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The growing interest in medicinal plants as
alternative or supporting sources of natural drugs in
the modern therapy is the reason for their intensive
investigation (1). It is known that changes in the
environment are reflected in the chemical composi-
tion of plants. Therefore, medicinal plant raw mate-
rials should be analyzed in aspect of their secondary
metabolites contents, but also for their mineral con-
stituents, which are known to influence their med-
ical action (2). Nowadays there is a tendency to ana-
lyze not only the total concentration of elements in
plants used in medicine, but also to study the chem-
ical species, which are present in the herbal drugs or
teas obtained from them (3). 

Analyzing water soluble forms of iron in infu-
sions of leaves, roots and fruits of medicinal plants
it was found that this element is extracted by water
only in small percent (4). Moreover, the different
acidity of digestive site, also different composition
of Chinese traditional herbal drug, greatly affected
on the species and quantification of iron (5, 6). The
use of the speciation analysis for the selected species
of medicinal plants and their water extracts allowed
to state, that Mg and Mn can probably form com-

pounds with carbohydrates, and Zn with polyphe-
nols (2).

Fruits of medicinally important plants were
analyzed for their elemental composition and sec-
ondary metabolites - polyphenols content by the use
of the principal component analysis (PCA), which
grouped the samples to different classes (7). It was
found that the most influencing factors on the dif-
ferentiation of fruits were metals. The chemical
composition of medicinal raw plant materials was
analyzed, to find that PCA can be a supporting sta-
tistical tool leading to the differentiation of herbal
samples (8). Moreover, the use of PCA greatly
helped in the interpretation of the results obtained
for the metal content in medicinal plants and drugs
prepared from them, enabling the classification of
the samples on the ground of their metal level (9).

Taking above into account, the aim of this study
was to get knowledge on the water extractable forms
of three indispensable for life elements ñ nitrogen,
phosphorus and iron in relation to the plant species,
from which the fruits were taken, as well as to inves-
tigate potential possibility to deliver bioavailable
forms of the studied essential elements to human
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organism. In order to extract the useful and proper
conclusion from the chemical database, a statistical
tool - the principal component analysis, has been used.

EXPERIMENTAL

Plant material

The medicinal plant raw materials were pur-
chased at a pharmacy and originated from several
Polish herbal enterprises (Kawon-Gostyn,
Herbalux-Warsaw, Flos-Mokrsko, Herbapol-
Lublin, Boguccy-Cracow, Libra-Gdynia and
Labofarm-Starogard Gd.). The samples are present-
ed in Table 1. They were ground using the Knifetec
(Foss-Tecator, Denmark) sample mill and were kept
in plastic containers prior to the analysis.

Microwave digestion

Microwave digestion of accurately weighed
plant sample (0.5 g) was done with the use of the

mixture: 30% H2O2 (POCh, Poland)/concentrated
65% HNO3 (Selectipur, Merck, Germany) (3:5, v/v).
Decomposition of samples was done in the
Uniclever BM-1z (Plazmatronika, Poland) unit.
After this process, the samples were transferred to
50 mL volumetric flasks and diluted with the double
distilled water obtained from the quarz-glass system
(Heraeus, Switzerland).

Wet digestion

In order to prepare the plant materials for the
total nitrogen determination, the accurately
weighed plant sample (0.1-0.3 g) was transferred to
Kjeldahl flask. Next, 5 mL of 30% H2O2 solution
and 10 mL of concentrated H2SO4 solution (both
from POCh, Poland) were added and the sample
was digested until the solution became clear. Then
it was transferred to the volumetric flask and the
volume up to 100 mL was done with the double dis-
tilled water.

Table 1. Studied plant material.

