52.5 3.66 ± 0.18 0.41 ± 0.01 3.66 ± 0.12 1.33 ± 0.03 0.01 ± 0.002 0.08 ± 0.004 0.01 ± 0.00
ND ND

Pisum L. 51.2–52.5 100–120 1.07–1.25 774–824 724–825 3.52–3.86 0.40–0.42 3.56–3.80 1.29–1.36 0.01–0.01 0.07–0.08 0.01–0.01

Corn
3

6.20 ± 0.17 113 ± 1.47 1.17 ± 0.10 172 ± 9.45 367 ± 30.5 2.32 ± 0.05 0.15 ± 0.01 1.99 ± 0.13 1.00 ± 0.01 0.01 ± 0.001 0.02 ± 0.000 0.01 ± 0.00
ND ND

Zea mays L. 6.06–6.29 112–114 1.07–1.28 165–178 345–388 2.27–2.38 0.14–0.16 1.88–2.13 0.99–1.01 0.01–0.01 0.02–0.02 0.01–0.01

Lentils, red
3

39.0 ± 1.66 66.1 ± 2.60 1.55 ± 0.02 513 ± 27.1 411 ± 19.8 3.32 ± 0.08 0.87 ± 0.01 6.94 ± 0.25 1.41 ± 0.02 0.01 ± 0.001 0.13 ± 0.002 0.02 ± 0.00
ND ND

Lens culinaris 37.9–40.2 64.3–68.0 1.54–1.56 494–533 397–425 3.27–3.41 0.85–0.88 6.73–7.21 1.40–1.43 0.01–0.01 0.13–0.13 0.02–0.02

Lentils
6

93.8 ± 1.32 98.5 ± 3.23 0.95 ± 0.06 652 ± 23.1 546 ± 4.86 2.78 ± 0.01 0.65 ± 0.01 10.5 ± 0.51 1.32 ± 0.01 0.02 ± 0.001 0.19 ± 0.000 0.02 ± 0.00
ND ND

Lens culinaris 92.8–95.3 95.3–102 0.91–0.99 631–677 540–549 2.77–2.79 0.64–0.66 10.1–11.1 1.31–1.33 0.02–0.02 0.19–0.19 0.02–0.02

Lentils, green
3

72.9 ± 4.02 97.1 ± 0.88 0.91 ± 0.01 689 ± 10.8 478 ± 7.23 2.70 ± 0.06 0.70 ± 0.01 10.1 ± 0.18 1.18 ± 0.01 0.05 ± 0.003 0.11 ± 0.002 0.02 ± 0.00
ND ND

Lens culinaris 69.8–77.5 96.5–97.8 0.90–0.92 679–701 473–486 2.65–2.76 0.69–0.71 9.86–10.2 1.17–1.19 0.05–0.05 0.11–0.12 0.02–0.02

Soybean
6

244 ± 24.7 221 ± 5.66 0.88 ± 0.44 975 ± 4.95 955 ± 69.3 4.61 ± 0.35 1.28 ± 0.03 8.34 ± 0.15 2.21 ± 0.17 0.04 ± 0.02 0.51 ± 0.23 0.02 ± 0.00
ND

8.93 ± 5.33

Glycine max 223–283 209–240 0.55–1.20 902–1041 861–1094 4.35–5.11 1.25–1.34 7.85–8.99 2.07–2.38 0.02–0.06 0.34–0.67 0.02–0.02 4.50–12.7

Seeds

Poppy seeds
6

2003 ± 56.7 315 ± 13.4 2.09 ± 0.21 566 ± 12.7 1251 ± 36.8 7.02 ± 2.15 1.39 ± 0.13 12.2 ± 1.34 7.19 ± 1.83 0.06 ± 0.01 0.06 ± 0.07 0.02 ± 0.01
ND

39.2 ± 31.8

Papaver rhoeas 1937–2046 300–338 1.89–2.35 549–587 1096–1338 5.43–8.60 1.28–1.60 10.6–13.2 5.72–8.49 0.04–0.06 0.01–0.11 0.01–0.02 16.4–62

