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Abstract

Manganese concentration in green and black tea (10 samples of each type) was deter-
mined by means of graphite-furnace atomic absorption spectrometry. Both the dry 
leaves and the infusions were analysed. The concentration of manganese in dry leaves 
was in the range of 502–1277 mg · kg−1 for black tea and 798–1906 mg · kg−1 for green 
one. Since lemon juice is commonly added for tea to enrich its taste, citric acid was 
used to simulate lemon juice influence on manganese concentration in the infusions. 
The infusions prepared with and without citric acid addition were analysed and the 
results showed significant influence of citric acid on manganese leaching. The average 
extraction levels of manganese from black tea equal 16% (for non-acidified infusions) 
and 34% (for acidified ones) while these values for green tea equal 13% and 38%, re-
spectively. Statistical evaluation of the results showed that the differences between 
acidified and non-acidified infusions were statistically significant. High manganese 
content makes the tea an important source of manganese in human diet.
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Introduction

Tea is one of the most popular beverages worldwide with 
many benefits for human health [1].  It is well-known for 
its nutritional values – not only does it contain minerals, 
but it is also an important source of anti-oxidants [2–4]. 
Several types of tea can be distinguished but all of them 
origin from the Camellia sinensis plant and the differenc-
es between the types come from different methods of 
treatment at the production stage.

Lemon juice is a very common additive, used es-
pecially with black tea. Since it lowers the pH, it can 
facilitate leaching of metal ions from the tea leaves to 
the infusion. There are studies dealing with the leach-
ing of metals from tea leaves into infusions [2,5–10] 
but there is no data on how leaching of metals is influ-
enced by lemon juice additive. The leaching percent-
age of trace elements is also influenced by the tannins 
content in tea and higher tannins levels diminish the 
leaching efficiency [11].

Among other elements contained in tea, manganese 
plays an important role as a micronutrient in human 
body and is crucial for the proper growth, develop-
ment and health maintenance [12]. It activates numer-
ous enzymes [13] and it should be provided in sufficient 
amount with diet. On the other hand, when provided 
in large quantities, manganese cumulates in brain and 
can be neurotoxic [14], in severe cases causing parkin-
sonian-like symptoms – so called manganism [12]. The 
main risk group includes miners and steelworkers [15] 
but this disease was also observed in the case of infants 
fed with manganese-containing food [16].

Tea is an important source of manganese in hu-
man diet [14,17]. The main goal of this study was to 
determine the extraction level of manganese from tea 
leaves to tea infusions with and without the citric acid 
addition (which was supposed to simulate the addi-
tion of lemon juice). In order to do that, the content 
of manganese was determined in dry tea leaves and 
their infusions. The two types of tea: the green tea 
and the black one were analysed, in order to find pos-
sible correlations or significant differences between 
the two groups. The results were hoped to give more 
insight into the role of tea as a source of manganese in 
diet and for this reason, ordinary tea from groceries 
was used for this research.

Materials and methods 
The set of 20 samples of tea was the subject of the 
study: 10 samples of the black tea and 10 samples of 
the green one. The tea was purchased in local tea shops 

and groceries in Tarnow (Poland) in 2020. The details 
of the samples are presented in Table 1.

Table 1. Tea samples

Tea type Sample code Name and brand

Black tea 
(leaves)

C01 Ceylion – Loyd

C02 Assam – Tesco

C03 Yunnan – Bastek

C04 Earl Grey – Bastek

C05 Madras – Posti

C06 Yunnan – Cotterley

C07 Assam – Lord Nelson

C08 Black Screw

C09 Assam TGF09-01 Keyhung

C10 Pure Ceylon – Big Active

Green tea 
(leaves)

Z01 Green – Loyd

Z02 Green – Tesco

Z03 Green – Bastek

Z04 Green – Posti

Z05 Green – Cotterley

Z06 Pure Green – Big Active

Z07 Green – Lord Nelson

Z08 China Chann Mex Moan 
Palace

Z09 China Seneka

Z10 Green – Home Relax

The samples were dried for 2.5 h in 100°C in a lab-
oratory dryer and then stored in dry vials.  In order to 
prepare the samples for the measurements, wet diges-
tion was performed as described below. 

