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s u m m a r y

The concentration of total iron and iron (ii) extracted by hot twice distilled water was 
analyzed in following medicinal plants collected from natural areas: st Johns wort (Hyperi-
cum perforatum l.), yarrow (Achillea millefolium l.), nettle (Urtica dioica l.) and birch (Betula 
pendula roth.). Total iron was determined by faas method after microwave mineraliza-
tion of samples, whereas fe (ii) was extracted by twice distilled water in temperature of 
85ºc and determined spectrophotometrically with use of o-phenantroline. The obtained 
results indicate that total iron content is from several dozen to more than 200 μg/g of dry 
plant weight and is correlated with plant species. in case of iron (ii) it was determined in 
amounts ten times less than total concentration of the element. it was noticed that level of 
that form of iron is positively related to total amount of iron in analyzed medicinal plants. 
extremely high concentration of both forms of iron was characteristic for one sample of 
nettle collected in the Vistula sand Bar. Based on the conducted research it is possible to 
state that iron on +2 oxidation state extracted by water can become a source of bioavail-
able form of this element for human.
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IntroductIon

iron is one of the microelements indispensable for humans. its delivery with 
food or herbal drugs can supply the organism with this essential metal [1]. The 
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analysis of plants used for medical purposes as a raw material comprises their 
chemical composition also in relation to their macro- and microelement contents. 
However, taking into consideration that medicinal plants are used as water extra-
cts – herbal teas or infuses, it is important to recognize the bioavailable chemical 
forms of the investigated elements which are water soluble, and subsequently, ab-
sorbed in human digestive system. Therefore, the analysis of total concentration 
of essential elements (among them of iron) may not be sufficient to answer the 
question on the level of water extractable iron species, and how much it depends 
on total concentration of that element in a medicinal plant.

The speciation studies on the bioavailable forms of iron in medicinal plants 
used in china and extracts prepared from them have brought the information 
that the iron species detected in herbal drugs depended on the applied type of 
extraction solvent as well as on the analyzed botanical species [2, 3].

The deficiency of bioavailable form of iron on the +2 oxidation state causes 
many diseases. The most popular is anemia [4]. There was performed an investi-
gation on the total and extractable iron species in eight african medicinal plants 
used traditionally against anemia. it was found that water extracts prepared from 
plants contained very low values of studied metal [5]. Moreover, the differences in 
total iron concentration in studied plant material were identified. They depended 
on the analyzed plant part as well as on the botanical species of a plant.

among other elements, the total concentration of iron was often analyzed in 
medicinal plants and in infuses made from them. it was found that iron is poorly 
dissolved in water because only about 5–10% of total iron was determined in wa-
ter extracts of medicinal plants [6-8]. The studies on water extractable species of 
iron in herba hyperici showed that it was determined in values from 3.4 to 11.9% of 
total iron in this plant [9]. 

Taking all of this into consideration, the aim of our investigation was to recog-
nize the level of water extractable iron (ii) in relation to total iron in four species 
commonly used in medicine collected from natural meadows in the Northern Po-
land in order to detect the differences between them as well as to identify the 
factors responsible for that differentiation.

MaterIals and Methods

Plant material

Two collection areas were situated in Northern Poland in meadows in the sub-
urbs of Gdańsk (Gdańsk Brzeźno and Gdańsk oliwa – Dolina radości), the third 
near small village Piaski on the Vistula sand Bar, and the fourth in suburbs of 
olsztyn-Jaroty. The medicinal plants were as follows: the whole plants of st Johns 
wort (Hypericum perforatum l. – samples 1, 2 and 3), yarrow (Achillea millefolium 
l. – samples 4, 5, 6 and 7), leaves of nettle (Urtica dioica l. – samples 8, 9, 10 
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and 11) and leaves of birch (Betula pendula roth. – samples 12, 13, 14 and 15). 
whole plants (or their leaves in case of nettle and birch) were cut, then dried in 
shadow in the temperature below 35˚c, ground using the Knifetec (foss-Tecator, 
Denmark) sample mill and, subsequently, kept in polyethylene containers prior to 
the analysis.

