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Introduction

The tea-drinking habit is worldwide spread [1], as evidenced 
by the fact that except for water, tea infusion is the most 
widely consumed drink [2]. As about 18–20 billion cups 
of tea are consumed in the world each day, there is both the 
economic and social interest in this product [3]. Stimulant 
beverages such as coffee or tea are commonly known to be 
a source of certain micro- and macroelements. The concen-
tration of these elements in the beverage depends on many 
factors: the species, the genetics of the plant, the age of the 
plant when harvested, soil conditions, rainfall and geograph-
ical location of the plantation, as well as the conditions dur-
ing infusion preparation [4]. Seeing that tea is consumed in 
a considerable amount, and therefore becomes a part of our 
daily diet, the assessment of the nutrient and mineral compo-
sition of this product is of great importance in order to judge 
its nutritional value and assess its possible health effects 
on the consumers. Furthermore, the information about the 
amounts of elements in tea increasingly attracts the atten-
tion of consumers and producers [1, 5, 6]. Many studies that 
explored the possible medicinal properties of the tea have 
focused on its organic chemical components. Considerably 
less research has been conducted on the nutritional value 
of tea, especially rare are comparative studies for the same 
minerals in the dry tea material and the infusion [5].

Tea is made from the leaves and young shoots of 
Camellia sinensis (L.) Kuntze [2, 6, 7]. About 80% of 
produced tea is manufactured as the black tea, which is 
the most popular in Western countries [8]. The production 
of black tea involves five steps: withering, rolling (crush-
ing and macerating of leaves), fermentation (resulting in 
significant compositional changes), firing and sorting into 
appropriate grades. The commercially available teas differ 
in respect of the quality, flavour, size of leaves, chemical 
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composition, color and many other features. The differ-
ences are related mostly to the particular methods of pro-
duction and the localization of cultivation [6, 9]. The leaf 
tea, considered a good quality tea, is produced from a bud 
and two to four young top leaves [10]. Other types of tea, 
classified with respect to the size, are: brokens, fannings 
and dust. They have a less coarse texture than the whole 
leaf tea and are considered less valuable. Broken tea leaves 
are usually sold as medium grade loose teas or manufac-
tured together with fannings and dusts for the use in tea 
bags [11].

The chemical composition of tea is very complex and 
consists of tannin substances, alkaloids, flavonoids, proteins, 
enzymes, aroma forming substances, vitamins, minerals and 
trace elements [1, 7]. Tea leaves may contain a substantial 
amount of metals such as Cu, Fe, Mn, and Zn [12]. Also Ca, 
F, K and Mg contents were proved to be very high in both 
tea leaves and beverages [8, 13, 14]. These minerals play an 
important role in human organism. They are found in the 
structure of teeth (Ca, P, and F) and bones (Ca, Mg, Mn and 
F), play a vital role as a structural part in many enzymes 
(Cu, Fe, Mn and Zn) and in the formation of erythrocyte 
cells (Fe) as well as the control of blood pressure (Ca and 
K). Some minerals are also involved in immune (Ca, Mg, Cu 
and Zn) and brain (Mn) systems [15].

While brewing, elements included in tea leaves are 
extracted into water, so the infusion can be a reliable dietary 
source of some minerals and nutrients, which must be sup-
plied in the human diet in order to meet the requirements 
for optimal functioning [12, 16]. The actual amount of ele-
ments that can get into the human body, are affected by many 
factors including: the total element content in dry tea, the 
amount of tea used to prepare an infusion, characteristics 
of water used for brewing, the brewing time, fraction of the 
total content extracted to the infusion and the bioavailabil-
ity of elements when drinking the beverage [6, 8, 13, 17]. 
Since the manufacturing process has a strong influence on 
many features of the tea, the type of tea chosen by consum-
ers is important in view of the intake of certain elements 
and hence on the health benefits or harmful effects of tea. 
The potential impact of macro- and microelements contained 
in tea to the human organism can be estimated by deter-
mining their amount extracted to the tea infusion [13]. The 
knowledge about nutrients and metals content in beverages is 
important due to the possibility of estimating their contribu-
tion to the nutrition requirements [17, 18].