Approximately 1 g of each sample (the exact mass 
was noted for further calculations) was placed in 
a 250 mL quartz beaker and 30 mL of concentrated ni-
tric acid was poured in. Each beaker was then covered 
with a quartz watch glass and the samples were gently 
boiled on a hot plate until the red fumes were no lon-
ger given off (approximately 3 hours with occasional 
nitric acid additions). Next, the solutions were gently 
evaporated until only few mL were left and they were 
quantitatively transferred into 100 mL volumetric 
flasks and filled to the marks with water. For all opera-
tions, ultrapure nitric acid (Supelco by Sigma Aldrich, 
United States) and ultrapure water (18.2 MΩ · cm, Pol-
water, Poland) were used. 

www.stijournal.pl



3

Science, Technology and Innovation, 2023, 17 (1–2), 1–8

The influence of citric acid on the extraction level of manganese in green and black tea infusions

In order to monitor the proper analytical perfor-
mance of the method, the Certified Reference Mate-
rial (CRM) as well as blank sample (pure nitric acid, 
processed like other samples) were included into the 
analysis. 

The tea infusions were prepared in the following 
way: approximately 1 g of dried tea leaves were put into 
a quartz beaker and 80 mL of boiling water was poured 
into it. The mixture was left for 10 minutes and the in-
fusions were quantitatively transferred into a 100 mL 
volumetric flask and filled to the mark. The infusions 
with citric acid were prepared in the same way but, in 
addition, 1.4 mL of 10% citric acid solution was add-
ed to each sample. The amount of the citric acid was 
evaluated in a quick survey involving 10 people, who 
were asked to squeeze out a typical amount of lemon 
juice from a lemon, as they would do it with an ordi-
nary tea. Next, the average amount of juice (based on 
the above survey) was added to one tea infusion and 
the pH change was noted. Finally, the volume of 10% 
citric acid solution, which gives the same pH change, 
was found to be 1.4 mL and this amount was used as an 
addition for all of the samples in the study. The pH of 
all infusions was measured. 

Measurements
The measurements were performed using Agilent 240Z 
AA atomic absorption spectrometer (Agilent Technol-
ogies, USA) with a graphite-furnace atomization and 
the Zeeman background correction. As a light source, 
the hollow-cathode lamp was used and manganese 
was determined using 279.5 nm analytical line. Argon 
(99.995%) was used as an inert gas and the ashing and 
atomization temperature was 1100°C and 2400°C, re-
spectively. As a matrix modifier, palladium nitrate(V) 
solution was used (1000 mg · L−1 of Pd). The calibration 
curve covered the range of 2–8 µg · L−1 Mn and was pre-
pared using 1000 mg · L−1 Mn standard solution (Agi-
lent Technologies, USA). The samples were diluted to 
roughly match the calibration range. The volume of 
the sample dispensed into the graphite furnace was 9 L 
and each sample was measured four times. 

The pH of the tea infusions was measured using the 
Elmetron CP-551 pH meter (Elmetron, Poland).

Results and discussion

Quality control

As a quality control, the blank samples and two types of 
Certified Reference Materials were analysed: the NIES 
07 (tea leaves, material by National Institute of Envi-
ronmental Studies, Japan) and the ESH3 (EnviroMat 
Ground Water, by SPC Science, Canada). The tea leaves 
CRM (NIES 07) was used to confirm the accuracy of 
the whole analytical process: from wet digestion to the 
AAS measurements. The groundwater CRM (ESH3) was 
used during the tea infusion measurement, in order to 
confirm the accuracy of the calibration curve. The re-
sults are presented in Table 2 and they confirm suffi-
cient accuracy of the methods. In order to estimate the 
precision of the method, standard deviation (SD) and 
relative standard deviation (RSD) were calculated. Low 
RSD values prove the precision of the method. 

