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Abstract
In this study, famous Zhejiang teas were evaluated as a well-advertised source of selenium. The 25 samples from provinces 
around China and Asia were purchased in Warsaw tea shops. The speciation analysis of selenium as well as the evaluation of 
catechin content in water tea infusions was performed using hydrophilic interaction liquid chromatography coupled to mass 
spectrometry (HILIC-MS/MS). It turned out that all of tested samples can be a great source of organic selenium species (no 
traces of inorganic selenium was found), however, Zhejiang teas did not differ much among others. Such a conclusion can 
also be drawn when comparing the antioxidant capacity of the tested samples, obtained with the application of four methods 
(Folin–Ciocalteu method, scavenging of the 2,2-diphenyl-1-picrylhydrazyl radical, hydroxyl radical scavenging and cupric 
reducing ability assay). What is more, no correlation was found between the selenium content and the antioxidant activity of 
studied teas. The results obtained for the six samples from Zhejiang Province were very varied, which shows that it is very 
difficult to interpret the results and compare them with the results of other authors.
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Introduction

Tea is the second most widely consumed beverage after 
water and its popularity is not only due to a great taste but 
also to its health-promoting properties, especially for green 
tea [1, 2]. Several studies have confirmed the positive role 
of green tea in preventing cardiovascular and degenerative 
diseases, likely due to the antioxidant properties of polyphe-
nolic compounds [3, 4]. The major polyphenols in green tea 
are flavonoids, the most active of which are catechins and 
epigallocatechin gallate [5]. These compounds exert their 
antioxidant and antiradical properties by several mechanisms 
including direct scavenging of reactive oxygen species, 
chemical reducing activity, complexation of pro-oxidant 
metal ions, activation of antioxidant enzymes and inhibi-
tion of oxidases [6]. The newest studies proved that green 
tea catechins inhibit microglial activation which prevents 

the development of neurological disorders as well as play 
a significant role in cancer prevention and therapy [7, 8].

Over the past years, a growing interest in Chinese green 
tea particularly produced in Ziyang County located in the 
southwest of Shaanxi Province has been observed. Almost 
all Chinese tea contain selenium but with different content 
but Ziyang tea, in addition to health-promoting ingredients 
found usually in green tea, also contains significantly high 
content of this element [9–11]. Because of the unique geo-
logic structures, the selenium content in the rock and the soil 
achieves over there 5.66 mg/kg and 3.98 mg/kg, respectively 
[12]. Selenium is not classified as an essential nutrient for 
plants, however, evidence has indicated that soil or foliar 
application of selenium compounds can enhance the growth, 
yield and quality of crops [13, 14]. Moreover, selenium is 
of high importance for many of the body’s regulatory and 
metabolic functions [15, 16]. Epidemiological studies sug-
gested that low Se intake may increase the risk of cardiovas-
cular disease and cancer [17]. However, excessive selenium 
intake may induce adverse effects; selenium species can 
interact with glutathione to form reactive selenotrisulfides 
and generate toxic superoxide and hydrogen peroxide spe-
cies, thereby oxidizing cell membranes and macromolecules 
[18]. It should be stressed out that occurring chemical forms 
of selenium differ from each other in terms of chemical 
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properties, environmental effects, biological utilizations, 
toxicities, and nutrition values and Se organic compounds 
are less toxic and more bioavailable than inorganic forms 
[19, 20]. Several plants have the ability to accumulate Se 
inorganic species from soil and transform them to selenoam-
inoacids. Selenomethionine is the dominant species in rice, 
while vegetables from Allium and Brassicaceae family, such 
as onion, garlic or broccoli, are better sources of methylse-
lenocysteine [21, 22].

Several studies found that Se-enriched green tea pos-
sessed a better sensory quality and exhibited higher antioxi-
dant activity than regular green tea [23–27]. Our research 
was conducted to compare the content of selenium chemical 
forms and antioxidant activity of Ziyang green tea available 
on Polish tea market (sold usually under the name “high 
Se tea”) with green teas from other regions in China and 
other Asia countries. Compared to other works on similar 
topics, these studies were conducted from the point of view 
of the tea consumer. When selecting tea samples, we relied 
entirely on the information available on their packaging or 
information obtained from individual tea houses. The major 
organic forms of selenium present in plant materials, such as 
selenomethionine, selenocysteine and methylselenocysteine 
as well as major polyphenols present in tea, such as catechin, 
epicatechin and epigallocatechin gallate, were determined 
in water tea infusions using hydrophilic interaction liquid 
chromatography coupled with mass spectrometry (HILIC-
MS/MS). The antioxidant properties of the tea infusions 
were examined using Folin-Ciocalteu method (FC), scav-
enging of the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radi-
cal, hydroxyl radical scavenging (OH) and cupric reducing 
ability (CUPRAC) assays.