Linseed roasted
3

250 ± 30.6 303 ± 12.1 15.0 ± 0.65 641 ± 54.8 863 ± 73.6 5.79 ± 0.04 0.95 ± 0.02 5.15 ± 0.11 3.50 ± 0.01 0.03 ± 0.000 0.09 ± 0.002 0.02 ± 0.00
ND

64.8 ± 0.98

Linum usitatissimum 228–272 295–312 14.5–15.4 578–676 779–919 5.75–5.82 0.93–0.97 5.05–5.26 3.49–3.52 0.03–0.03 0.08–0.09 0.02–0.02 63.8–65.7

Pumpkin seeds
9

60.3 ± 2.38 376 ± 26.3 5.11 ± 4.09 571 ± 37.7 1489 ± 210 6.99 ± 1.48 0.89 ± 0.19 7.33 ± 1.41 3.68 ± 0.35 0.03 ± 0.01 0.11 ± 0.03 0.01 ± 0.00
ND ND

Cucurbita L. 54.3–64.9 340–405 0.35–7.54 505–635 1208–1709 5.28–8.33 0.67–1.11 5.59–8.65 3.32–4.10 0.02–0.04 0.07–0.14 0.01–0.01

Wheat hulled
3

38.4 ± 3.28 88.9 ± 7.29 0.75 ± 0.04 270 ± 18.8 479 ± 29.7 3.04 ± 0.08 0.29 ± 0.02 2.05 ± 0.04 4.43 ± 0.12 0.01 ± 0.001 0.07 ± 0.002 0.01 ± 0.00
ND

11.6 ± 0.51

Triticum L. 35.7–42.1 81.5–96.1 0.72–0.77 252–289 445–502 2.96–3.12 0.26–0.30 2.01–2.08 4.31–4.56 0.01–0.01 0.07–0.08 0.01–0.01 11.0–12.0

Linseed
6

250 ± 13.4 312 ± 9.90 39.0 ± 3.54 592 ± 52.3 837 ± 63.6 4.18 ± 0.39 1.07 ± 0.13 5.40 ± 0.43 2.15 ± 0.16 0.07 ± 0.01 0.11 ± 0.01 0.02 ± 0.00
ND

28.9 ± 2.33

Linum usitatissimum 232–274 293–324 35.1–45.5 517–640 758–897 3.79–4.49 0.96–1.19 5.03–5.82 2.01–2.28 0.06–0.09 0.09–0.13 0.02–0.02 26.5–31.0

Sesame seeds
9

115 ± 21.5 334 ± 11.3 33.4 ± 15.4 378 ± 96.9 1136 ± 123 5.25 ± 0.28 1.32 ± 0.08 5.58 ± 0.34 1.55 ± 0.04 0.03 ± 0.01 0.06 ± 0.01 0.02 ± 0.01
ND ND

Sesamum L. 99.4–141 301–361 20.6–48.3 285–476 983–1406 4.95–5.56 1.21–1.50 5.23–5.93 1.51–1.62 0.02–0.03 0.05–0.07 0.01–0.04

Sunflower seeds
9

113 ± 28.2 294 ± 30.0 1.28 ± 1.07 481 ± 63.8 1016 ± 206 5.89 ± 1.28 1.51 ± 0.04 4.53 ± 0.88 2.57 ± 0.64 0.02 ± 0.01 0.47 ± 0.33 0.01 ± 0.00
ND

19.7 ± 13.4

Helianthus annuus 92.7–148 256–344 0.57–2.62 409–617 804–1325 5.00–7.38 1.45–1.56 3.48–5.32 2.18–3.36 0.01–0.03 0.28–0.86 0.01–0.01 6.74–34.4

ND—not detected, Pb LOQ = 30 µg/100 g, Cd LOQ = 9 µg/100 g, n—number of samples.
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3.1. Macrominerals

The macrominerals’ concentrations in the analyzed samples of legumes and seeds were
quite varied, both between and within the groups (Table 2). It can be partially explained by
varietal differences and the geographical provenance of particular samples. The analyzed
legumes were characterized by the highest average amounts of K (688 mg/100 g) and
P (590.8 mg/100 g). The other macrominerals’ mean contents were within the range of
127.98 mg (Mg) and 1.41 mg/100 g (Na). In general, soybean and other beans contained
the highest levels of these bioelements, in contrast to corn, which constituted rather a poor
source of macroelements (Table 2). Lentils contained from 411 to 546 mg P/100 g, which is
comparable with data presented by Souci et al. [17]. However, the determined content of K
(513–689 mg K/100 g) was lower than the one reported by Souci et al. [17] (837 mg/100 g).