Table 2. The results of the quality control (the results are 
mean values of four replicates)

Parameter
Mn 

[mg/
kg]

SD* RSD** 
[%]

NIES07  
(Tea Leaves)

Certified value 700 – –

Experimental 
value 639 14.7 2.3

Recovery [%] 91 – –

ESH3 
(Ground 
water)

Certified value 17.25 – –

Experimental 
value (three dif-
ferent samples)

17.3 0.33 1.9

16.9 0.07 0.4

18.3 0.90 4.9

Recovery [%] 91–106 – –

*  SD – standard deviation;
**RSD – relative standard deviation.

Based on the blank samples, the limit of detection and 
the limit of quantification were calculated and they were 
more than two orders of magnitude lower than the lowest 
result in a given group (i.e. tea leaves and infusions).
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Manganese in the samples
The concentration of manganese in the dry tea leaves 
and in the infusions, together with their expanded un-
certainties, are presented in Table 3. 

Based on the mean values it can be noticed, that 
green tea leaves contain more manganese than the black 
ones, although the difference is not substantial. The dis-
persion of the results is comparable between the two 
groups and the relative standard deviation equals 25% 
and 22% for black and green tea, respectively. Except for 
one sample, manganese concentration in green tea ex-
ceeds 1000 mg · kg−1. Similarly, the difference between 

tea infusions (non-acidified) is also moderate and with 
higher dispersion of the results (RSD equals 42% and 
34% for black and green tea infusions, respectively). 
When it comes to the acidified infusions, however, the 
difference is very clear with the green tea containing 
much more manganese than the black one. It is also in-
teresting that the increase in manganese content in the 
infusions with a citric acid addition is much higher in 
case of the green tea than the black one. Comparison of 
the mean values shows, that the black tea infusions with 
citric acid contain approximately two times more man-
ganese than without citric acid. In the case of the green 
tea infusions, the increase is three-fold. 

Table 3. Manganese concentration in tea leaves and infusions (the results are mean values of four replicates)

Type Sample code
Tea leaves Tea infusions; nonacidified Tea infusions; acidified

Mn [mg/kg] Uexp
* Mn [µg/L] Uexp Mn [µg/L] Uexp

Black tea

C01 538 25 891 90.7 1422 155

C02 996 21 1679 90.8 2875 155

C03 1126 7.2 1567 42.3 4193 354

C04 932 36 1068 44.2 2983 111

C05 885 49 1149 126 2658 125

C06 1052 67 1864 144 4227 188

C07 827 34 1478 143 3217 143

C08 1277 81 2908 152 5470 331

C09 917 47 1776 138 4043 186

C10 502 23 674 36.4 1365 62.9

Mean: 905; SD**: 228 Mean:1506; SD: 632 Mean: 3245; SD: 1285

Green tea

Z01 1490 76 1963 122 6736 375

Z02 1729 63 1389 117 7185 503

Z03 1281 51 1921 162 5821 217

Z04 1114 60 2121 105 6395 746

Z05 1906 106 965 39.9 5405 361

Z06 1561 57 1306 146 5422 538

Z07 1381 48 2419 123 4399 229

Z08 798 52 1522 144 3027 278

Z09 1321 50 947 80.0 4565 272

Z10 1354 73 2516 96.0 4931 159

Mean: 1394; SD: 294 Mean: 1707; SD: 565 Mean: 5389; SD: 1233

*  Uexp – expanded uncertainty (coverage factor k = 2);
** SD – standard deviationw.
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Table 4 presents the comparison of obtained results 
with the literature.

Table 4. Comparison of the presented data with the 
literature

Reference
Mean concentration or range  

[mg/kg]

Black tea Green tea

Brzezicha-Cirocka, 
Grembecka, Szefer 
[18]

117–800 307–1600

Podwika, Kleszcz [19] 1094 660.7

Erdemir [20] 963–1270 1120–1240

Antakli, Sarkis,  
Al-Check [21] 225–1036 392–1633

Gajewska [22] 525–1078 369–961

Presented research 502–1277 798–1906

The pH of the infusions as well as the extraction lev-
els, calculated as a ratio of the manganese content in 
the infusion to the content in the dry leaves, are pre-
sented in Table 5.