Materials and methods

Reagents and apparatus

The commercial standards of sodium selenite  (Na2SeO3), 
sodium selenate  (Na2SeO4), selenomethionine (SeMet), 
methylselenocysteine (MeSeCys) and selenocysteine 
(SeCys) as well as catechin (CAT), epicatechin (EPI), epi-
gallocatechin gallate (EGCG) standards were purchased 
from Sigm-Mercka (Steinheim, Germany). For mobile-phase 
preparation, MeOH was purchased from Merck (Darmstadt, 
Germany) and water was obtained from a Mili-Q water puri-
fication system (Milipore, Bedford, MA, USA).

Chromatographic analysis was performed with the Shi-
madzu LC system consisted of binary pumps LC20-AD, 
degasser DGU-20A5, column oven CTO-20AC, autosam-
pler SIL-20AC and 8030 triple quadrupole Mass Spectrom-
eter (Shimadzu, Japan) equipped with an ESI source oper-
ated in negative-ion or positive-ion mode, according to the 

determined species. The ESI conditions were as follows: the 
capillary voltage 4.5 kV, temperature 400 °C, the source gas 
flow 3 L/min, drying gas flow 10 L/min.

Separation of selenium compounds was performed in 
HILIC mode. Compounds were separated on Atlantis HILIC 
(100 × 2.1, 3 µm) from Waters (Dublin, Ireland). The mobile 
phase consisted of methanol and 8 mM ammonium acetate 
pH 7 (85/15, v/v) was delivered at 0.2 ml/min. Selenium 
compounds were identified by comparing their retention 
times and m/z values obtained by MS and MS2 with the 
mass spectra. The optimization of the separation process 
was described by the author earlier [28].

Samples and brewing processes

All of the analyzed green teas were purchased in Warsaw 
tea rooms. Each of them had documented origin. Hence, the 
division of teas into selenized green Chinese teas, regular 
Chinese green teas and other according to their exact origin. 
Figure 1 (based on [29]) shows maps indicating the origin 
of analyzed teas. The samples were marked as follows: sele-
nized green teas from Zhejiang Province: L1 (Lung-Ching), 
L2 (Lung-Ching), L3 (Lung-Ching), L4 (Lung-Ching), 
HM (High Mountians), MG (Misty Green); other Chinese 
green teas: J (Jiangsu Province), S (Xinjiang), F (Fujian), 
Y1,Y2,Y3 (Yunnan), X1, X2, X3, X4, X5, X6 (Unknown 
Chinese Province), M (mix of Chinese teas); other non-
Chinese teas from Asia: JP1, JP2 (Japan), V (Vietnam), A 
(Azerbaijan), I (India) and C (Ceylon, Sri Lanka).

To simulate the household brewing process, the samples 
were prepared using an aqueous extraction procedure. The 
process was conducted by adding 100 mL of hot distilled 
water to 2 g of tea leaves and mixing for 1 h. Before the 
analysis all the extracts was filtered through 0.22 µm PTFE 
filter (Millipore).

Antioxidant activity

Scavenging of free radicals by the tested tea infusions was 
evaluated by DPPH assay [30]. Briefly, 0.1 mL of a sam-
ple was added to 2.4 mL of methanolic radical solution 
(9 × 10–5 mol  L−1). The decrease in absorbance was meas-
ured 30 min after mixing reagents at 518 nm. The results 
were expressed as a trolox equivalent (TRE) in µM. Each 
sample was analyzed in triplicate.

Folin–Ciocalteu assay was performed according to pro-
cedure described by Singleton with some changes [31]. In 
details, 1 mL of sample was mixed with 0.1 mL of FC reagent 
and 0.9 mL of water. Then, after 5 min, 1 mL of sodium car-
bonate (7% v/v) and 0.4 mL of water were added. For another 
30 min, the mixture was allowed for stabilization and forma-
tion of blue color. The absorbance against blank was meas-
ured at 765 nm. The obtained results were expressed as gallic 
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acid equivalent (GAE) in mM. Each sample was analyzed in 
triplicate.