Microwave digestion

To prepare the plant materials for total iron determination, accurately weighed 
samples (0.5 g) were digested with the mixture of 30% H2o2 (Pochem, Poland) and 
concentrated 65% HNo3 (selectipur, Merck, Germany), (3:5, v/v) in Uniclever BM-1z 
(Plazmatronika, Poland) unit. Next the samples were transferred to 50 ml volume-
tric flasks and diluted with the twice distilled water obtained from the quarz-glass 
system (Heraeus, switzerland).

extraction

Twice distilled water of temperature of 85˚c was used for the extraction. To 
accurately weighed plant samples (about 1 g) 30 ml of hot water was added then 
stirred on electromagnetic stirrer for 30 min and filtered through paper filter with 
medium-sized pores (filtrak, Germany). The filtrates were collected in the volu-
metric flasks and diluted to 50 ml with twice distilled water.

determination

concentration of total iron was determined with use of 250 Plus atomic absor-
ption spectrometer (Varian, australia), applying standard conditions in air/acety-
lene flame at the analytical wavelength of 248.3 nm. The water extractable form 
of iron was determined basing on the reaction with o-phenantroline at analytical 
wavelength of 512 nm and cell path of 1 cm, using the UV/Vis spectrophotometer 
sP 870 (Metertek, south Korea). The recovery of methods applied for total iron 
checked with use of Virginia Tobacco leaves 2 (cTa-VTl-2) certified reference ma-
terial, and for fe(ii) determination obtained with use of standard addition method 
was equal to 92.1% and 95.0%, respectively [10].

calculations

The correlation analysis was performed with the use of statistica (statsoft, Po-
land) software.
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results and dIscussIon

as shown in Table 1, the results of the determination of total and extractable 
iron differed between analyzed plant samples. in general, the range of concen-
tration in which total iron was found in all samples varied from 7.56 μg/g of dry 
weight (d. wt.) in one herb of st Johns wort (sample 1) collected in Gdańsk-Brzeź-
no, to 229.48 μg/g d. wt. in nettle (sample 10) harvested in Piaski. when compa-
ring the average level of total iron in all analyzed samples, it is possible to notice 
that its concentration differentiated less among all four samples of birch (12-15) 
and four samples of yarrow (4-7) than in other two plant species. Total level of 
iron determined in all samples of nettle (8-11) and among analyzed samples of st 
Johns wort (1-3) was particularly different. These results indicate that total con-
centration of iron was determined on similar level in plant samples of the same 
botanical species. Therefore, such results confirm the conclusions of other rese-
archers who also noticed that total iron content may depend on genetic factors. 
That means that several medicinal plants cumulate more iron in their tissues then 
others [6-9].

ta b l e  1 .

results of determination of total and extractable iron in medicinal plants. The values are the range 
and the arithmetic mean of 6 determinations

sample number collection area total iron [μg/g d. wt.] iron (ii) [μg/g d. wt.] iron (ii)/total iron [%]
1
2
3

Gdańsk-Brzeźno Piaski
olsztyn-Jaroty

    6.67–8.87; 7.56
  24.38–27.29; 26.06
  31.71–34.65; 32.91

  6.19–6.22; 6.20
  3.99–4.05; 4,02
  6.37–6.46; 6.41

82.0
15.4
19.5

4
5
6
7

Gdańsk-Brzeźno
Gdańsk-oliwa
Piaski
olsztyn-Jaroty

  20.13–21.70; 20.79
  24.62–28.46; 26.54
  20.97–25.45; 23.26
  16.13–16.55; 16.36

  3.24–3.31; 3.28
  2.85–2.94; 2.89
  4.78–4.82; 4.80
  5.15–5.25; 5.20

15.8
10.9
20.6
31.8

8
9

10
11

Gdańsk-Brzeźno
Gdańsk-oliwa
Piaski
olsztyn-Jaroty 

  58.93–74.83; 67.01
  37.12–42.60; 40.17
223.82–235.37; 229.48
  27.53–32.71; 30.76

11.30–11.38; 11.34
11.26–11.31; 11.28
24.04–24.13; 24.09
11.35–11.43; 11.39

16.9
28.1
10.5
37.0

12
13
14
15

Gdańsk-Brzeźno
Gdańsk-oliwa
Piaski
olsztyn-Jaroty

  15.13–22.20; 18.41
  26.91–27.11; 27.01
  23.63–29.19; 26.48
  17.72–18.53; 18.02