In the present study the concentrations of Ca, F, K, Mg, 
Na and P in leaf and bagged black tea from the same brands 
and in their infusions were determined and compared. The 
objective of the present investigation was to evaluate the 
percentage transfer of the elements to the tea infusion and 
determine concentrations of macroelements and F in bagged 
and leaf black tea of the same brand and to assess whether 

tea drinking could contribute to the daily nutritional mineral 
requirements of consumers.

Materials and methods

A selection of ten leaf black teas and ten bagged black teas 
of the same brand was purchased from the local stores in 
Wrocław, Poland. The teas were chosen among worldwide 
commercialised brands to ensure a wider range of the con-
sumer’s interest. Table 1 presents information about a type 
of each tea, its name, the producer, the geographic origin 
and the recommended time of steeping. The procedure fully 
described in Dambiec et al. [19] was followed for the prepa-
ration of samples of dry teas and tea infusions as well as the 
quality control of experiment.

Prior to analysis, five infusion bags were randomly 
selected from each box of tea and their contents were mixed 
[6, 13, 17]. Results of Cao et al. [20] study proved that the 
paper bag did not affect the content of elements in the tea 
infusion so further analyses were performed on teas without 
bags. Samples of both bagged and leaf teas were dried at 
50 °C to constant weight and stored in a desiccator at room 
temperature.

Analysis of dry tea material

Prior to analysis of the total alkali metal and phosphorus 
concentrations in dry teas, the material was milled into 
fine powder in a laboratory mill IKA Labortechnik M20 
to obtain a representative sample. Then samples (1.0 g) 
were digested in an open system with concentrated nitric 
acid (HNO3) (65%, analytical grade) and hydrogen perox-
ide (H2O2) (30%, analytical grade). During the process, the 
temperature was raised to 95 °C until the evolution of nitrous 
oxide gas stopped and the clear solutions were achieved. 
Subsequently, the digests were cooled and diluted to 100 mL 
with deionized water in volumetric flasks and then filtered 
to remove any turbidity or particles. Magnesium concentra-
tion was determined using FAAS (AVANTA PM by GBC 
Scientific Equipment, Braeside, Australia); Ca, K and Na 
concentrations using a flame photometer (JENWAY Ltd. 
PFP7, Stone, UK) and P concentration by FIA (MLE GmbH, 
Dresden). The total F content was analysed with the poten-
tiometric detection using the combination fluoride electrode 
from Sentek (Braintree, UK) and microprocessor-pH-meter 
HI 9107 from HANNA Instruments (Kehl am Rhein, Ger-
many) after extraction from dry pulverized samples with 
HNO3 followed by aqueous potassium hydroxide (KOH) 
according to AOAC method for fluoride determination in 
plants [21].
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Analysis of infusions

The tea infusions were prepared by pouring boiling deion-
ized water (80 mL) over broken tea leaves (2.0 g to represent 
the typical quantity used by tea drinkers to prepare one cup 
of tea) in a 250 mL beakers and stirred using a glass rod to 
ensure proper wetting of leaves and extraction of organic 
and inorganic matter. Each tea infusion was covered with a 
watch-glass to minimize evaporation and allowed to steep 
for 5 min (recommended brewing time, according to the 
tea industry’s). Then, the solution was filtered, cooled and 
diluted with deionized water to 100 mL in a volumetric flask. 
Calcium, K, Mg, Na, and P concentrations were determined 
using the methods described above. For F determination, 
25 mL of the tea infusion was added to 25 mL of TISAB 
(total ionic strength adjustment buffer) solution and the 
potentiometric detection of F was carried out as described 
above.

Chemicals and reagents

HNO3, KOH, H2O2, HCl and TISAB were of analyti-
cal grade and supplied by Chempur® (Piekary Śląskie, 
Poland). Atomic absorption standard solutions of Ca, 
Mg, K, Na at a concentration of 1.000 g L−1 and P at a 

concentration of 1.000 mg L−1 were obtained from Sigma-
Aldrich® (Poznań, Poland).