The capacity to reduce cupric ions was determined using 
CUPRAC method described by Apak [32]. 1 mL of copper 
chloride (1 × 10–2 mol  L−1) was mixed with 1 mL of metha-
nolic solution of neocuproine (7.5 × 10–3 mol  L−1) and 1 mL 
of ammonium acetate buffer (1 M, pH 7), followed by adding 
0.5 mL of tea extract and 0.6 mL of water. The mixture was 
then incubated at 50 °C in water bath for 20 min. Absorbance 
against blank was measured at 450 nm. The obtained results 
were expressed as trolox equivalent (TRE) in µM. Each sample 
was analyzed in triplicate.

For the hydroxyl radical scavenging activity, the proce-
dure described by Smirnoff and Cumbes was used [33]. The 
reaction mixture contained 1 mL iron sulfate (1.5 × 10–3 mol 
 L−1), 0.7 mL hydrogen peroxide (6 × 10–3 mol  L−1), 0.3 mL 
sodium salicylate (2 × 10–2 mol  L−1) and 1 mL of the extracts. 
After 1 h incubation at 37 °C, the absorbance was measured at 
562 nm. The scavenging activity of the extract was calculated 
as follows:

where A0 is an absorbance of the blank (without tea extract), 
A1 is the absorbance with the tea extract and A2 is the absorb-
ance without sodium salicylate.

% OH =
1 − (A

1
− A

2
)

A
0

⋅ 100%

Statistical analysis

The experimental results were obtained from at least three 
parallel measurements and are presented as average ± stand-
ard deviation. The significance of differences among means 
was carried out at 5% probability level using one-way 
ANOVA and Tukey’s test.

Results and discussion

The content of the main selenoaminoacids and catechins 
in the water extracts of 25 green teas bought in Warsaw tea 
rooms were compared. The places of origin of tested Chi-
nese green teas are marked in Fig. 1. It should be noted that 
the analyzed Chinese teas come from provinces in which the 
soil is rich in selenium to varying degrees, as also shown in 
Fig. 1. The famous Ziyang teas (samples L1, L2, L3, L4, 
HM, MG) are well known for high content of selenium, how-
ever, samples J and F come from neighbouring provinces, 
where the soil is also rich in selenium. Another Chinese teas 
marked as Y (samples Y1, Y2, Y3 from Yunnan Province) 
and S (Xinjiang) may contain different selenium contents 
depending on the location of the crop. For six teas, marked 
as X and M, we know next to nothing about their origin. 

Fig. 1  Geographical origin of tested Chinese tea samples, including the content of selenium in soils. Based on Wang and Gao [29]
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Our study is quite a new approach to this subject because 
the studies regarding Ziyang teas described in the literature 
have been made by research groups from China, so the tea 
samples were purchased on the spot. Some of the researchers 
grow selenized green tea by themselves.

The contents of some selenoaminoacids in the studied 
green tea water infusions are presented in Table 1. The 
extract of Ziyang tea L1 had the highest content of methyl-
selenocysteine (MeSeCys) followed by X5 and Y1. The con-
centration of this selenium compound in other Ziyang teas 
was in range of 2.1–3.04 µg/g, with the exception of HM, 
which turned out to be the poorest in MeSeCys of the group 
(1.55 µg/g). Zhang reported the concentration of SeMeCys 
equals to 1.07 µg/g in the infusion of Se-enriched tea brewed 
in boiling water for 1 h and 0.98 µg/g in the extract of regular 
green tea [34]. Selenomethionine (SeMet) was present in all 
studied tea samples; in Zhejiang green tea, its content was in 
range from 1.02 µg/g (L1) to 2.05 µg/g (MG). Zhang found 

SeMet only in selenized green teas cultivated in Enshi prov-
ince (1.32 µg/g) [34]. Selenocystine (SeCys) was detected in 
all studied samples with the exception of Chinese tea X5 and 
Ceylon tea (C). The concentrations of SeCys in Ziyang teas 
were below 1 µg/g, with the exception of MG (1.72 µg/g).