Sample Plant Plant
Herbal enterprisenumber Material Species

1 Fructus Anisi Kawon, Gostyn

2 Fructus Anisi Pimpinella anisum L. Herbalux, Warsaw

3 Fructus Anisi Labofarm, Starogard Gd.

4 Fructus Sorbi Sorbus aucuparia L. Labofarm, Starogard Gd.

5 Fructus Carvi Carum carvi L.
Kawon, Gostyn

6 Fructus Carvi Labofarm, Starogard Gd.

7 Fructus Coriandrii Coriandrum sativum L.
Herbalux, Warsaw

8 Fructus Coriandrii Labofarm, Starogard Gd.

9 Fructus Crataegi Crataegus oxyacantha L.
Flos, Mokrsko

10 Fructus Crataegi Herbapol, Lublin

11 Fructus Foeniculi Boguccy, Cracow

12 Fructus Foeniculi Foeniculum vulgare Mill. Herbapol, Lublin

13 Fructus Foeniculi Labofarm, Starogard Gd.

14 Strobili Lupuli Humulus lupulus L.
Libra, Gdynia

15 Strobili Lupuli Labofarm, Starogard Gd.

16 Fructus Phaseoli
sine seminae Phaseolus vulgaris L.

Herbapol, Lublin

17 Fructus Phaseoli
sine seminae

Labofarm, Starogard Gd.

18 Fructus Myrtilli Vaccinium myrtillus L. Herbapol, Lublin

19 Fructus Rosae Rosa canina L. Herbalux, Warsaw

20 Fructus Rubi idaei Rubus idaeus L. Herbalux, Warsaw

21 Gemmae Populi Populus nigra L. Labofarm, Starogard Gd.

22 Semen Lini Linum usitatissimum L.
Libra, Gdynia

23 Semen Lini Labofarm, Starogard Gd.

24 Semen Sinapis albae Sinapis alba L. Herbalux, Warsaw

25 Semen Psylli Plantago psyllium L. Labofarm, Starogard Gd.
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Extraction

The double distilled water of temperature of
85OC was used for the extraction. To the accurate-
ly weighed amount of plant sample (about 1 g) 30
mL of hot water was added, then stirred on electro-

magnetic stirrer for 30 min and filtered through
paper filter with mediumñsized pores (Filtrak,
Germany). The filtrate was collected in the volu-
metric flask and diluted to 50 mL with double dis-
tilled water.

Figure 1. Principal components scores (A) and loadings (B) plot of PC1 versus PC2.



388 PAWE£ KONIECZY—SKI and MAREK WESO£OWSKI

Determinations

The concentration of non-metals and their
forms, as well as Fe(II) in water extracts were deter-
mined spectrophotometrically, whereas the total
iron by the flame atomic absorption spectrometry.
The characterization of the applied analytical meth-
ods is given in Table 2.

Calculations

All statistical calculations were done using of
the Statistica (Statsoft, Poland) software.

RESULTS AND DISCUSSION

Total concentration of elements

The total concentrations of nitrogen, phospho-
rus and iron, as well as their water extractable forms
in the studied samples, are presented in Table 3.
Nitrogen and phosphorus were determined in the
range of concentration of mg/g, whereas iron in
mg/kg, and are on the comparable level, as reported
in the literature (3, 7-10).

In general, fruits of medicinal plants can be dif-
ferentiated on the basis of their total elements level,
confirmed by some characteristic samples. There are
for instance Fructus Carvi (sample number 6) and
Semen Lini (sample number 23) with high level of
both non-metals, or Semen Psylii (25), in which high
concentration of nitrogen and iron was found. The
samples of fruits, in which very low level of the ana-
lyzed elements were detected, are both of Fructus
Phaseoli (samples 16 and 17) and Fructus Crataegi
(9). The differences in the total element level can be
explained by the genetic factor - the origin of the
fruits from plants from different plant species, and
the conditions, in which given plant was grown. In
fruits originating from the same plant species, in
several cases, almost the same level of elements was
determined. This was observed in two samples of
Fructus Phaseoli (16 and 17). Analyzing the results
in three samples of Fructus Anisi (samples 1-3) orig-
inating from three different herbal enterprises, it was
noticed that the highest level of nitrogen was found
in the sample 3, whereas the concentration of the
total phosphorus remained almost on the same level
in all three samples. The concentration of total iron
in the analyzed three samples is quite different, the
lowest was determined in the sample numbered 3,
the highest in the sample 2. The similar analysis can
be done for the three samples of Fructus Foeniculi
(11-13). In that case, the differentiation is more evi-
dent, when comparing the results of the determina-
tion of total nitrogen and iron. Especially rich in
these elements is sample 13 from northern Poland.
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Again, the level of the total phosphorus determined
in Fructus Foeniculi is similar in all three samples,
confirming the fact that the concentration of that
non-metal is less differentiated in comparison with
the total nitrogen and iron in fruits.