Similar trends could be observed in the case of oilseeds, which also contained the
greatest mean amounts of P (1010 mg/100 g), and particularly pumpkin, poppy, and
sunflower seeds were rich in this element. Oleic seeds also had comparable average levels
of Ca (404 mg/100 g) and K (500 mg/100 g). However, great variability in Ca concentrations
was observed, which ranged between 38.4 mg (hulled wheat) and 2003 mg/100 g (poppy
seeds). Nevertheless, these results are comparable to data presented by Souci et al. [17].
According to them [17], poppy seeds contained Ca concentration of 1460 mg /100 g, while
wheat grain had a concentration of 33 mg/100 g. Seeds were also characterized with the
lowest amounts of Na, i.e., 0.75 mg (wheat hulled)–33.4 mg/100 g (sesame seeds) (Table 2).

3.2. Microminerals

In general, legumes were characterized with lower concentrations of Zn, Cu, Fe, Mn,
and Cr than oilseeds (Table 2). Iron and Zn content in soybean amounted to 8.34 and
4.61 mg/100 g, respectively. Souci et al. [17] reported lower Fe values (6.6 mg/100 g)
but comparable in the case of Zn (4.2 mg/100 g). According to Ramírez-Ojeda et al. [7],
Fe content in dry lentils and beans amounted to 8.4 mg/100 g and 4.5 mg/100 g, re-
spectively. However, in our current research, Fe content in beans was 3.72 mg/100 g,
while Cabrera et al. [18] determined almost two times higher Fe content of 6.25 mg/100 g.
Similarly, in the case of Zn, they [18] found almost a 100% higher level of Zn in beans
(3.97 mg/100 g) than in our study (1.91 mg/100 g). These results might be in accordance
with the findings of Eberl et al. [19], who stated that studies in the UK and the US have
reported a temporal decline in the Fe content of plant-based foods. They found significant
decreases in Fe content in legumes, with higher and more variable values reported pre-2000
compared to recent years [19]. However, Cabrera et al. [18] noted similar to ours Fe con-
centration in sunflower seeds, i.e., 4.09 mg/100 g. Manganese levels varied between each
analyzed group, with the highest values noted for soybean (2.21 mg/100 g) among legumes,
and poppy seeds (7.2 mg/100 g). According to Özcan et al. [20] beans were characterized
with almost 50% higher Mn content (2.1 mg/100 g) than in our study (1.51 mg/100 g).

Nickel and Co levels in both groups of the analyzed products were comparable, with
the highest Ni values found in soybean (0.51 mg/100 g) and sunflower seeds (0.47 mg/100 g).
According to Cabrera et al. [18] Ni concentrations in lentils and beans were about three
times lower than in our study and amounted to 0.05 mg and 0.06 mg/100 g, respectively.
In the case of Co, its concentrations ranged between 0.01 and 0.02 mg/100 g. Legumi-
nous plants are known for Co usage in symbiotic N2 fixation [8,21]. Moreover, soil pH
strongly determines the availability of Fe, Mn, and Zn [8]. Zinc content was the highest in
poppy seeds (7.02 mg/100 g) and pumpkin seeds (6.99 mg/100 g), which is comparable
to Souci et al. [17] data. However, Zn bioavailability to leguminous plants can be limited
by the low content of this metal in soil, high pH, high organic matter and P levels, low
temperature, and high salt concentration [8]. What is more, according to Zhao et al. [22],
Mn excess in plants can result in increased Fe and Zn levels. In our study, higher levels of
Mn could be associated with higher Zn and Fe levels in soybean and poppy seeds (Table 2).
Our findings concerning Mn content in soybean (2.21 mg/100 g) are comparable to those
reported by Souci et al. [17] (2.7 mg/100 g) but much lower in the case of poppy seeds.
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Moreover, the phytoavailability of metals determines their potential entrance to the food
chain [23,24].