Inorganic selenium, selenite and selenate were below 
limit of detection (0.1 µg/g) in all studied tea samples. These 
Se species were detected in selenized green tea but plant 
leaves were sprayed with sodium selenite during cultivation, 
thus, selenium was delivered not only from soil, but also 
from the fertilizers [23, 26]. It should be highlighted, that 
the kind of selenium compound present in fertilizer affects 
the selenium form and concentration in the final product. 
Higher concentration of selenium was present in tea ferti-
lized with  Na2SeO4 (10.61 mg/kg) in comparison to that fer-
tilized with  Na2SeO3 (7.56 mg/kg), while regular tea leaves 
contained only 0.121 mg/kg of Se [25]. The same research 
group reported that also foliar spraying with selenite resulted 

Table 1  Selenoaminoacid and catechin contents in the studied green tea infusions

Concentrations expressed in µg/g for selenium compounds and in mg/g for catechins in DW of tea. Different letters in each column indicate a 
difference at a significance level of p = 0.05

MeSeCys SeMet SeCys Catechin Epicatechin EGCG 

Chinese green teas from Zhejiang County
 Lung Ching (L1) 5.13 ± 0.06a 1.02 ± 0.01a 0.432 ± 0.02a 0.180 ± 0.01a 7.31 ± 0.04a 13.2 ± 0.04a

 Lung Ching (L2) 2.10 ± 0.01b 1.22 ± 0.02b 0.217 ± 0.01b 13.3 ± 0.02b 4.44 ± 0.09b 12.0 ± 0.03b

 Lung Ching L3) 2.58 ± 0.07c 1.52 ± 0.02c 0.179 ± 0.01b 4.57 ± 0.03c 23.5 ± 0.10c 18.4 ± 0.09c

 Lung Ching L4) 3.04 ± 0.04d 1.91 ± 0.02d 0.195 ± 0.01b 1.88 ± 0.02d 6.04 ± 0.09d 5.35 ± 0.06d

 Misty Green (MG) 2.63 ± 0.01c 2.05 ± 0.03e 1.72 ± 0.02c 4.59 ± 0.01c 28.2 ± 0.07e 15.7 ± 0.01e

 High Mountain (HM) 1.55 ± 0.02e 1.61 ± 0.01f 0.787 ± 0.01d 1.61 ± 0.01e 3.85 ± 0.05f 2.00 ± 0.01f

Chinese green teas from other provinces
 Jiangsu (J) 2.31 ± 0.03b 1.06 ± 0.02a 0.560 ± 0.02e 7.43 ± 0.02f 13.3 ± 0.10g 7.17 ± 0.04g

 Sinciang (S) 3.91 ± 0.03f 1.07 ± 0.01a 0.367 ± 0.01f 2.51 ± 0.01g 15.5 ± 0.09h 16.5 ± 0.03h

 Fujian (F) 2.81 ± 0.08c 2.33 ± 0.01g 1.21 ± 0.01g 0.642 ± 0.02h 3.37 ± 0.01f 3.20 ± 0.01i

 Yunnan (Y1) 3.62 ± 0.04f 0.369 ± 0.01h 0.254 ± 0.01h 15.6 ± 0.02i 67.0 ± 0.30i 15.1 ± 0.04j

 Yunnan (Y2) 4.47 ± 0.05g 0.214 ± 0.01i 0.331 ± 0.02i 9.69 ± 0.02j 55.6 ± 0.20j 9.29 ± 0.02k

 Yunnan (Y3) 3.04 ± 0.09 d 1.12 ± 0.02j 1.02 ± 0.01j 1.04 ± 0.01k 32.4 ± 0.15k 28.7 ± 0.10l

 Unknown (X1) 1.33 ± 0.04e 2.29 ± 0.02g 1.20 ± 0.01g 0.807 ± 0.01h 1.47 ± 0.01l 4.22 ± 0.01m

 Unknown (X2) 2.92 ± 0.04c 1.67 ± 0.01k 1.08 ± 0.02k 2.56 ± 0.02g 6.31 ± 0.01d 4.01 ± 0.01m

 Unknown (X3) 3.03 ± 0.03d 2.29 ± 0.02g 1.14 ± 0.02l 5.00 ± 0.03l 8.61 ± 0.02m 7.13 ± 0.01g

 Unknown (X4) 2.45 ± 0.02b 1.48 ± 0.01c 0.400 ± 0.01f 0.166 ± 0.02a 9.28 ± 0.02n 7.61 ± 0.01g

 Unknown (X5) 4.52 ± 0.07g 0.861 ± 0.02l  < LOD 7.20 ± 0.01m 5.06 ± 0.02o 10.3 ± 0.03o