The pH of the infusions is consistent within the groups 
(low standard deviation) but the pH of the non-acid-
ified green tea infusions is somewhat higher than of 

the black tea ones. As expected, the extraction levels 
in acidified infusions are clearly higher than in the 
non-acidified ones. In case of the black tea, citric acid 
addition doubles (on average) the extraction levels, 
while in case of the green tea the difference is by a fac-
tor of three.

The extraction level in regular (i.e. non-acidified) 
infusions was the subject of studies of other authors, 
too. According to Gajewska et al. [22], extraction lev-
el was in a range of 14–37% and 11–67% for black and 
green tea, respectively. These values overlap with the 
results from our work. Brzezicha-Cirocka et al. [18] re-
ported extraction levels of 32.9 ± 12.4% for black tea 
and 29 ± 5.3% for green one which points out that there 
is no significant difference between these two types of 
tea. According to Antakli et al. [21], however, the ex-
traction levels were significantly different, although 
the number of samples tested in that work was very 
low (27% and 11–18% for black and green tea, respec-
tively; N = 3) so it’s difficult to draw a clear conclusion.

According to Mn species research [23], the vast ma-
jority of manganese is extracted into the infusions in 
the Mn (II) form, which is well soluble in water. Citric 
acid addition may improve the solubility by complex 
formation which explains the observed phenomenon.

According to the Institute of Medicine [24], the Ad-
equate Intake of manganese for adults (above 19 years 
old) equals 2.3 mg/day for men and 1.8 mg/day for 

Table 5. The pH and the extraction levels of manganese for green and black tea

Type Sample code
Extraction level [%] pH

Non-acidified Acidified Non-acidified Acidified

Black tea

C01 16.6 27.0 4.29 2.83

C02 16.7 28.9 4.35 3.00

C03 14.1 35.5 4.28 3.08

C04 11.5 31.7 4.44 3.03

C05 12.7 29.2 4.39 2.98

C06 17.5 37.9 4.43 2.93

C07 17.9 37.4 4.39 2.6

C08 22.6 42.8 4.6 2.56

C09 19.2 42.8 4.26 2.62

C10 13.2 27.4 4.33 2.61

Mean 16.2 34.1 4.38 2.82

SD 3.4 6.1 0.10 0.21
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women. Assuming that the daily consumption of tea 
equals 0.5 L and taking the average values into account 
(both the Mn content and the extraction level) one can 
conclude that tea can be a major source of manganese 
in diet, as presented in Table 6.

Table 6. Contribution of manganese from tea consumption 
to the Adequate Intake

Black tea Green tea

Non- 
-acidified Acidified Non- 

-acidified Acidified

Percent of 
adequate 
intake; 
men

33 71 30 117

Percent of 
adequate 
intake; 
women

42 90 39 150

Although green tea is usually consumed without 
citric acid addition, even a non-acidified one provides 
a  elatively high amount of manganese, making tea an 
important source of manganese in diet. 

Statistical evaluation of data
In order to find existing correlations among the results, 
the t-test was performed (each set of data has a para-
metric distribution). The calculations were performed 
using Statistica software (by StatSoft). The results are 
shown in Table 7.

The results show that there is a statistically sig-
nificant difference between the manganese concen-
tration in black and green tea leaves, which is also 
reflected in the acidified infusions. In both cases 
the p-value for the t-test is much lower than the 0.05 
(the most common threshold for the statistical tests). 
However, non-acidified infusions (without the citric 
acid addition) show no significant difference in man-
ganese content. The extraction levels comparison 
between the black and green tea infusions shows no 
significant difference, either. 

On the other hand, citric acid addition has a clear 
impact on the manganese concentration. In all test-
ed groups, the t-test showed significant differences 
(p < 0.05). In the last comparison, all the samples 
(black and green tea) were treated as one group, and 
the extraction levels for acidified vs. non-acidified in-
fusions were compared. The result proved to be statis-
tically significant. 

