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Abstract—Tea is consumed by a big part of the world’s 

population. It has an enormous importance for the Turkish culture. 
Nearly it is brewed every morning and evening at the all houses.   
Also it is consumed with lemon wedge. Habitual drinking of tea 
infusions may significantly contribute to daily dietary requirements 
of elements.  

Different instrumental techniques are used for determination of 
these elements. But atomic and mass spectroscopic methods are 
preferred most. In these study chromium, iron and selenium contents 
after the hot water brewing of black and green tea were determined 
by Optical Emission Spectroscopy (ICP-OES). Furthermore, effect 
of lemon addition on chromium, iron and selenium concentration tea 
infusions is investigated. 

Results of the investigation showed that concentration of 
chromium, iron and selenium increased in black tea with lemon 
addition. On the other hand only selenium is increased with lemon 
addition in green tea. And iron concentration is not detected in green 
tea but its concentration is determined as 1.420 ppm after lemon 
addition.    
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I. INTRODUCTION 
EA is the agricultural product of the leaves, leaf buds, and 
internodes of the Camellia sinensis plant, prepared and 

cured by various methods. (Fig. 1 (a)). There are at least six 
varieties of tea: white, yellow, green, oolong, black, and pu-
erh. The three most popular types of tea (green, oolong, and 
black) are distinguished on the basis of degree of fermentation 
[1]. To produce green tea, freshly harvested leaves are 
immediately steamed to prevent fermentation, yielding a dry 
product. The steaming process destroys the enzymes 
responsible for breaking down the colour pigments in the 
leaves and allows tea to maintain its green colour during the 
subsequent rolling and drying process. 

 Black tea is generally processed by a fermentation method 
that allows for effective action of polyphenol oxidase 
enzymes and this process causes the leaves to blacken. Drying 
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is applied to stop the oxidation process thereby resulting in a 
long-lasting, stable tea product [2].  Lemon wedge or lemon 
juice addition to tea is very widely used in Turkey. Therefore 
the affect of lemon addition was investigated by other 
researchers for different kind of teas [3]. 
 

             

  
Fig. 1 (a) Black tea [4], (b) green tea [5], (c) Turkish tea serving [6] 

 
Chromium is known to enhance the action of insulin, a 

hormone critical to the metabolism and storage of 
carbohydrate, fat, and protein in the body. Chromium is 
widely distributed in the food supply, but most foods provide 
only small amounts such as less than 2 ppm per serving. Meat 
and whole-grain products, as well as some fruits, vegetables, 
and spices are relatively good sources. In contrast, food high 
in simple sugars such as sucrose and fructose are low in 
chromium [7]. 

Iron, one of the most abundant metal on Earth, is essential 
to most life forms and to normal human physiology. Iron is an 
integral part of many proteins and enzymes that maintain 
good health. In human metabolism, iron is an essential 
component of proteins involved in oxygen transport. It is also 
essential for the regulation of cell growth and differentiation. 
A deficiency of iron limits oxygen delivery to cells, resulting 
in fatigue, poor work performance, and decreased immunity. 
On the other hand, excess amounts of iron can result in 
toxicity and even death [8]. 

Selenium is a trace mineral that is essential to good health 
but required only in small amounts. Selenium is incorporated 
into proteins to make selenoproteins, which are important 
antioxidant enzymes. The antioxidant properties of 
selenoproteins help prevent cellular damage from free 
radicals. Free radicals are natural by-products of oxygen 
metabolism that may contribute to the development of chronic 
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diseases such as cancer and heart disease. Other 
selenoproteins help regulate thyroid function and play a role 
in the immune system [9]. 

The aim of this study is to investigate Cr, Fe and Se 
concentration in Turkish black and green teas. The secondary 
aim is to determinate this element concentrations in teas with 
lemon addition.   

II.  EXPERIMENTAL METHODS 

A. Preparation and Hot Water Brewing of Teas 
Black tea and green tea are purchased from the local market 

in Istanbul, Turkey. Tea solutions are prepared by the brewing 
method of infusion. The brewing method of infusion is used 
according to the ISO standarts numbered 3103.  