3.3. Toxic Metals

All the samples were characterized with Pb concentration below the LOQ, i.e., 30 µg/100 g.
In the case of Cd, its presence (>LOQ, 9 µg/100 g) was confirmed in one sample of legumes
(soybean) and five samples of seeds (poppy seeds, roasted linseeds, hulled wheat, linseed,
and sunflower seeds) (Table 2). The highest levels of this metal were found in roasted
linseed (64.8 µg/100 g) and poppy seeds (39.2 µg/100 g). The latter were characterized
with a quite varied Cd content as one of the commercial products had 62 µg Cd/100 g,
whereas the second—16.4 µg Cd/100 g. Interestingly, these two products were of iden-
tical geographical provenance (Czech Republic) but different manufacturers. There can
be observed a substantial difference in Cd content between natural and roasted linseed,
i.e., 28.9 and 64.8 µg/100 g, respectively. Such variation may indicate environmental pollu-
tion, where plants were grown, as well as the influence of technological processing [25,26].
This metal is reckoned as the major phytotoxic element, which frequently induces both
cytotoxic and genotoxic effects and plants account for the major source of entry of Cd into
the food chain [26]. According to Cabrera et al. [18] pulses were characterized with much
lower Cd contamination than in our study.

3.4. Recommended Dietary Intake and Health Risk Assessment

Consumption of 100 g of legumes and seeds provided the human body with varying
amounts of mineral components (Table 3). In general, the realization of RDA for macromin-
erals was greater in the case of seeds consumption. On average, it amounted to 0.92%
for Na, 40.4% for Ca, 68.8% for Mg, and 144.3% for P. Only realization of RDA for K was
comparable for seeds and legumes, i.e., 14.3 and 19.7%, respectively. Similar trends were
observed for microminerals. Lower average percentages of RDA realization for an adult
man were obtained for legumes, i.e., 26.7% for Zn, 71% for Cu, and 56.5% for Mn. Again,
consumption of 100 g of seeds fulfilled RDA to a greater extent, i.e., 49.6% for Zn, 117.7%
for Cu, and 155.7% for Mn. However, the realization of RDA for Fe, like K, was exclusively
comparable amounting to 60.3% and 57.1% for seeds and legumes, respectively. Although
the content of minerals in legumes and seeds is high, their bioavailability is poor. It is
mainly due to the presence of phytate and polyphenols, which are the main inhibitors of Fe
and Zn absorption [27]. According to Mohan et al. [28] major types of polyphenols strongly
inhibit dietary non-heam iron absorption. The content of polyphenols in pulses varies, and
the greatest amounts can be found in beans while the lowest in peas [26]. Simultaneously,
excess Zn can hinder the absorption of Fe, and haemagglutinins inhibit Fe and Zn bioavail-
ability [3,29]. Therefore, a strictly vegetarian diet can be associated with low absorption of
Zn and Fe, which can be increased by proper food processing such as fermentation, soaking,
and germination, the addition of phytase, or polyphenol-degrading enzymes [26]. Besides,
there are also substances of plant origin that promote micronutrients bioavailability, such
as inulin and fructans, beta-carotene, or organic acids (ascorbic acid) [3,28]. According to
Ramírez-Ojeda et al. [7] cooking of legumes decreased the total content of trace elements,
due to the leaching of minerals from the seeds into the water, but considerably improved
their bioaccessibility. This could be a result of the possible destruction of antinutritional’
components [7].
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Table 3. Results of the realization of dietary recommendations (%) for the selected elements by a
100 g portion of legumes and seeds.

Product Ca Mg Na K P Zn Cu Fe Mn

1000 mg/day 420 mg/day 1500 mg/day 3500 mg/day 700 mg/day 11 mg/day 0.9 mg/day 10 mg/day 2.3 mg/day

Legumes
Beans 15.2 39.4 0.1 25.4 77.7 22.5 53.3 37.3 65.4

Mung bean 13.1 38.7 0.1 23.7 68.5 17.4 83.3 38.4 55.7
Peas husked 6.0 28.1 0.2 22.4 104.8 24.6 67.8 33.8 39.6