Type Sample code
Extraction level [%] pH

Non-acidified Acidified Non-acidified Acidified

Green tea

Z01 13.4 45.2 4.94 2.67

Z02 8.0 39.2 4.78 2.75

Z03 15.3 44.1 4.81 2.71

Z04 19.0 54.2 4.79 2.83

Z05 4.8 26.5 4.64 2.72

Z06 8.0 33.4 4.77 2.82

Z07 17.5 29.8 4.78 2.97

Z08 18.5 37.6 4.98 2.91

Z09 7.2 33.9 4.74 2.68

Z10 18.2 36.4 4.83 2.84

Mean 13.0 38.0 4.81 2.79

SD* 5.5 8.1 0.10 0.10

* SD – standard deviation.
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Conclusion
Due to a relatively high manganese content, tea can be 
an important source of this element in diet, especially 
with lemon juice added, which strongly facilitates man-
ganese leaching from tea leaves during preparation of 
the infusion. Green tea contains more manganese than 
the black one, both in leaves and infusions. The addi-
tion of citric acid increases the extraction level of man-
ganese two-fold for black, and three-fold for green tea. 
As the difference in manganese content between green 
and black tea was proved to be statistically significant, 
it can be concluded that the green tea is a better source 
of manganese in everyday diet. Even without the ad-
dition of a lemon juice, tea covers up to 30–40% of the 
recommended daily intake of manganese.  

References 
[1] Yi M, Wu X, Zhuang W, Xia L, Chen Y, Zhao R, Wan Q, 

Du L, Zhou Y. Tea consumption and health outcomes: 
umbrella review of meta-analyses of observational 
studies in humans. Molecular Nutrition & Food Re-
search. 2019;63(16):e1900389. https://doi.org/10.1002/
mnfr.201900389.

[2] Street R, Száková J, Drábek O, Mládková L. The status 
of micronutrients (Cu, Fe, Mn, Zn) in tea and tea infu-
sions in selected samples imported to the Czech Republic. 
Czech Journal of Food Sciences. 2006;24(2):62–71. 

[3] Schunk PFT, Kalil IC, Pimentel-Schmitt EF, Lenz D, de 
Andrade TU, Ribeiro JS, Endringer DC. ICP-OES and mi-
cronucleus test to evaluate heavy metal contamination in 
commercially available Brazilian herbal teas. Biological 
Trace Element Research. 2016;172(1):258–65. http://dx.
doi.org/10.1007/s12011-015-0566-2.

[4] Khan N, Mukhtar H. Tea polyphenols in promotion of 
human health. Nutrients. 2019;11(1):39. https://doi.
org/10.3390/nu11010039.

[5] Karak T, Bhagat RM. Trace elements in tea leaves, made 
tea and tea infusion: A review. Food Research Interna-
tional. 2010;43(9):2234–2252. https://doi.org/10.1016/j.
foodres.2010.08.010.

[6] Dambiec M, Polechońska L, Klink A. Levels of essential 
and non-essential elements in black teas commercialized 
in Poland and their transfer to tea infusion. Journal of 
Food Composition and Analysis. 2013;31(1):62–66. https://
doi.org/10.1016/j.jfca.2013.03.006.

[7] Malik J, Szakova J, Drabek O, Balik J, Kokoska L. Determi-
nation of certain micro and macroelements in plant stim-
ulants and their infusions. Food Chemistry. 2008; 111(2): 
520–525. https://doi.org/10.1016/j.foodchem.2008.04.009.

Table 7. The results of the t-test for the studied parameters (S – significant; NS – non-signifficant)

Tested parameters P-values for the t-test

Black tea  
vs.  
Green tea

Mn in tea leaves BLACK Mn in tea leaves GREEN 0.00097 (S)

Mn in infusions (non-acidi-
fied) BLACK

Mn in infusions (non-acidi-
fied) GREEN 0.46 (NS)

Mn in infusions (acidified) 
BLACK

Mn in infusions (acidified) 
GREEN 0.00129 (S)

Extraction level (non-acidi-
fied) BLACK

Extraction level (non-acidi-
fied) GREEN 0.136 (NS)

Extraction level (acidified) 
BLACK

Extraction level (acidified) 
GREEN 0.232 (NS)

Infusions (non-acidified) 
vs. 
Infusions (acidified)