Quality control

For all segments of the experiment, plastic and labora-
tory glassware were cleaned by rinsing with a 10% HCl 
and next with distilled water. All solutions in the experi-
ment were prepared using deionized water. All analyses 
were performed on three separate weighted portions of 
each sample in order to determine the precision of meas-
urements. Blank samples were prepared by following the 
same protocol but without dry tea material or infusion. 
The results were calculated on a dry weight basis. The 
reproducibility of the methods used was compared to the 
results of an inter-laboratory study through analysing ref-
erence material Bush Branches and Leaves, NCS DC73348 
LGC standards (China National Analysis Center for Iron 
& Steel, Beijing, China). The average recovery rate, cal-
culated as a ratio: (the measured element content in ana-
lysed certified reference material/content reported by pro-
ducer)*100%, was found to be 100 ± 3 (percent ± standard 
deviation) (Table 2).

Table 1   Description of studied brands of commercially purchased black teas

a According to the instructions given by tradesmen

Tea type Tea sample Name Producer/importer Origin Steep-
ing time 
(min)a

Bagged tea 1 Tetley classic Tata Global Beverages Polska Sp. z o.o., Poland Indefinite origins 3
2 Loyd tea Ceylon Mokate S.A., Poland Sri Lanka 4–5
3 Dilmah Ceylon gold MJF Holdings Ltd., Sri Lanka Sri Lanka 3–5
4 Sir Roger Yunnan ROGER Sp. z o.o., Poland China 3–5
5 Posti Yunnan POSTI S.A., Poland China 4–6
6 Lipton yellow label tea Unilever Polska Sp. z o.o., Poland Indefinite origins 1–2
7 Ahmad tea English No. 1 Ahmad tea LTD Sri Lanka –
8 Posti Ceylon PH-W “Posti” S.A., Poland Sri Lanka 4–6
9 Oskar black tea bags Yunnan style Oskar Interenational Trading Sp. z o.o., Poland China –
10 Irving daily classic Amber Spark S.A., Poland Indefinite origins 2–3

Leaf tea 11 Tetley classic Tata Global Beverages Polska Sp. z o.o., Poland Indefinite origins 3
12 Loyd Ceylon Mokate S.A., Poland Sri Lanka 5–7
13 Dilmah Ceylon gold MJF Holdings Ltd., Sri Lanka Sri Lanka 3–5
14 Sir Roger Yunnan Roger Sp. z o.o., Poland China 3–5
15 Posti Yunnan Posti S.A., Poland China 4–6
16 Lipton yellow label tea Unilever Polska Sp. z o.o., Poland Indefinite origins 3–5
17 Ahmad tea English No. 1 Ahmad Tea Ltd., UK Sri Lanka 4–6
18 Posti Ceylon PH-W “POSTI” S.A., Poland Sri Lanka 4–6
19 Oskar gold Yunnan black tea Oskar Interenational Trading Sp. z o.o., Poland China 3–5
20 Irving daily superior Amber Spark S.A., Poland India 3–5
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Data analysis

For each tea sample the mean concentration was calcu-
lated based on the results of analysis of the three separate 
weighted portions. In order to determine differences between 
bagged and leaf teas of the same brand as well as between 
their infusion in respect of element concentrations, results 
were analysed using the U Mann–Whitney test [22]. The 
differences between teas from various origins was checked 
using non-parametric Kruskal–Wallis ANOVA [23]. The 
normality of the features was checked by Shapiro–Wilk’s 
test [23]. Statistical confidence was set at p = 0.05.

The matrix of concentrations of elements in dry teas and 
infusions was subjected to ordination to detect possible 
gradients of element levels by means of the principal com-
ponent and classification analysis (PCCA). The principal 
components were computed using the active variables only. 

A plot of PCCA ordination of the tea samples and projec-
tion of the concentrations of elements in teas on the factor 
plane gives information about similarities among samples 
and shows correlations between the original variable and 
the first two factors [24].

The percentage extraction of each element from the dry 
tea to the infusion was determined by the following ratio: 
(element concentration in tea infusion/element concentration 
in dry tea) × 100%. The differences between the element’s 
percentage extraction from bagged and leaf teas were estab-
lished using the U Mann–Whitney test [22].

Linear correlations between concentrations of the ele-
ments in teas and their infusions were evaluated using Spear-
man’s correlation coefficients.

The CSS-Statistica Statsoft (StatSoftPolska Ltd., Kraków, 
Poland, http://www.statsoft.com) [25] was used to perform 
all statistical calculations.