 Unknown (X6) 2.65 ± 0.10c 1.22 ± 0.03b 0.551 ± 0.01e 4.37 ± 0.02n 18.9 ± 0.10p 4.66 ± 0.01p

 Mixed (M) 2.32 ± 0.04b 2.1 ± 0.01 m 2.41 ± 0.02n 1.44 ± 0.02e 4.42 ± 0.01b 4.98 ± 0.05p

Other green teas from Asia
 Japan (JP1) 1.40 ± 0.02e 0.297 ± 0.01n 0.377 ± 0.01f 8.31 ± 0.03o 14.7 ± 0.20r 3.72 ± 0.02r

 Japan (JP2) 1.41 ± 0.01e 0.246 ± 0.02i 1.20 ± 0.02g 11.9 ± 0.02p 11.2 ± 0.10 s 9.49 ± 0.01k

 Vietnam (V) 1.03 ± 0.01h 2.14 ± 0.01m 1.93 ± 0.01o 2.42 ± 0.02g 10.6 ± 0.05t 8.18 ± 0.21s

 Azerbaijan (A) 1.30 ± 0.01e 1.02 ± 0.01a 0.715 ± 0.01p 1.61 ± 0.01e 16.4 ± 0.01u 9.94 ± 0.01k

 India (I) 3.12 ± 0.04d 1.2 ± 0.01b 0.848 ± 0.01r 4.85 ± 0.02 l 10.1 ± 0.01t 7.76 ± 0.02g

 Sri Lanka, Ceylon (C) 4.17 ± 0.04i 1.45 ± 0.02c  < LOD 3.30 ± 0.01r 7.16 ± 0.01a 1.90 ± 0.01f
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in the Se content lower than in previous work (3.780 mg/g) 
but higher value (5.895 mg/kg) was obtained using for fer-
tilization organically bound selenium [35]. The authors do 
not provide a reason for this difference. Literature gener-
ally indicates the content of selenium in tea grown with the 
addition of selenium fertilizers under laboratory conditions, 
information on the content of this element in samples with-
out fertilization, grown on plantations is not available.

Data regarding the effect of selenium spraying on the total 
polyphenol content in green teas are inconsistent [23, 25, 
27, 35], similarly as for other plant extracts [36–38]. In all 
of these works, Folin–Ciocalteau (FC) assay was used for 
the evaluation of total phenolics content. However, several 
non-phenolic compounds, including proteins, amino acids, 
thiols and vitamins which are commonly present in plants, 
also react with FC reagent (mixture of phosphotungstic and 
phosphomolybdic acids) to form a blue complex [39]. As a 
consequence, the obtained results depend on the presence 
of other reductants and they could be overestimated. On the 
other hand, it is known that the conditions of tea cultivation, 
type of soil, intensity of solar radiation, temperature, and 
precipitation affect the polyphenol profile and thus antioxi-
dant capacity of a given extract.

In this work, the contents of major polyphenolic com-
pounds present in green tea (i.e. catechins) were determined 
using HPLC–MS/MS method for comparison of Ziyang 
green tea and different green teas from other places in China 
as well as from other countries in Asia. The obtained results 
are presented in Table 1. The highest content of catechin was 
found in sample L2 (13.3 mg/g), while the lowest content 
was found in X4 (0.166 mg/g) and L1 (0.180 mg/g) sam-
ples. High content of this compound was detected in Japa-
nese teas (JP1 and JP2) and two Yunnan teas (Y1 and Y2). 
The content of catechin in Zhejiang tea extracts varied form 
0.18 mg/g (L1) to 4.59 mg/g (MG). He reported the average 
value of catechin, epicatechin and EGCG in Zhejiang tea as 
1.44 mg/g, 6.66 mg/g and 70.55 mg/g, respectively, but for 
extraction, they employed 50% (v/v) ethanolic solution and 
heating at 80 °C for 20 min [9]. Our studies with hot water 
simulate the household brewing process.