Mn in infusions (non-acidi-
fied) BLACK

Mn in infusions (acidified) 
BLACK 0.0012 (S)

Mn in infusions (non-acidi-
fied) GREEN

Mn in infusions (acidified) 
GREEN <0.0001 (S)

Extraction level (non-acidi-
fied) BLACK

Extraction level (acidified) 
BLACK <0.0001 (S)

Extraction level (non-acidi-
fied) GREEN

Extraction level  (acidified) 
GREEN <0.0001 (S)

Extraction level NON-ACIDI-
FIED (all samples)

Extraction level ACIDIFIED 
(all samples) <0.0001 (S)

www.stijournal.pl

https://doi.org/10.1002/mnfr.201900389
https://doi.org/10.1002/mnfr.201900389
http://dx.doi.org/10.1007/s12011-015-0566-2
http://dx.doi.org/10.1007/s12011-015-0566-2
https://doi.org/10.3390/nu11010039
https://doi.org/10.3390/nu11010039
https://doi.org/10.1016/j.foodres.2010.08.010
https://doi.org/10.1016/j.foodres.2010.08.010
https://doi.org/10.1016/j.jfca.2013.03.006
https://doi.org/10.1016/j.jfca.2013.03.006
https://doi.org/10.1016/j.foodchem.2008.04.009


8 Original article K. Kleszcz, K. Michoń

Science, Technology and Innovation, 2023, 17 (1–2), 1–8

[8] Mehra A, Baker CL. Leaching and bioavailability of alu-
minium, copper and manganese from tea (Camellia sin-
ensis). Food Chemistry. 2007;100(4):1456–1463. https://doi.
org/10.1016/j.foodchem.2005.11.038.

[9] Street R, Drábek O, Száková J, Mládková L. Total content 
and speciation of aluminium in tea leaves and tea infu-
sions. Food Chemistry. 2007;104(4):1662–169. https://doi.
org/10.1016/j.foodchem.2007.03.019.

[10] Herman M, Janiak MA, Sadlik JK, Piekoszewski W, Ama-
rowicz R. Iron, zinc, copper, manganese and chromium 
in green teas, their transfer to extracts and correlations 
between contents of elements and bioactive compounds. 
Polish Journal of Food and Nutrition Sciences. 2022;72(4): 
421–429. https://doi.org/10.31883/pjfns/156394.

[11] Wróbel K, Wróbel K, Urbina EM. Determination of total 
aluminum, chromium, copper, iron, manganese, and 
nickel and their fractions leached to the infusions of 
black tea, green tea, Hibiscus sabdariffa, and Ilex para-
guariensis (mate) by ETA-AAS. Biological Trace Element 
Research. 2000;78(1–3):271–280. https://doi.org/10.1385/
BTER:78:1-3:271.

[12] Avila DS, Puntel RL, Aschner M. Manganese in health and 
disease. In: Sigel A, Sigel H, Sigel RKO, editors. Interrela-
tions between Essential Metal Ions and Human Diseas-
es. Dordrecht: Springer Netherlands; 2013. p. 199–227. 
https://doi.org/10.1007/978-94-007-7500-8_7.

[13] Culotta VC, Yang M, O’Halloran TV. Activation of superox-
ide dismutases: Putting the metal to the pedal. Biochim-
ica et Biophysica Acta. 2006 Jul;1763(7):747–758. https://
doi.org/10.1016/j.bbamcr.2006.05.003.

[14] Greger JL. Dietary standards for manganese: Overlap 
between nutritional and toxicological studies. The Jour-
nal of Nutrition. 1998;128(2 Suppl):368S–371S. https://doi.
org/10.1093/jn/128.2.368S.

[15] Lucchini RG, Albini E, Benedetti L, Borghesi S, Coc-
caglio R, Malara EC, Parrinello G, Garattini S, Resola S, 
Alessio L. High prevalence of Parkinsonian disorders 
associated to manganese exposure in the vicinities of 
ferroalloy industries. American Journal of Industrial 
Medicine. 2007;50(11):788–800. https://doi.org/10.1002/
ajim.20494.