Teas, which are black and green, are purchased from the 
Local market in Istanbul, Turkey. For the experiments ISO 
standarts numbered 3103 is used for the hot water brewing 
process in which 50 mL of hot water (90-100°C) was poured 
to 2 grams of tea in the beaker and stirred. After the 6 
minutes, the extract was filtered into a 100 mL volumetric 
flask and filled up to volume of 100 ml with pure water. The 
brewing process is shown in Fig. 1 [10]-[12]. 

For the lemon added experiment, lemon is  squeezed 
(pH~4) then lemon juice is added to teas with 1:6 ratio at the 
instance of Inductively Coupled Plasma Optical Emission 
Spectrometer (ICP-OES) experiments 15 minutes prior to 
measurements. Also used lemons are purchased from local 
market in Istanbul, Turkey too.  

 

 

 
Fig. 2 Brewing procedure of the tea samples 

 

B. Calibration Sets Set-up and Elemental Analysis of the 
Tea Samples 

Calibration sets are set-up by using Cr, Fe and Se standard 
solutions [12]. 

In the technique of ICP-OES, samples are subjected to high 
temperatures that cause excitation and/or ionization of the 
sample of atoms. These excited and ionized atoms are then 
decayed to a lower energy state through the emission. The 
intensity of the light emitted at a specific wavelength to the 
element of interest is measured [13]. 

Perkin-Elmer Optima 2100 DV model Inductively Coupled 
Plasma Optical Emission Spectrometer (ICP-OES) equipped 
with an AS-93 autosampler was used in the experiments (Fig. 
3). Measured sample images are given in Fig. 4.  
 

 
Fig. 3 Perkin-Elmer Optima 2100 DV, ICP-OES 

 

 
Fig. 4 Measured tea samples 

 
Measurement conditions were adjusted to a power of 1.45 

kW, plasma flow of 15.0 L min-1, auxiliary flow of 0.8 L min-

1 and nebulizer flow of 1 L min-1.  

III. RESULTS 

A. Calibration Set Results 
Calibration results are given in Table I. From the results, it 

can be seen that the coefficient of determination (R2) values 
fit with the linear regression.  

 
TABLE I 

CALIBRATION RESULTS 

Element Slope Intercept R2 

Cr 4.013x106 -2.442x103 0.9997 
Fe 8.422x105 -4.510x103 0.9997 
Se 1.325x104 -11.5 0.9995 
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B. Element Contents of the Teas and Lemon Addition Effect 
Chromium (Cr), iron (Fe) and selenium (Se) contents and 

lemon addition effects of the black and green teas are shown 
in Fig. 5 through Fig. 7 and Table II respectively. 
 

 
Fig. 5 Chromium contents of the brewed tea samples 

 

 
Fig. 6 Iron contents of the brewed tea samples 

 

 
Fig. 7 Selenium contents of the brewed tea samples 

 

TABLE II 
ELEMENT CONTENTS OF THE TEAS AND LEMON ADDED TEAS 

Tea Type Element  Concentration 
(ppm) 

Lemon Added 
Concentration (ppm) 

Black Tea 
Cr 0.048 ± 0.004 0.053 ± 0.001 
Fe 2.396 ± 0.040 3.114 ± 0.264 
Se 1.093 ± 0.045 1.668 ± 0.279 

Green Tea 
Cr 0.148 ± 0.009 0.013 ± 0.001 
Fe -* 1.420 ± 0.025 
Se 0.280 ± 0.001 1.250 ± 0.134 

* Out of the detection limit of ICP-OES 
 

It is seen in the results that the maximum element 
concentrations in the black and green teas are iron and 
selenium, respectively. Lemon addition increased all the 
element concentration in the black teas, on the contrary in 
green teas chromium concentration is decreased despite the 
increasing iron and selenium. The change in percentage of 
concentration in the teas are calculated and given in Table III. 
In green tea the iron element is beyond the detection limit of 
ICP-OES. 
 

 TABLE III 
ELEMENT CONTENTS CHANGES OF THE TEAS AFTER LEMON ADDITION 

Tea Type Element  Change in 
Concentration (%)  

Black Tea 
Cr ~ 10.4 
Fe ~ 29.9 
Se ~ 52.7 

Green Tea 
Cr ~ -91.2 
Fe - 
Se ~ 346.4 

 
In black and green tea selenium element is increased by 

52.7% and 346.4%, respectively by the lemon addition. In 
green teas the chromium content is decreased by the lemon 
addition with a value of 91.2%.  
 