Peas
unhusked 12.4 31.0 0.1 16.7 89.7 26.5 55.6 46.7 36.5

Peas green 5.2 25.5 0.1 22.7 109.4 33.3 45.6 36.6 57.8
Corn 0.6 26.9 0.1 4.9 52.4 21.1 16.7 19.9 43.5

Lentils, red 3.9 15.7 0.1 14.7 58.7 30.2 96.7 69.4 61.3
Lentils 9.4 23.5 0.1 18.6 78.0 25.3 72.2 105.0 57.4
Lentils,
green 7.3 23.1 0.1 19.7 68.3 24.5 77.8 101.0 51.3

Soybean 24.4 52.6 0.1 27.8 136.4 41.9 142.2 83.4 96.1
Seeds

Poppy seeds 200.3 74.9 0.1 16.2 178.7 63.8 154.4 121.5 312.4
Linseed 25.0 74.3 2.6 16.9 119.6 38.0 118.3 54.0 93.3

Pumpkin
seeds 6.0 89.6 0.3 16.3 212.8 63.6 99.3 73.3 160.0

Wheat
hulled 3.8 21.2 0.1 7.7 68.4 27.6 32.2 20.5 192.6

Sesame
seeds 11.5 79.5 2.2 10.8 162.3 47.7 146.7 55.8 67.4

Linseed
roasted 25.0 72.1 1.0 18.3 123.3 52.6 105.6 51.5 152.2

Sunflower
seeds 11.3 69.9 0.1 13.7 145.1 53.6 167.4 45.3 111.7

There was also assessed human exposure to Cd through PTMI realization
(1750 µg/70 kg/month) by consumption of 100 g of legumes or seeds. In the case of
soybean, it amounted to 0.51%, whereas in seeds it ranged between 1.12% (sunflower
seeds) and 3.70% (roasted linseed). The maximum levels of Cd and other contaminants
in different foodstuffs are regulated by Commission Regulation (EC) No 1881/2006 and
No 629/2008 [15,16]. Therefore, we assessed the content of Cd in view of the above-
mentioned regulations, which set the allowable limit in soybean, other legumes, and seeds
at 0.2 mg/kg w.w. It was found that the detected Cd content in every sample, except for
soybean and hulled wheat, exceeded the permissible standards (Table 2). Such contami-
nation can be associated with a high health risk to the consumer, as this toxic metal tends
to accumulate in the liver, kidneys, lung, pancreas, bones, and brain [25]. Our findings
are in accordance with the scientific opinion of the European Food Safety Agency Contam
Panel, which stated that cereals and cereals products, vegetables, nuts and pulses, starchy
roots or potatoes, meat, and meat products contribute to a major part of the dietary cad-
mium exposure [30]. According to this Panel [30], exposure to cadmium at the population
level should be reduced, that is why food products should be strictly controlled for this
metal contamination.

3.5. Correlations among Macro-, Microelements and Toxic Metals Content in Legumes
and Oilseeds

Spearman correlation analysis has shown several statistically significant correlations
(p < 0.001, p < 0.01, and p < 0.05) between concentrations of the elements studied in each
group of the analyzed products, i.e., legumes and seeds (Table 4). There were observed both
positive and negative correlations. Legumes were characterized with a greater number of
such interrelationships than seeds. However, in the latter group, there were no correlations
noted between K, Cu, Co, and Ni and the rest of the analyzed elements. Interestingly, Na
correlated negatively with Mn (p < 0.05) in seeds, whereas in the group of legumes Na
did not exhibit any correlation to other elements. Moreover, negative interrelationships
were observed only for seeds, i.e., between Na and Mn or Cd and Mg. Seeds were also
characterized with strong positive correlations (p < 0.001) between Mg and P or Zn-P. In the
case of legumes majority of chemical elements exhibited positive correlations, however, the
most significant (p < 0.001) were noted for the following pairs of elements, i.e., Mg-Ca and
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Mg-K. A positive correlation was also observed between Cu and Fe, which is similar to re-
sults presented by Ramírez-Ojeda et al. [7]. However, in contrast to Ramírez-Ojeda et al. [7]
findings, we did not notice a correlation between Fe and Zn. Cadmium correlated positively
with P and Zn in legumes and Ca in seeds while negatively with Mg. However, according
to Erdem et al. [31], as well as Murtaza et al. [22] P is known to decrease to phytoavailability
of Ca, Cu, Fe, and Zn. Murtaza et al. [22] found that concentrations of metals in legumes
decrease with increasing P levels. Nevertheless, N fertilizers usage resulted in a significant
increase of metals levels relative to control and other P treatments [22]. Moreover, the
chemical similarity of Cd and Zn results in their interaction in soil-plant systems which
influence their bioavailability to plants [22,32]. Correlations between P, Mg, K, and Ca in
plants, according to Garten [33], seem to be based on biochemical similarities between these
elements in cell metabolism.