Water extractable forms of elements

The analysis of the water extractable forms of
nitrogen, phosphorus and iron, showed also in Table
3, revealed that the level of phosphate phosphorus is

the highest in comparison with the concentration of
nitrate nitrogen and iron(II) in fruits of the analyzed
plants. Moreover, the percentage of the water
extractable forms related to the total level of the
three elements is quite different. It is evident that the
phosphorus soluble in water is sometimes more than
50% of the total concentration of that non-metal,
whereas the nitrate nitrogen extracted under the
same conditions, is much lower. Also the water
extractable and potentially bioavailable form of iron

Table 3. Content of elements and their forms (mean concentration of 6 determinations ± standard deviation).

Sample Total N N-NO3 Total P P-PO4 Total Fe Fe (II)
number [mg/g] [mg/kg] [mg/g] [mg/g] [mg/kg] [mg/kg]

1 10.58±1.32 60.00±2.00 4.00±0.14 1.30±0.12 48.36±0.53 5.52±0.04

2 9.32±0.76 18.28±0.77 5.66±0.12 1.39±0.06 132.39±4.02 4.49±0.19

3 28.27±0.68 171.18±1.79 4.51±0.11 2.07±0.09 33.36±2.16 7.30±0.28

4 7.09±0.08 507.41±9.17 1.43±0.11 0.45±0.03 18.35±1.02 1.11±0.08

5 8.58±1.21 40.20±4.12 5.60±0.02 1.57±0.09 16.89±0.86 4.61±0.22

6 34.34±1.73 475.01±4.23 7.11±0.27 2.52±0.18 32.53±0.88 6.37±0.30

7 8.38±1.22 40.10±0.89 6.21±0.05 1.37±0.18 12.89±0.72 3.52±0.23

8 17.39±0.68 327.67±3.59 4.64±0.30 1.71±0.09 18.58±0.74 5.20±0.10

9 4.33±0.33 38.67±2.76 0.94±0.10 0.63±0.06 7.23±0.43 0.95±0.01

10 5.38±0.62 14.04±0.73 1.38±0.09 0.61±0.10 18.04±0.49 0.45±0.01

11 6.34±0.14 42.07±0.83 5.78±0.15 1.11±0.08 30.96±1.83 2.91±0.10

12 5.26±0.32 49.26±0.91 4.77±0.05 1.25±0.10 22.67±0.15 2.59±0.05

13 25.06±1.03 181.29±3.89 4.61±0.05 1.56±0.05 58.40±1.01 5.71±0.29

14 9.66±1.01 117.75±5.19 4.27±0.08 2.31±0.12 36.62±1.23 1.25±0.15

15 25.72±0.67 1377.03±39.36 5.12±0.27 2.68±0.04 70.00±1.47 2.39±0.16

16 2.75±0.36 15.48±0.61 0.96±0.10 0.54±0.06 15.23±0.47 0.48±0.04

17 5.62±0.23 260.99±4.05 0.88±0.02 0.27±0.01 10.73±0.40 1.29±0.02

18 4.78±0.09 527.05±34.89 0.87±0.03 0.64±0.08 21.92±2.24 16.53±1.15

19 3.83±0.46 432.09±25.15 1.08±0.10 0.68±0.11 8.98±0.28 3.77±0.02

20 7.31±0.32 166.42±11.73 1.62±0.04 0.12±0.01 7.94±0.12 3.55±0.02

21 13.28±0.58 245.97±9.91 2.82±0.18 0.59±0.01 25.79±0.78 0.50±0.02

22 8.72±0.15 10.15±0.67 4.87±0.11 1.30±0.23 10.66±1.06 5.08±0.06

23 31.84±0.79 30.10±1.20 7.25±0.30 1.51±0.03 25.68±0.78 5.28±0.14

24 9.09±0.73 40.96±1.66 6.84±0.97 3.15±0.19 30.38±0.39 1.15±0.17

25 29.30±1.33 212.74±3.97 4.91±0.25 0.78±0.01 287.54±7.71 1.89±0.06

Table 4. Results of correlation analysis. Statistically significant (α < 0.05) correlation coefficients are in bold type.