Results and discussion

The ranges of total element contents for individual dry tea 
samples and element concentrations in tea infusions exam-
ined in the present study are summarized in Tables 3 and 4, 
respectively.

The PCCA ordination of dry tea samples and infusions 
(Fig. 1) showed that dry teas were correlated positively and 
infusions negatively with the first principal factor. The pro-
jection of the variables on the factor plane showed that dry 

Table 2   Analysis of certified reference material

Element Bush branches and leaves DC 73348 LGC

Certified Found Recovery (%)

P 830 ± 2.20 (μg g−1) 865 ± 3.00 (μg g−1) 104.22
K 0.85 ± 0.05 (%) 0.84 ± 0.11 (%) 98.82
Ca 2.22 ± 0.13 (%) 2.25 ± 0.25 (%) 101.35
Mg 0.287 ± 0.018 (%) 0.296 ± 0.05 (%) 103.13
Na 1.10 ± 0.10 (%) 1.07 ± 0.19 (%) 97.27
F 24 ± 3 (μg g−1) 23 ± 2 (μg g−1) 95.83

Table 3   Concentration (mg 
kg−1 D.W.) of elements studied 
in dry tea material (each value 
is the mean of three samples)

Tea type Tea sample Ca Na K Mg P F

Bagged tea 1 6730 231 19,138 2181 1820 316
2 5651 235 19,037 2574 2040 401
3 4617 229 20,817 2388 2100 124
4 4302 277 19,205 2282 2330 197
5 5186 431 16,922 2439 1920 393
6 4032 257 20,469 2309 2390 273
7 4751 251 20,818 2494 2300 239
8 4512 318 21,772 2360 2060 101
9 3942 210 19,475 2178 2480 91

10 7045 262 18,144 2214 1670 462
Leaf tea 11 6955 252 18,671 2186 1810 304

12 5321 258 22,170 2244 2060 126
13 5261 242 19,509 2387 1910 100
14 4736 244 20,642 2368 2170 107
15 5081 290 18,837 2363 2190 197
16 4751 231 20,747 2170 2170 218
17 4676 320 21,239 2205 2110 94
18 5051 277 20,712 2323 2080 155
19 3597 291 20,992 2080 3310 83
20 4946 238 21,667 2538 2600 166

http://www.statsoft.com
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Table 4   Concentration (mg 
kg−1 D.W.) of elements studied 
in tea infusion (each value is the 
mean of three samples)

Tea type Tea sample Ca Na K Mg P F

Bagged tea 1 2068 135 14,518 743 752 240
2 2173 139 14,458 995 771 304
3 2458 132 15,804 1030 786 86
4 1859 145 13,312 724 885 141
5 1574 244 11,626 624 744 256
6 2473 134 15,409 1205 813 202
7 2398 145 15,621 1221 769 191
8 2428 194 15,927 989 849 70
9 2083 134 13,862 949 932 55

10 1844 140 13,339 711 586 304
Leaf tea 11 1769 127 12,922 663 497 207

12 1904 129 13,739 643 749 77
13 2263 136 14,343 562 633 79
14 1679 133 12,198 686 800 67
15 1364 146 10,677 926 776 104
16 1799 127 13,090 671 660 210
17 1889 167 14,053 725 759 75
18 2278 159 15,021 888 817 127
19 1424 129 11,652 766 1130 58
20 1784 122 13,793 762 1125 135

Fig. 1   Ordination plot of the 
dry tea samples and infusions 
based on the content of six ele-
ments (Ca, F, K, Mg, Na, P) and 
projection of element contents 
on the factor plane. Numbers 
refer to numbers of tea sample 
in Table 1; full triangle—dry 
leaf teas, full circle—dry 
bagged teas, empty trian-
gle—leaf tea infusions, empty 
circle—bagged tea infusions
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teas were correlated with a high content of elements while 
infusions with a low content of elements. Most of the bagged 
teas were correlated positively with the second principal 
factor and consequently with the high F content while leaf 
teas were correlated negatively with the second factor and 
contained less F. These observations have been confirmed 
by the statistical analysis. There were no significant statisti-
cal differences between bagged and leaf teas of the same 
brand in respect of the content of macroelements. Only F 
contents in the bagged teas were significantly higher than in 
the leaf ones (the U Mann–Whitney test, p < 0.05). It may 
be associated with the lower quality of tea used in tea bags 
[10]. Moreover, as suggested by Kumar et al. [26], different 
element concentrations in different types of tea (e.g. granular 
tea leaves, powder and tea bags) are result from differences 
in processing methodologies. The concentration of elements 
studied were similar in teas from various origins (China, Sri 
Lanka, mixture) (Kruskal–Wallis ANOVA, p < 0.05).