Table 4. Significant correlations between content of elements in legumes and oilseeds.

Element Legumes Oilseeds

Mg (+)Ca c, (+)K c (+)P c, (+)Fe a, (−)Cd a

Ca (+)Mg c, (+)K b, (+)Mn a, (+)Cr b, (+)Ni b (+)Cr b, (+)Cd a

Na - (−)Mn a

K (+)Mg c, (+)Ca b, (+)P b -

P (+)K b, (+)Zn a, (+)Cd b (+)Mg c, (+)Zn c, (+)Fe b

Zn (+)P a, (+)Cd b (+)P c

Cu (+)Fe a, (+)Co b, (+)Cr a, (+)Ni a -

Fe (+)Cu a, (+)Cr a, (+)Ni a, (+)Co a (+)Mg a, (+)P b

Mn (+)Ca a, (+)Ni b (−)Na a

Cr (+)Ca b, (+)Cu a, (+)Fe a (+)Ca b

Co (+)Cu b, (+)Ni b, (+)Fe a -

Ni (+)Ca b, (+)Cu a, (+)Fe a, (+)Mn b, (+)Co b -

Cd (+)P b, (+)Zn b (+)Ca a, (−)Mg a

(+) positive correlation between particular elements in each group; (−) negative correlation between particular
elements in each group; a p < 0.05; b p < 0.01; c p < 0.001.

3.6. Influence of the Product Type (Legumes, Seeds) and Its Botanical Family on
Metal Concentrations

A statistically significant result of the Kruskal-Wallis test means that our independent
variable affects the dependent variable. In our study, the Kruskal-Wallis test allowed
the verification of the influence of the product type (legumes, seeds) and its botanical
family (Fabaceae, Papaveraceae, Cucurbitaceae, Asteraceae, Linaceae, Pedaliaceae) on
metal concentrations. There were found differences in Mg, Na, K, P, Zn, Cu, Mn, Cr, and Cd
content depending on the type of the analyzed product (Table 5). In the case of botanical
provenance, such statistical dependence was recorded for most of the analyzed components,
except for Fe, Cr, and Co (Table 5).

Table 5. The results of the ANOVA Kruskal-Wallis test of legumes and oleic seeds’ elemental
composition (results are expressed as H value).

Mg Ca Na K P Zn Cu Fe Mn Cr Co Ni Cd

Type 18.8 c 1.22 5.44 a 13.8 c 13.4 c 17.5 c 11.6 c 1.99 14.6 c 6.44 a 0.01 0.90 13.8 c

Botanical family 21.2 c 13.0 a 13.2 a 17.0 b 17.8 b 19.2 b 16.6 b 8.50 18.5 b 11.1 5.49 12.0 a 17.9 b

a p < 0.05; b p < 0.01; c p < 0.001.
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However, based on the result of the analysis of variance, we were not able to determine
exactly which groups differ from each other in view of their botanical affinity. Therefore,
a post-hoc analysis using multiple step-down comparisons was performed that enabled
us to answer the question of which of the analyzed groups were different. Statistically
significant differences (p < 0.05) were noted for the following elements: Ca (Cucurbitaceae
vs. Papaveraceae), Mg (Cucurbitaceae vs. Fabaceae), K (Pedaliaceae vs. Fabaceae; Aster-
aceae vs. Fabaceae), P (Cucurbitaceae vs. Fabaceae), Zn (Cucurbitaceae vs. Fabaceae), Cu
(Asteraceae vs. Fabaceae), Ni (Asteraceae vs. Pedaliaceae), Mn (Papaveraceae vs. Fabaceae;
Cucurbitaceae vs. Fabaceae), and Cd (Linaceae vs. Fabaceae).