Total N N-NO3 Total P P-PO4 Total Fe Fe(II)

Total N 1

N-NO3 0.31 1

Total P 0.58 0.01 1

P-PO4 0.50 0.22 0.76 1

Total Fe 0.43 0.07 0.26 0.05 1

Fe(II) 0.19 0.16 0.07 0.08 -0.06 1
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is extracted in a small percent of the total amount of
that element determined in the analyzed fruits. Even
in the sample relatively rich in iron ñ Semen Psylli
(25), the level of iron(II) was found as very low
value, providing the information, that in fact it can
not be treated as the source of iron for people, who
take the infusions of that particular fruit. The same
can be stated for the other fruits, like for example the
sample of Fructus Anisi (2) and Lupuli (15), also
rich in the total iron but poor in its extractable form. 
As for the level of nitrate nitrogen extracted from
the fruits and seeds, it was noticed that it covers
wide range of concentration, as shown in Table 3.
For example, analyzing the level of the nitrate nitro-
gen in relation to the total nitrogen determined in
two samples of Fructus Carvi (5, 6), it is evident that
they represent different concentration of that ele-
ment. In the sample numbered 6, the nitrate nitrogen
is on a high level, but in the other one (sample 5), is
quite low. Similar remarks can be done for the sam-
ples of Fructus Crataegi (11-13). Characteristic are
results obtained for the samples of Strobili Lupuli
(14, 15), because in one of them (sample numbered
15), the highest of all analyzed fruits level of nitrate
nitrogen was found. 

Analyzing the results, the question arises,
whether it is safe to take the fruits of medicinal
plants for the preparation of herbal drugs in aspect
of their nitrate nitrogen contents. According to the
WHO regulations (11), Acceptable Daily Intake
(ADI) for nitrates for humans is 3.7 mg/kg of the
body weight. Assuming that a patient can take daily
about 4 g of Strobili Lupuli (15) in a form of water
infusion, there is no danger of exceeding the maxi-
mum allowed concentration of NO3

- in plant drug,
because the amount of nitrates does not exceed the
ADI. 

Analyzing the water extractable form of phos-
phorus it was noticed that in many samples contain-
ing the high level of this element also the relatively
high concentration of phosphate phosphorus was
found. As examples, the samples of Fructus Carvi
(6) and Semen Synapis albae (24) can be given. This

form of phosphorus, as reported by Duhan et al.
(12), can be potentially treated as antinutrient factor,
decreasing the bioavailable concentrations of some
metals, like iron or calcium.

Correlation analysis

As shown in Table 4, correlation analysis
revealed some important relations among the ana-
lyzed elements and their water extractable forms.
Characteristic is the statistically significant correla-
tion between the total concentration of nitrogen and
phosphorus, justified by their participation in the
same biochemical reactions in living organisms.
Also the relation between the total nitrogen and total
iron exists, together with the correlation between the
total nitrogen and phosphate phosphorus. The latter
form of phosphorus is also correlated to the total
phosphorus concentration in fruits. Surprisingly, no
statistically significant relation between the total
iron and extractable iron(II), and between the total
nitrogen and the nitrate nitrogen, was found. This
indicates that the fruits of medicinal plants, contain-
ing relatively high levels of nitrogen and iron, may
not always be treated as plant materials, which can
be a source of the bioavailable forms of these ele-
ments for humans. 

Principal component analysis

Basing on the results presented above, it is not
easy to classify the fruits of medicinal plants as rich
or poor in the analyzed elements and their bioavail-
able species. Therefore, the useful statistical tool,
which can help in the interpretation of the results, is
the principal component analysis (PCA) (7-9, 13,
14). In this study, the matrix of experimental data
contained the results of the determination of ele-
ments and their water extractable forms as columns
(six variables) and 25 samples of fruits as rows.
After the PCA calculation, the matrix was obtained
with six new variables, from which the first two
were chosen for the further analysis, as shown in
Table 5. The distribution of the samples, illustrated
in the Fig. 1A allow to state that the fruits of medic-

Table 5. Results of PCA calculations.