IV. DISCUSSION AND CONCLUSION 
Daily adequate intake for human is given in Table IV.  

 
TABLE IV 

ADEQUATE INTAKE FOR HUMAN [7-9] 

Daily consumption (ppm) Cr Fe Se 

0-6 months 0.2 270 15 
7-12 months 5.5 11000 20 

1-3 years 11 7000 20 
4-8 years 15 10000 30 

 9-13 years 21-25 8000 40 
14-18 years 24-35 11000 55 
19-50 years 25-35 8000-18000 55 
> 50 years 20-30 8000 55 
Pregnancy 29-30 27000 60 
Lactation 44-45 9000-10000 70 

 
According to the literature iron is the most required 

element for human body according to these three elements. 
Then selenium and chromium follows. Chromium and 
selenium adequate intakes are increasing from infantry to an 
age 50. 
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But iron element intake is changing from age to age and at the 
pregnancy iron elements adequate intake is at a maximum 
value of 27000 ppm daily. 

Assuming that a person who drinks one cup of black tea 
and green tea and one tea bag weights two grams, the element 
concentrations are recalculated and listed in Table V.  

 
TABLE V 

ELEMENT CONTENTS IN ONE BAG OF TEA (~2 GRAMS) 

Tea Type Element  Pure Concentration 
(ppm) 

Lemon Added 
Concentration (ppm) 

Black Tea 
Cr 9.60x10-5 ± 8.49x10-6 1.06x10-4 ± 2.83x10-6 
Fe 4.79x10-3 ± 8.06x10-5 6.23x10-3 ± 5.28x10-4 
Se 2.19x10-3 ± 8.91x10-5 3.34x10-3 ± 5.57x10-4 

Green Tea 
Cr 2.96x10-4 ± 8.49x10-6 2.60x10-5 ± 2.83x10-6 
Fe - 2.84x10-3 ± 4.95x10-5 
Se 5.60x10-4 ± 2.83x10-6 2.50x10-3 ± 2.69x10-4 

 
Also it can be assumed that for a person who is addicted to 

tea, can be drink ten cups of tea daily. According to this 
chromium, iron and selenium element concentrations are 
recalculated for ten bags of tea and listed in Table VI. 

 
TABLE VI 

TEA ADDICTED PERSON DAILY ELEMENT INTAKE FROM TEA 

Tea Type Element  Pure Concentration 
(ppm) 

Lemon Added 
Concentration (ppm) 

Black Tea 
Cr 9.60x10-4 ± 8.49x10-5 1.06x10-3 ± 2.83x10-5 
Fe 4.79x10-2 ± 8.06x10-4 6.23x10-2 ± 5.28x10-3 
Se 2.19x10-2 ± 8.91x10-4 3.34x10-2 ± 5.57x10-2 

Green Tea 
Cr 2.96x10-3 ± 8.49x10-5 2.60x10-4 ± 2.83x10-5 
Fe - 2.84x10-2 ± 4.95x10-4 
Se 5.60x10-3 ± 2.83x10-5 2.50x10-2 ± 2.69x10-3 

 
According to the Table IV and Table VI, tea addicted adult 

daily tea dietary percentages are calculated and shown in 
Table VII.   

 
TABLE VII 

TEA ADDICTED ADULT DAILY (19-50 YEARS) TEA DIETARY 

Tea Type Element  Pure (%) Lemon Added (%) 

Black Tea 
Cr 2.7x10-3 – 3.8x10-3 3.0x10-3 – 4.2x10-3 
Fe 2.7x10-4 – 6.0x10-4 3.5x10-4 – 7.8x10-4 
Se 4.0x10-2 6.1x10-2 

Green Tea 
Cr 8.5x10-3 – 1.2x10-2 7.0x10-4 – 1.0x10-3 
Fe - 1.6x10-4 – 3.6x10-4 
Se 1.0x10-2 4.5x10-2 

 
As a conclusion it is seen that the chromium, iron and 

selenium concentrations are much more lower than the 
required daily allowance, even if a person is tea addicted or 
not.   

Lemon addition increased the chromium, iron and selenium 
contents in the black teas but in the green tea chromium is 
decreased and iron and selenium is increased.  

As can be seen that both two types of teas and does not 
reach the maximum daily dosage of the elements but the 
element concentrations should be considered at other drinks 

or foods consumed daily. 
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