3.7. Discrimination of Legumes and Oleic Seeds Samples Based on Their Type and
Botanical Origins

Factor analysis (FA) is a set of statistical methods and procedures that allow cross-
examination of the relationships between large numbers of variables and detection of
hidden trends. To visualize data structure and discriminate samples in view of their type
and botanical provenance, FA was performed on raw data sets of legumes and oilseeds
samples, using the elements (Ca, Mg, Na, K, P, Zn, Cu, Fe, Mn, Cr, and Cd) as columns
and samples as rows. Nickel and Co were eliminated from the final data matrix based on
the results of the Kruskal-Wallis test results. Lead was eliminated from the dataset as its
concentration was below the LOQ.

The results of the conducted FA are depicted in Figure 1a–c. Using Kaiser criterion and
the Cattell scree test plot there were obtained three factors (F1, F2, F3) that cumulatively
explained 76.9% of the total variance, of which 47.6% was explained by F1, 16.5% by F2, and
12.8% by F3. The eigenvalues obtained for each factor were as follows: 5.23 (F1), 1.82 (F2),
and 1.40 (F3). Factorial scatterplots for the analyzed samples are depicted in Figure 1a,b,
while biplot of loadings drawn for F1–F2 in Figure 1c.

There can be an observed clear diversification of samples in view of both their type
(Figure 1a) and botanical origin (Figure 1b). The samples described by higher F1 values
belong to pulses (Fabaceae family), while the lower ones to seeds of oil plants. Soybean
samples can be found between these two groups (medium F1 values), which may be related
to the dual role of this plant. Botanically it belongs to legumes (Fabaceae family), but
it is also reckoned as a valuable source of oil. The oleic seeds (Asteraceae, Pedaliaceae,
Cucurbitaceae, and Linaceae families) were differentiated by Na, except for poppy seeds
described by the highest levels of Mn, Zn, Mg, Ca, P, Cu, Cd, and Fe (Figure 1c). Pulses’
samples were characterized by the highest amounts of K. Such diversification of samples
can supposedly be explained by specific usage of nutrients by plants’ systems and elements
cycling in ecosystems [34].

Higher values of F2 correspond to samples of oleic plants seeds, except for poppy
seeds (Papaveraceae family), which similarly to legumes were described by lower F2
values (Figure 1b). Elements responsible for the classification of legumes (Fabaceae family)
and poppy seeds (Papaveraceae family) were Ca, K, Fe, Mn, and Cd, while oleic seeds
(Asteraceae, Pedaliaceae, Cucurbitaceae, and Linaceae families) were described by Na, Mg,
Zn, Cu, and P.
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Figure 1. Scatterplot of object scores of the two discriminant functions of legumes and oilseeds
classified according to their type (a) and botanical family (b); scatterplot of loadings for 11 elements
in legumes and seeds (c).

3.8. Cluster Analysis

Cluster analysis (CA) is an explorative analysis, which aims to identify homogenous
groups of objects within the data. It can be used to detect structures in data without
explaining why they occur. In order to find similarities between samples, there was applied
hierarchical clustering using Euclidean distance as a distance measure and a single linkage
as an amalgamation rule. The ultimate data matrix was composed of P, K, Cd, Fe, Mn, Ni,
Co, Cr, Cu, Zn, Na, Mg, and Ca. There were two main obtained clusters A and B, however,
three subclusters can be distinguished in B cluster (Figure 2). Cluster A contains objects
representing samples of the Papaveraceae family, i.e., poppy seeds. Cluster B contains the
rest of the objects that were divided into three well-separated subclusters, i.e., B1—pumpkin
seeds (Cucurbitaceae family), B2—oleic seeds (Asteraceae, Pedaliaceae, Cucurbitaceae, and
Linaceae families), and B3—pulses (Fabaceae family). Therefore, it can be concluded that
the results of CA generally confirm the outcome of FA. Thus, this technique allowed the
differentiation of samples within their type and botanical provenance.
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Figure 2. Hierarchical dendrogram for legumes and oleic seeds samples based on 13 elements
including P, K, Cd, Fe, Mn, Ni, Co, Cr, Cu, Zn, Na, Mg, and Ca.