Principal component Eigenvalue Variance [%] Cumulated variance [%]

1 2.43 40.6 40.6

2 1.19 19.8 60.4

3 1.05 17.5 77.9

4 0.85 14.1 92.0

5 0.34 5.7 97.7

6 0.14 2.3 100.0
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inal plants are grouped along the principal compo-
nent axis based on their contents of non-metals and
their water extractable chemical forms. In the cen-
tral part of the plot, there are fruits with the medium
concentration of analyzed elements, and on the left
side the samples with low level of nitrogen, phos-
phorus and their forms. It is also possible to identify
some characteristic samples in the plot. For instance,
the sample numbered 18 ñ Fructus Myrtilli, is locat-
ed in the upper left corner of the plot, which is
caused by its chemical composition, especially rich
N-NO3 content. Similar observation may be done in
case of Strobili Lupuli (sample 15) and Fructus
Carvi (sample 6), which are in the right side of the
plot. Such a location of these samples is caused by
their high level of the total and nitrate nitrogen. Fig.
1B reveals, which variables have the strongest
impact on the differentiation of fruits. The level of
total nitrogen and phosphorus, also phosphate phos-
phorus are responsible for the distribution of the
samples along the PC1 axis, whereas the concentra-
tion of nitrate nitrogen and iron (II) on the location
along the PC2 axis. As reported by Plessi et al (7),
the total phosphorus, potassium and calcium were
responsible for the distribution of fruits in the PCA
plot, so it was partly confirmed in our investigation,
especially in relation to the total phosphorus. 

Trying to classify the studied fruits according to
the plant species or the origin from the different
places of cultivation in distant regions of the country,
PCA may also be useful statistical tool. Basing on the
example of Fructus Anisi (samples 1-3) it is possible
to study their distribution on Fig. 1A and to state, that
sample 3, which originated from the northern Poland,
is shifted towards higher values of PC1 in comparison
with the other two samples. It is caused by the higher
concentration of total nitrogen in that sample, than in
the other two. However, all three samples of Fructus
Anisi may be described as having similar location in
the central part of the plot, and are more differentiat-
ed along the PC1 value. Therefore, the origin of fruits
and seeds from different regions of cultivation in
some cases had its influence on their distribution, as
well as the fact that fruits were taken from the plants
belonging to the same plant species.

CONCLUSIONS

The analysis of water extractable forms of
nitrogen, phosphorus and iron allow to state, that
water extracts obtained from fruits of medicinal

plants may deliver potentially bioavailable form of
phosphorus to human organism, but they are rather
poor source of available iron or nitrogen. The nitrate
nitrogen was not detected on the limit, which can
potentially be treated as hazardous for people, who
often prepare and drink infusions from fruits of
medicinal plants. However, the level of nitrate nitro-
gen ought to be monitored in plants, which are used
in medicine.

Thanks to the use of PCA, fruits of medicinal
plants can be differentiated based mainly on their
total nitrogen and phosphorus contents, also the
water extractable chemical forms of these elements
are important for their evaluation from the point of
view of the similarities in their chemical composi-
tion.

REFERENCES

1. Goldman P.: Ann. Int. Med. 135, 594 (2001).
2. Weber G., Konieczynski P.: Anal. Bioanal.

Chem. 375, 1067 (2003).
3. Basgel S., Erdemoglu S. B.: Sci. Total Environ.

359, 82 (2006).
4. Konieczynski P., Wesolowski M.: Bromat.

Chem. Toksykol. 38 (Suppl.), 305 (2005).
5. Shun-Xing L., Nan-Sheng D.: J. Pharm.

Biomed. Anal. 32, 51 (2003).
6. Shun-Xing L., Nan-Sheng D., Feng-Ying Z.:

Bioorg. Med. Chem. Lett. 14, 505 (2004).
7. Plessi M., Bertelli D., Rastelli G., Albasini A.,

Monzani A.: Fresenius J. Anal. Chem. 361, 353
(1998). 

8. Wesolowski M., Konieczynski P.: Int. J. Pharm.
262, 29 (2003).

9. Razic S., Onjia A., Dogo S., Slavkovic, L.,
Popovic A.: Talanta 67, 233 (2005).

10. Szentmihalyi K., Then M.: Acta Aliment. 29, 43
(2000).

11. Forty-forth Report of the Joint FAO/WHO
Expert Committee on Food Additives.
Evaluation of certain food additives and con-
taminants, pp. 32-34, Geneve 1995.

12. Duhan A., Khetarpaul N., Bishnoi S.: Food
Chem. 78, 9 (2002).

13. Massart D. L., Vander Heyden Y.: LC∑GC
Europe 17, 586 (2004). 

14. Massart D. L., Vander Heyden Y.: LC∑GC
Europe 18, 84 (2005).

Received: 8.01.2007