The highest content of epigallocatechin gallate (EGCG), 
the most biologically active catechin, was obtained in Y3 
from Yunnan province (28.7 mg/g), followed by sample 
L3 (18.4 mg/g). On the other hand, the concentration of 
epicatechin in studied samples is much higher for L3 and 
MG (23.5 and 28.2 mg/g) or significantly lower, for exam-
ple, the lowest concentration of epicatechin was obtained 
in HM (3.85 mg/g). In general, high content of epicatechin 
was found in non-Chinese teas. For this group of samples, 
the concentration of this flavonoid was in range from 7.16 to 
16.4 mg/g. On the other hand, Vodnar and Socaciu reported 
the concentration of catechin, epicatechin and EGCG as 
2.14, 3.05 and 19.64 mg/g in the water extract of selenized 

green tea being originally from Shaanxi China [40]. This 
highlights the fact that the samples are varied and thus the 
results.

It was postulated that Se-enriched green tea had higher 
antioxidant activities in comparison with regular one due 
to the combination of selenium with tea polyphenols and 
polysaccharides [25–27]. A number of chemical assays have 
been developed to measure the radical scavenging capacity, 
reducing power, chelating ability and other specific attrib-
utes of antioxidants in food samples [41, 42]. These methods 
vary in terms of antioxidant mechanism, redox potential, 
type of substrate and chemical conditions. Due to the lack of 
standard quantification method for this purpose, there is the 
strongly recommendation to use at least two assays which 
measured different aspects of the antioxidant behaviors to 
generate a complete antioxidant profile [41].

In this study, the antioxidant properties of all green tea 
extracts were determined using Folin-Ciocalteu method 
(FC), scavenging of the 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) radical, hydroxyl radical scavenging (OH) and 
cupric reducing ability (CUPRAC) assays. The obtained 
results are summarized in Table 2. The decrease in the 
absorbance of DPPH radical due to the scavenging activity 
of the extracts of selected teas is also presented in Fig. 1S. 
It was found that Ziyang green tea does not show the highest 
antioxidant activity in comparison to others. The extracts of 
teas from Yunnan Province (like Y1 or Y2) were character-
ized by higher values of Trolox equivalent. Moreover, the 
results obtained for teas from neighboring provinces (J, S, 
F) are similar to those obtained for selenium teas from the 
Ziyang area. The lowest ability to scavenge free radicals 
was observed for Ceylon (C) tea, followed by Chinese teas 
marked as X1, X2, X3 and X4 and M. For other Chinese 
teas, similar results to Ziyang teas were obtained. Molan 
et al. [27] reported almost similar percentage of DPPH 
discoloration by the 1% extracts of Chinese green tea with 
0.13 mg Se/kg and that with higher in its content (1.4 mg 
Se/kg)—69.4% and 71.5%, respectively.

Hydroxyl radical scavenging assay was also used to 
examine the antioxidant activities of teas. The main dif-
ference between this assay and the ability to scavenge the 
DPPH radical is the fact that hydroxyl radicals are found in 
the living systems, while the 2,2-diphenyl-1-picrylhydrazyl 
radicals are synthetic. Teas marked as L2 and MG (both 
originated in Ziyang Province) showed the highest ability 
to scavenge the hydroxyl radical (99.6% and 99.9%, respec-
tively). A slightly lower value was obtained for a sample 
from an unknown Chinese province X5. Higher value than 
90% were also obtained for L4 (one of selenized teas), Y3 
(Yunnan Province) and X6 (unknown origin). Surprisingly, 
for the other two samples from the Yunnan province, the 
values were significantly lower than for Y3, suggesting a 
different location for these crops within one province. The 
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lowest ability to scavenge the hydroxyl radical was obtained 
for India tea (13.0%).

The highest reducing activity in CUPRAC assay was 
obtained for Unknown X6 and Yunnan teas; Y1 and Y2, all 
of the values were higher than 50 mmol Tr/L. The Zheijang 
teas were characterized by middle values ranged from 31.6 
(HM) to 40.1 Tr/L (MG). The lowest reducing activity was 
observed for mixed Chinese tea (M) and Ceylon tea (C). The 
Folin–Ciocalteu method, also known as the total polyphenol 
content, was also used. The values obtained for selenized 
teas were in range from 403 mg GA/L (HM) to 646 mg 
GA/L (MG). In general, these were middle values. The high-
est one was obtained for two unknown Chinese teas X5 and 
X6 (values higher than 100 mg GA/L). It was reported that 
regular green tea showed higher polyphenol content than 
selenized one [24, 25]. Xu et al. [35] showed that tea plant 
enriched with sodium selenite was characterized by lower 
total polyphenol content than regular green tea, while the 
same kind of tea but Se-enriched with fertilizer (the authors 