According to our knowledge, there are relevant literature data concerning mineral
composition of legumes and seeds in view of chemometric analysis similar to our ap-
proach [35–42]. A combination of multi-elemental composition with chemometric process-
ing analysis was a useful approach in a deeper understanding of the distribution of the
selected elements and classification of samples with respect to their effective traceability
and authenticity.

4. Conclusions

Plant-based diets are becoming increasingly popular around the world. Therefore,
there is a need for the constant monitoring of plant foods, which can be contaminated
with heavy metals such as Cd or Pb. This study provided data on the fourteen elements’
concentration in legumes and seeds available for consumers not only in Poland but also
abroad as the products analyzed were imported from other European countries, Asia, and
North America.

Among legumes, soybean was characterized as having the highest concentration of
the analyzed elements, i.e., P, Mg, Ca, K, Na, Zn, Cu, Fe, Cr, Co, Ni, Mn, and Cd. In
general, oilseeds were characterized with higher concentrations of the analyzed elements.
However, the concentration range within each group differed significantly, which can result
from varietal differences, as well geographical origin. The most significant differences
were observed in the case of Ca, Mg, P, Fe, Mn, Zn, and Cu. It was found that pumpkin
seeds were the richest source of P (1489 mg/100 g) and Mg (376 mg/100 g). Among all
products, hulled wheat contained the lowest amounts of macrominerals, with the lowest
value noted for Na (0.75 mg/100 g). Lead was below the LOD of the method used, but Cd
levels exceeded the permissible European standards for these food products. There was
also performed an assessment of human exposure to Cd through consumption of these
products in view of PTMI, and 100 g of seeds provided at most 3.70% of this permitted
dose. However, it is worth noting that a plant-based diet might be characterized by much
greater consumption of these products than 100 g monthly. Therefore, we think that all
food products, especially legumes and seeds, available on the market should be strictly
controlled for Cd contamination, as food safety and quality are the most important public
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health issues. The applied multivariate techniques, i.e., FA and CA, proved to be efficient
tools that can be successfully applied to food quality and authenticity assessment. They
allowed the classification of legumes and seeds in view of their type and botanical origin.
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Appendix A

Table A1. Characteristics of the analyzed material.

Product Botanic Name Botanic Family Origin

Legumes
Beans Phaseolus vulgaris L. Fabaceae Poland

Mung bean Vigna radiata Fabaceae Italy
Australia

Peas husked Pisum L. Fabaceae Poland
Peas unhusked Pisum L. Fabaceae Poland

Peas green Pisum L. Fabaceae Poland
Corn Zea mays L. Poaceae Hungary

Lentils, red Lens culinaris Fabaceae Canada
Lentils Lens culinaris Fabaceae Canada

Lentils, green Lens culinaris Fabaceae Canada
Soybean Glycine max Fabaceae Canada

Seeds
Poppy seeds Papaver rhoeas Papaveraceae Czech Republic

Linseed roasted Linum usitatissimum Linaceae Poland

Pumpkin seeds Cucurbita L. Cucurbitaceae Hungary
Belgium

Wheat hulled Triticum L. Poaceae Poland

Linseed Linum usitatissimum Linaceae Poland
Czech Republic

Sesame seeds Sesamum L. Pedaliaceae India

Sunflower seeds Helianthus annuus Asteraceae China
Hungary



Appl. Sci. 2022, 12, 1577 14 of 15

Table A2. Experimental conditions for elements determination by FAAS.

Element Wavelength
(nm)

Burner
Width (cm) Slit (nm) Lamp Cur-

rent (mA)

Deuterium-
Background
Correction

Mn 279.5 10 0.5 4 +
Fe 248.3 5 0.2 6 +
Cu 324.8 5 0.5 3 −
Zn 213.9 5 0.5 5 +
Cr 357.9 10 0.5 5 −
Ni 232.0 10 0.2 5 +
Co 240.7 10 0.2 6 +
Mg 285.2 5 0.5 4 +
Ca 422.7 5 0.5 5 −
Na 589.0 5 0.2 6 −
K 766.5 10 0.5 5 −
Pb 217 10 0.5 6 +
Cd 228.8 10 0.5 4 +
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