  1.63–1.69; 1.66
  1.63–1.75; 1.70
  0.70–0.79; 0.75
  2.74–2.81; 2.77

  9.0
  6.3
  2.8
15.4

water extractable species of iron – fe (ii) (Table 1) differ less between samples 
of the same plant species than between different plants samples. The highest ave-
rage level of iron (ii) was found in all samples of nettle (samples 8-11), especially 
in the sample 10 harvested in Vistula sand Bar. lower amounts of fe (ii) were de-
termined in all samples of st Johns wort (samples 1-3) and yarrow (samples 4-7), 
and the lowest in all samples of birch (samples 12-15).

in order to find a relationship between extractable iron and its total concentra-
tion in all analyzed plant samples the correlation analysis was performed (fig. 1). 
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The statistically significant (α<0.05) linear correlation coefficient of 0.87, both 
calculated for all 15 samples, and the value of r=0.61 calculated for 14 samples 
(after discarding sample 10, due to its value outstanding from the other results) 
indicate a strong positive relation between water extractable iron and total iron 
in the set of investigated medicinal plants. iron correlates positively with al [11], 
cu, cr, co and Mg [12] in plants, and negatively with ca and sr [12]. However, in 
this study the correlation between total iron and extractable iron was established 
for investigated plants collected in natural areas.
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figure 1.
relation between total and extractable iron:
a) for 15 plant samples
B) for 14 plant samples (after elimination of sample 10 with extremely high concentration of iron)
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analysis of the extraction efficiency of twice distilled hot water used as extraction 
solvent is shown in the last column of Table 1. it is noticeable that fe (ii) level ranges 
from 2.8% of total iron in one of the birch samples (14) to 82.0% of total iron in the 
sample of st Johns wort (1). These two values are extremely low and high, respecti-
vely, but the average ratio of fe (ii)/total fe is 18.2% of total iron in all plant samples, 
as calculated excluding the two extremes. This is an extraction ratio more similar to 
values known from the literature [6-9], indicating that preparation of water extracts 
of medicinal plants – infusions or decoctions may deliver to human digestive system 
rather low bioavailable fraction of total iron present in plant material.

conclusIons

The study on the total and water extractable iron species in four popular me-
dicinal plants revealed that the amount of bioavailable iron is correlated to total 
concentration of that metal in all plant samples. Moreover, the preparation of 
hot water extracts, as commonly applied by people, can deliver 18% of the total 
iron present in a plant (on average) to the water extract, which can be treated as 
bioavailable fraction of iron. The differences in total and extractable iron level 
were more associated with the origin of the studied plants of different botanical 
species then to the fact that they were harvested in different areas. 
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s t r e s z c z e n i e

analizie poddano zawartość żelaza całkowitego oraz żelaza (ii) ulegającego ekstrakcji 
gorącą wodą redestylowaną w następujących roślinach leczniczych zebranych ze stanu 
naturalnego: dziurawcu zwyczajnym (Hypericum perforatum l.), krwawniku pospolitym (Ach-
illea millefolium l.), pokrzywie zwyczajnej (Urtica dioica l.) oraz brzozie brodawkowatej (Bet-
ula pendula roth.). Żelazo całkowite oznaczono metodą faas po uprzedniej mineralizacji 
mikrofalowej próbek, natomiast fe (ii) ekstrahowano wodą redestylowaną o temp. 85ºc 
i oznaczano spektrofotometrycznie, stosując o-fenantrolinę. Uzyskane wyniki wskazują, 
że zawartość żelaza całkowitego stanowi od kilkudziesięciu do ponad 200 μg/g suchej 
masy surowca, i jest uzależniona od przynależności gatunkowej analizowanej rośliny. 
w przypadku żelaza (ii), oznaczono go w ilości dziesięciokrotnie niższej niż całkowitą 
zawartość pierwiastka. stwierdzono, że poziom tej formy żelaza wykazuje korelację 
dodatnią z zawartością żelaza całkowitego w badanych roślinach leczniczych. szczegól-
nie wysoką zawartością obu form żelaza charakteryzowała się jedna z próbek pokrzywy 
zebrana na Mierzeji wiślanej. Na podstawie przeprowadzonych badań można stwierdzić, 
że żelazo na +2 stopniu utlenienia, ulegające ekstrakcji wodą, może stanowić źródło 
biodostępnej formy tego pierwiastka dla organizmu człowieka.

Słowa kluczowe: żelazo całkowite, żelazo(II), ekstrakcja, rośliny lecznicze, zbiór ze stanu naturalnego