In general, the mean concentrations of studied ele-
ments could be arranged according to their levels in 
both dry bagged and leaf teas in the following order: 
K > Ca > Mg > P > Na > F. This scheme corroborates find-
ings given by many authors [1, 5, 19, 27], who stated that 
the most abundant element in tea was K. This element may 
be specifically incorporated within a binding ligand in the 
tea leaves [1]. The sequence of concentrations in the infu-
sion made from leaf tea was the same as above, but the order 
slightly differed in the bagged tea infusions and was as fol-
lows: K > Ca > P > Mg > Na > F.

The infusions of bagged and leaf teas differed signifi-
cantly in respect of Ca, Na, K, Mg and F concentrations 
(the U Mann–Whitney test, p < 0.05). On average, a higher 
content of these elements in the infusions made with bagged 
teas than in infusions made of leaf teas was observed. Also, 
the average extraction depended on the type of tea. For the 
bagged teas the extraction rate was the highest for K, fol-
lowed by F, Na, Ca, Mg and P. While for the leaf teas the 
sequence was as follows: F > K > Na > Ca > P > Mg. The 
percentage extraction of Mg, K and Na from dry tea to the 
infusion was statistically significantly higher for bagged than 
for leaf teas (the U Mann–Whitney test, p < 0.05). Gener-
ally, tea bags contain finer particles than loose leaf teas, 
which may result in a better solubility of the elements [11]. 
The sequences of extraction and percentage transfer of the 
elements differed from those noted for different types of 
commercially purchased tea by Gallaher et al. [28], who 
observed that K and P were extracted in high amounts while 
Ca and Na were least soluble.

Calcium is an essential but controversial nutrient: there is 
no consensus on the level of human calcium requirement or 
the significance of calcium deficiency. The negative calcium 
balance, which may be the result of an inadequate calcium 
intake, is the major cause of osteoporosis. Inadequate intakes 

of this element have been associated with nephrolithiasis, 
colorectal cancer, hypertension and stroke, coronary artery 
disease, insulin resistance and obesity [29, 30]. Calcium 
consumption varies greatly worldwide, ranging from 300 mg 
in some developing countries to 800 mg per day or more in 
industrialized countries [30]. The calcium content in the teas 
studied (Table 3) were similar to obtained by Gebretsadik 
and Chandravanshi [8] (3821–4419 mg kg−1) and Malik 
et al. [4] (4326–6678 mg kg−1) in black tea as well as Carr 
et al. [31] (3560 ± 364 mg kg−1) for young tea leaves. The 
average total Ca rate leached from tea to the infusion was 
44.1% for bagged teas and 36.6% for leaf teas and was sig-
nificantly higher than noted by Gebretsadik and Chandravan-
shi [8] (12.5%), Malik et al. [4] (1.8–3.3%), Szymczycha-
Madeja et al. [6] (ND-17.0%) and Brzezicha-Cirocka et al. 
[14] (7–15%).

Sodium is the principal cation in extracellular fluid in the 
body and an essential nutrient, necessary for the mainte-
nance of plasma volume, acid–base balance, transmission of 
nerve impulses and normal cell functions. Sodium is found 
naturally in a variety of food and is the chemical compo-
nent of common table salt [32]. According to Szymczycha-
Madeja et al. [6], it is also one of the major constituents 
in black teas. The minimum intake level necessary for the 
proper functioning of the body is estimated to be as little as 
200–500 mg day−1. In many countries the sodium consump-
tion is above the recommended value of 2.0 g sodium day−1, 
which is associated with the increased blood pressure and 
less clearly with cardiovascular diseases [32]. The sodium 
concentrations found in present study (Table 3) were slightly 
higher than reported by Yemane et al. [1] (84.9–265 mg 
kg−1) and Dambiec et al. [19] (156–189 mg kg−1) as well as 
Kumar et al. [26] (21–118 mg kg−1). The average percent-
age transfer of the total Na content to the infusion (57.2 and 
52.5% for bagged and leaf tea, respectively) was lower com-
pared to Soomro et al. [33] (65%) and Szymczycha-Madeja 
et al. [6] who classified Na as highly extractable (> 55%).