did not show which one) contained higher total polyphenols 
content in comparison to regular green tea. Generally, the 
effect of chemical stress induced by selenium treatment can 
enhance the antioxidant activity of plant extracts [38, 43]. 
However, the opposite results are also reported [44]. The two 
studied varieties of apples were differently affected: one of 
them mostly showed a higher antioxidant activity (measured 
with TEAC) resulting from the biofortification and inde-
pendently of the selenium form and the level of applica-
tion, whereas the values for the second was only slightly 
influenced by the biofortification. Moreover, some selenium 
compounds and their metabolites can act as antioxidants, 
pro-oxidants or both depending of specific conditions [45]. 
The antioxidant properties of selenium compounds in DPPH 
assay decrease in order: MetSeCys > Se (VI) ≥ SeMet > Se 
(IV) [46].

Based on the collected data, attempts were made to group 
the analyzed teas, based on their antioxidant capacities, as 
shown in Fig. 2. It can be seen that values obtained for 

Table 2  The antioxidant activity 
of studied green tea infusions

Different letters in each column indicate a difference at a significance level of p = 0.05

Tea FC [mg GA·L−1] CUPRAC 
[mmol 
TR·L−1]

DPPH [mmol TR·L−1] OH radicals [%]

Chinese green teas from Zhejiang County
 Lung Ching (L1) 611 ± 4a 39.8 ± 1.4a 30.6 ± 0.5a 82.1 ± 1.23a

 Lung Ching (L2) 543 ± 6b 38.2 ± 0.4a 27.7 ± 0.4b 99.6 ± 1.37b

 Lung Ching (L3) 568 ± 3b 39.1 ± 0.8a 30.3 ± 1.1a 58.5 ± 0.986c

 Lung Ching (L4) 524 ± 7b 37.9 ± 2.0a 29.9 ± 0.3a 95.8 ± 1.41d

 Misty Green (MG) 646 ± 9c 40.1 ± 3.1a 32.5 ± 1.0a 99.9 ± 1.21b

 High Mountain (HM) 403 ± 9d 31.6 ± 2.0b 24.8 ± 1.2c 73.9 ± 0.996e

Chinese green teas from other provinces
 Jiangsu (J) 641 ± 6c 41.2 ± 2.1a 30.3 ± 0.7a 59.4 ± 0.872c

 Sinciang (S) 630 ± 8c 39.5 ± 1.0a 30.2 ± 0.2a 65.0 ± 0.932f

 Fujian (F) 391 ± 3d 31.6 ± 0.9b 23.7 ± 1.1c 64.2 ± 0.865f

 Yunnan (Y1) 831 ± 5e 50.9 ± 1.1c 35.7 ± 0.3d 66.7 ± 0.781f

 Yunnan (Y2) 679 ± 7f 51.7 ± 1.8c 37.5 ± 0.5d 14.6 ± 0.231g

 Yunnan (Y3) 609 ± 6a 39.9 ± 2.2a 29.9 ± 0.6a 93.5 ± 1.13d

 Unknown (X1) 442 ± 2g 28.1 ± 0.8b 23.4 ± 0.4c 75.6 ± 0.876e

 Unknown (X2) 488 ± 9h 29.5 ± 0.9b 22.4 ± 1.3c 78.1 ± 0.654e

 Unknown (X3) 413 ± 3d 30.7 ± 0.7b 23.7 ± 2.1c 76.4 ± 0.591e

 Unknown (X4) 433 ± 2g 29.1 ± 0.3b 21.1 ± 0.3c 23.6 ± 0.321h

 Unknown (X5) 1010 ± 9i 60.8 ± 2.7d 42.7 ± 0.4e 97.6 ± 1.11b

 Unknown (X6) 1020 ± 9i 55.4 ± 2.1c 37.6 ± 1.1d 93.4 ± 1.12d

 Mixed (M) 461 ± 8g 27.7 ± 0.3b 22.2 ± 0.6c 51.2 ± 0.872i

Other green teas from Asia
 Japan (JP1) 524 ± 5b 34.8 ± 0.6b 29.2 ± 0.2a 47.2 ± 0.373j