[16] Fitsanakis VA, Piccola G, Marreilha dos Santos AP, Asch-
ner JL, Aschner M. Putative proteins involved in manga-
nese transport across the blood-brain barrier. Human 
& Experimental Toxicology. 2007;26(4):295–302. https://
doi.org/10.1177/0960327107070496.

[17] Hope SJ, Daniel K, Gleason KL, Comber S, Nelson M, Powell 
JJ. Influence of tea drinking on manganese intake, manga-
nese status and leucocyte expression of MnSOD and cytosol-
ic aminopeptidase P. European Journal of Clinical Nutrition. 
2006;60(1):1–8. https://doi.org/10.1038/sj.ejcn.1602260. 

[18] Brzezicha-Cirocka J, Grembecka M, Szefer P. Herbata jako 
źródło manganu w codziennej diecie człowieka. Bromat-
ologia i Chemia Toksykologiczna. 2016;49(3):234–237. 

[19] Podwika W, Kleszcz K, Krośniak M, Zagrodzki P. Cop-
per, manganese, zinc, and cadmium in tea leaves of 
different types and origin. Biological Trace Element 
Research. 2018;183(2):389–395. https://doi.org/10.1007/
s12011-017-1140-x.

[20] Erdemir US. Contribution of tea (Camellia sinensis L.) 
to recommended daily intake of Mg, Mn, and Fe: An in 
vitro bioaccessibility assessment. Journal of Food Com-
position and Analysis. 2018 Jun;69:71–77. https://doi.
org/10.1016/j.jfca.2018.02.006.

[21] Antakli S, Sarkis N, Mahmod Al-Check A. Determination 
of copper, iron, manganese, nickel and zinc in tea leaf 
consumed in syria by flame atomic absorption spectrom-
etry after microwave digestion. Asian Journal of Chemis-
try. 2011;23(7):3268–3272. 

[22] Gajewska R, Nabrzyski M, Ganowiak Z, Cybulski M, 
Kułakowska D. Zawartość wybranych składników min-
eralnych w herbatach zielonych i czarnych. Roczniki 
Państwowego Zakładu Higieny. 2000;51(3):251–258. 

[23] Özdemir Y, Güçer Ş. Speciation of manganese in tea leaves 
and tea infusions. Analytical Letters. 1998;31(4):679–689. 
https://doi.org/10.1080/00032719808001871.

[24] Institute of Medicine. Dietary Reference Intakes for Vi-
tamin A, Vitamin K, Arsenic, Boron, Chromium, Copper, 
Iodine, Iron, Manganese, Molybdenum, Nickel, Silicon, 
Vanadium, and Zinc [Internet]. Washington DC: National 
Academy Press; 2001. Available from: http://www.nap.
edu/catalog/10026.

www.stijournal.pl

https://doi.org/10.1016/j.foodchem.2005.11.038
https://doi.org/10.1016/j.foodchem.2005.11.038
https://doi.org/10.1016/j.foodchem.2007.03.019
https://doi.org/10.1016/j.foodchem.2007.03.019
https://doi.org/10.31883/pjfns/156394
https://doi.org/10.1385/BTER:78:1-3:271
https://doi.org/10.1385/BTER:78:1-3:271
https://doi.org/10.1007/978-94-007-7500-8_7
https://doi.org/10.1016/j.bbamcr.2006.05.003
https://doi.org/10.1016/j.bbamcr.2006.05.003
https://doi.org/10.1093/jn/128.2.368S
https://doi.org/10.1093/jn/128.2.368S
https://doi.org/10.1002/ajim.20494
https://doi.org/10.1002/ajim.20494
 https://doi.org/10.1177/0960327107070496
 https://doi.org/10.1177/0960327107070496
https://doi.org/10.1038/sj.ejcn.1602260
https://doi.org/10.1007/s12011-017-1140-x
https://doi.org/10.1007/s12011-017-1140-x
https://doi.org/10.1016/j.jfca.2018.02.006
https://doi.org/10.1016/j.jfca.2018.02.006
https://doi.org/10.1080/00032719808001871
http://www.nap.edu/catalog/10026
http://www.nap.edu/catalog/10026