Potassium is an element essential to maintain the total 
body fluid volume, acid and electrolyte balance as well 
as normal cellular functions. The consumption of large 
amounts of K from food is generally safe, because the body 
is able to successfully adapt and excrete the excess of this 
nutrient. While too low K consumption is associated with 
hypertension and many cardiovascular diseases, particularly 
coronary heart disease and stroke. Some studies suggest that 
K can help in mitigating the negative effects of excessive 
Na consumption on the blood pressure [34]. Potassium con-
tents in teas studied (Table 3) were higher than noted in 
old leaves of Camellia sinensis studied by Carr et al. [31] 
(15,239 ± 2552 mg kg−1) as well as in different black trade 
labeled teas (17,250 ± 1235 and 14,235 ± 1146 mg kg−1) [5, 
27]. The average total K content leached from the dry tea to 
the infusion was 64.1% for leaf teas and 73.4% for bagged 
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teas, so this metal can be classified as highly extractable 
(> 55%) [6]. Gallaher et al. [28] noted similar excellent K 
extraction rates from the herbal teas (61.1–80.7%), while 
Olivier et al. [5] reported higher than our concentrations in 
the infusions in spite of lower K content in dry teas.

Magnesium is the fourth most abundant cation build-
ing the human body. Low Mg status was proved to cause 
some severe disturbances e.g. hypertension, coronary heart 
disease, type 2 diabetes mellitus and metabolic syndrome 
[30]. Too low Mg amount in a diet may cause increased 
insulin resistance which leads to accelerated atherosclerosis 
and premature death. Consumption of large doses of Mg, 
e.g. in drinking water, was inversely associated with the 
risk of hypertension and cardiovascular diseases. Moreo-
ver, it is considered as an important protective factor for 
acute myocardial infarction [35]. The magnesium contents 
in teas on Polish market (Table 3) were higher than concen-
trations noted in the black tea leaves by Ramdani et al. [12] 
(1726 ± 167 mg kg−1) but corresponded well to the data of 
Malik et al. [4] (2033–2648 mg kg−1) and Salahinejad and 
Aflaki [18] (1861–2029 mg kg−1). The present contents in 
dry teas (Table 3) as well as in infusions (Table 4) were 
slightly lower than in bagged teas available in Poland [19] 
but similar to results of Olivier et al. [5]. The percentage 
transfer of the total Mg content to the infusion (mean 39.2% 
for bagged teas and 32.0% for leaf teas) was in ranges of 
15.2–53.1% reported by Gallaher et  al. [28] and corre-
sponded well with the value of 34% noted by Brzezicha-
Cirocka et al. [14]. According to classification of Szymczy-
cha-Madeja et al. [6] this element is moderately extractable 
(20–55%).

Phosphorous is a basic structural element of animal and 
plant bodies, building i.e. phospholipids, cell membranes, 
nucleic acids, a number of enzymes, hormones and intracel-
lular signaling molecules. It is found in most food products, 
but mainly the protein-rich food groups, including dairy 
products, meat and fish. A number of studies have shown a 
correlation between high levels of P in serum and increased 
death risk for patients with kidney diseases [36]. Consump-
tion of too high rates of P causes metastatic calcification, 
skeletal porosity and interference with calcium absorption 
[37]. The phosphorous contents in teas studied (Table 3) 
were higher than in trade labeled teas studied by Desideri 
et al. [27], which ranged between 1010 and 1499 mg kg−1. 
The percentage transfer of total P from dry teas to tea infu-
sions (mean 37.5% for bagged teas and 35.2% for leaf teas) 
were higher than noted previously for bagged teas in Poland 
[19], however it fitted well in ranges observed by Gallaher 
et al. [28] for various herbal teas (12.4–57.9%). Our results 
are in agreement with Szymczycha-Madeja et al. [6] who 
classified phosphorous as a moderately extractable element.