 Japan (JP2) 590 ± 7a 36.6 ± 0.5a 28.9 ± 0.3a 32.5 ± 0.245k

 Vietnam (V) 549 ± 9 b 35.6 ± 0.4b 26.4 ± 0.4b 67.5 ± 0.  333f

 Azerbaijan (A) 491 ± 8h 31.7 ± 0.4b 26.2 ± 1.3b 86.2 ± 0.527l

 India (I) 549 ± 8b 34.9 ± 1.3b 26.0 ± 0.5b 13.0 ± 0.103g

 Sri Lanka, Ceylon (C) 457 ± 7g 27.6 ± 0.2b 19.6 ± 0.6f 70.5 ± 0.202m
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Zijang teas vary and those obtained for neighboring prov-
inces are close. Yunnan teas formed separate group as well 
as unknown Chinese teas (samples X1-X4). What is inter-
esting that samples marked as X5 and X6 differ from other 
unknown Chinese teas. This suggests that they could have 
their origin in other province than the rest. The differences 
between the J (Jiangsu) and F (Fujian) teas can be surpris-
ing, because both of them came from neighboring to Zjjiang 
provinces, where soil is rich in selenium. However sample 
J is rather more similar to sample S (Xinjiang) in terms of 
antioxidant activities. All of them showed some similarities 
only in OH scavenging activity.

Principal component analysis (PCA) was also performed 
between each two variables and no correlation between 
the selenium content and antioxidant activities was found 
(Fig. 2S). The correlation between the content of sele-
nium, catechins, pH and the antioxidant capacity of the 

studied teas was examined also using linear correlation. 
The obtained values of Pearson’s coefficients are presented 
in the Table 1S. No relationship was found between the 
content of any of the detected forms of selenium and the 
antioxidant capacity of the studied teas. The highest value 
of Pearson’s coefficient was obtained for the SeMeSeCys 
content and antioxidant capacity in FC assay (0.578) and 
CUPRAC assay (0.559) which suggests a moderate correla-
tion between variables. For the other selenium compounds 
(SeMet and SeCys), negative values of correlation coeffi-
cients between their contents and the antioxidant activity 
of teas were obtained. This suggests an inverse relation-
ship to the expected one. Sotek et al. [47] found the high-
est Pearson positive coefficient between selenium content 
and ABTS radicals scavenging only for a few of the tested 
medical plants, such as Centaurea cyanus (0.656), Plantago 
lancelota (0.689) and Majorana hortensis (0.691). Only for 

Fig. 2  An attempt to group the results of studies on the antioxidant capacity of teas: a Folin-Ciocalteu assay; b CUPRAC; c DPPH; d Hydroxyl 
radicals scavenging
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that first plant, a significant correlation between Se level and 
the results from FC assay was found (0.626).

No correlation was found also between the selenium con-
tent and catechin concentration in the studied infusions. In 
case of SeMet, negative correlations between its concentra-
tion and the EPI and EGCG content were established (-0.656 
and -0.564, respectively).

Conclusion

Green tea beverages have been continuously considered 
as a medicine because of their polyphenols. Additionally, 
Chinese green teas, particularly produced in Ziyang County 
located in the southwest of Shaanxi Province of China, are 
advertised as they are rich in selenium. No wonder that 
consumers eagerly reach for such a tea, believing in its 
additional health-promoting properties. However, green tea 
extracts from other Chinese provinces, also contain consid-
erable amounts of organic selenium forms. For example, teas 
from Yunnan province (samples Y1-Y3) contain higher con-
tent of MeSeCys, which is considered as a selective modu-
lator of the antitumor activity. The content of catechins in 
studied water tea infusions also varies. HPLC analysis of 
catechins for quality control and identification of Ziyang 
green tea was done using 50% ethanol solution for extraction 
(He et al. 2015). Such conditions provide higher content of 
all studied polyphenols (due to better solubility) but do not 
reflect household brewing process.

The demands that Se-enriched green tea extract had 
higher polyphenols content and higher antioxidant activities 
in comparison with regular one do not always work. Sele-
nocompounds and other non-phenolic components may play 
also a vital role in the antioxidant activity of that extract. It 
should be remembered that selenium compounds can act 
as antioxidants or pro-oxidants and when the plants were 
subjected to higher Se concentration, the antioxidant activ-
ity may decrease.

A number of difficulties are also encountered when try-
ing to compare the published results. There is no precise 
data on how the samples of selenium teas were obtained 
and how they were cultivated (with Se fertilizers or not). In 
summary, it is worth drinking and enjoying green tea, but 
it is not worth running around tea houses and looking for 
selenium green tea.
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