Fluorine is considered an essential element for humans, 
but while low F concentrations provide protection against 

dental caries and promote healthy bone growth, F can also 
have an adverse effect—concentrations above 1.5 mg/l in 
drinking water carry an increasing risk of dental fluorosis, 
and much higher concentrations lead to skeletal fluoro-
sis [38]. Concentrations of F in the teas studied (Table 3) 
were similar to obtained for black teas by Koblar et al. [9] 
(68–435 mg kg−1) but higher than reported by Cao et al. 
[20] (96.9–223 mg kg−1). However, Chan et al. [13] and 
Shu et al. [39] found F content in black tea higher than pre-
sented (ranging between 93 and 820 mg kg−1and between 
590 and 708 mg kg−1, respectively). The percentage trans-
fer of the total F content to the infusion was 70.8% for 
bagged tea and 73.4% for leaf tea. These findings are simi-
lar to obtained by Koblar et al. [9] who reported the effi-
cacy of the F leaching 67–90% in the black teas and found 
no significant difference between percentage transfer of F 
for bagged and stick-shaped tea. Fluorine concentrations in 
the tea infusions in the present study (Table 4) were simi-
lar compared to Malinowska et al. [40] (0.32 and 4.54 mg 
L−1) and Chan et al. [13] (0.43–8.85 mg L−1). Malinowska 
et al. [40] reported higher fluorine levels in extracts pre-
pared from granulated and powdered tea wrapped in bags 
compared to loose leaf tea.

In the present study statistically significant correlations, 
expressed by Spearman’s correlation coefficients (p < 0.05), 
were found between some elements content in dry teas and 
their infusions. Particularly, strong positive correlations 
were found between Na, P and F content in the dry teas and 
their concentration in infusions (r = 0.66, r = 0.80, r = 0.89 
for leaf teas, and r = 0.85, r = 0.84, r = 0.99 for bagged teas, 
respectively), which suggest that the mineral content of the 
infusions was directly related to the content of elements in 
the dry tea.

Generally, tea infusions are considered to contain little 
amounts of minerals (Fig. 1), and therefore they do not make 
a valid contribution to meeting the mineral requirements of 
the human organism [37]. Low intakes of essential minerals 
from food and water are common in many parts of the world 
[36]. The present results showed that the daily contribution 
from drinking three cups of tea to the total exposure of most 
of the essential elements cannot be regarded as consider-
able. Tea provides only 1.28% of Ca, 1.84% of K 1.78% of 
Mg and below 1% of P daily recommended intakes (DRI) 
(Table 5). These conclusions are consistent with results of 
Kalantar-Zadeh et al. [36] who claimed that one cup of tea 
provides less than 1% of the K DRI for adults. Szymczycha-
Madeja et al. [6] reported similar percentage contribution 
of tea to Mg and K daily doses. Also, Brzezicha-Cirocka 
et al. [14] stated that consumption of black tea is not likely 
to contribute significantly to Ca and Mg daily intake. How-
ever, in case of Na and F the contribution can be substantial 
because tea provides up to 77.5% of sodium and 37% of 
fluorine DRI [41].
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The composition of tea infusion is strongly related to the 
water composition because it affects chemical extraction 
from tea leaves [28, 42]. In the present experiment, distilled 
water was used to prepare tea infusions. However, consum-
ers prepare tea beverages with water from various sources 
and hence containing different elemental concentration, 
which may affect element concentrations in the infusions. 
Moreover, the element content in infusion is determined by 
conditions of extraction e.g. the amount of tea per volume 
of water, temperature, an area of extraction and the brew-
ing time [43]. Consumers concerned with minimizing of the 
intake of certain minerals, e.g. patients on a low Na diet or 
suffering from renal difficulties, who have dietary restric-
tions on Na, P or K, should know the mineral content of their 
local tap water to assess the complete daily intake of ele-
ments [28]. Moreover, the present results suggest that black 
tea consumption may significantly contribute to the F intake, 
especially when the infusion is prepared using bagged teas. 
DRI for fluorine is only 3.00 mg day−1 [41] and this safe 
level can be easily exceeded by tea drinkers additionally 
exposed to other sources of fluoride (drinking water fluori-
dation, fluoride-containing toothpaste).
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