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 ABSTRACT 

Two black aqueous tea extracts of Camellia sinensis, (selenium-

rich black tea (Se-BTE) and regular black tea (R-BTE)) were 

assessed for their total phenolic content (TPC) and antioxidant 

properties. Aqueous tea extracts were prepared using different 

extraction temperature and time. TPC was measured using the 

Folin-Ciocalteu method, while antioxidant activity was measured 

by ferric-reducing antioxidant power (FRAP) and 2,2-diphenyl-1-

picrylhydrazyl (DPPH) assays. The R-BTE showed significantly 

higher TPC (P < 0.05) and antioxidant activity (P < 0.05) than the 

Se-BTE, which may be due to these being different cultivars, or 

differences in growing conditions. Our findings demonstrate that 

both extraction temperature and time are important determinants of 

extracted TPC and antioxidant activities of these teas. In addition 

and in contrary to our expectations, the high level of organic 

selenium in black tea did not enhance the antioxidant activity when 

compared with black tea containing very low level of organic 

selenium. Other elements and minerals may contribute to the high 

antioxidant activity detected in the regular black tea. 

Keywords: selenium-rich black tea; 

regular black tea; total phenolic 

contents; ferric-reducing/antioxidant 

power; DPPH-scavenging activity 

  

 

INTRODUCTION 

Tea is an infusion beverage made from the leaves of the plant Camellia sinensis and has 

been consumed worldwide for centuries. Tea is served in a diverse range of varieties, with 

the most common forms being black, green, oolong and white teas, all categorized 

according to their method of production [1]. Tea has a high polyphenol content, with 
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catechins and their polymerized forms such as theaflavins and thearubigins being 

responsible for most of the health-giving properties of tea. The major tea catechins are (-)-

epigallocatechin gallate (EGCG), (-)-epigallocatechin (EGC), (-)-epicatechin (EC) and (-)-

epicatechin gallate (ECG), which are found abundantly in green and white teas. The 

theaflavins and thearubigins are complex phenolic compounds derived from the enzymatic 

oxidation of catechins during the fermentation stage of oolong and black tea production [2] 

and are only present in these teas.  

The four major theaflavins identified in black and oolong teas, include theaflavin, 

theaflavin-3-gallate, theaflavin-3’-gallate and theaflavin-3,3’-gallate. However, the chemical 

structure of thearubigins is not well-defined and still remains unclear [3]. 

The most widely recognized property of tea polyphenols is their potent antioxidant activity, 

as evidenced to have antioxidative roles by in vitro and in vivo studies [4, 5]. Tea 

polyphenols act as antioxidants by scavenging reactive oxygen and nitrogen species free 

radicals, as well as chelating redox-active transition metal ions [4]. Epidemiological and 

experimental studies have demonstrated that tea polyphenols may reduce the risk of 

oxidative-related diseases such as cancers [6], chronic degenerative diseases [7] and obesity 

[8]. Due to their strong antioxidant activities, tea catechins are utilised in the food industry 

as a potential source of natural antioxidants to improve food quality and prolong the shelf-

life of food products [9].  

There has been increased interest in the antioxidant properties of Selenium-containing teas, 

particularly in response to their purported health claims surrounding their use, and also the 

potential use of tea extracts as nutraceuticals. Selenium (Se) is an important trace mineral 

that is found in meats and seafood, with Se levels in agricultural products solely dependent 

on soil selenium concentrations and the bioavailability to plants [10]. Importantly, Se is an 

essential component of selenoenzymes, which are selenium-dependent antioxidant enzymes, 

that play an antioxidant role in cellular membrane protection. Tea plants grown in Se-rich 

soils are high in Se, the tea brewed from these plants is suggested to be more antioxidant 

rich when compared to regular tea, possibly due to a higher Se content, which may act with 

other polyphenolic compounds synergistically [5]. Previous research has shown that a Se 

enrichment in tea can significantly enhance the antioxidant activity of tea [11].  

To the best of our knowledge, there has been no investigation of the antioxidant properties 

of selenium-rich black tea. Promising reports on the antioxidant effects of tea, as well as Se 

have led us to hypothesize that selenium-rich black tea might be more effective as an 

antioxidant compared to regular black tea. Therefore, studies on selenium-rich black tea for 

its total phenolic content and antioxidant capacity must first be performed to confirm this 

hypothesis. Accordingly, the aim of the present study is to assess the phenolic content and 

antioxidant capacity of Se-rich black tea in comparison with regular tea. In addition, we also 

studied the effect of different tea extraction conditions (water temperature and extraction 

time) on polyphenolic content and antioxidant properties. The correlation between the total 

phenolic content (TPC) and antioxidant properties of the tea extracts was also investigated.    

 

Material and  Methods 

Chemicals  

All chemicals used in this study were of analytical grade purchased from Sigma-Aldrich 

Chemical Co. (Auckland, New Zealand). Ultrapure Milli-Q (MQ) water was used 

throughout the study which was obtained from a Milli-Q system (Millipore, Milford, MA).  
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Preparation of tea extracts 

Dry leaves of regular black tea powder (R-BTE) were purchased from a local retail shop in 

New Zealand, while dry leaves of selenium-containing black tea (Se-BTE) were obtained 

from a tea plantation in China which is only 19 km away from a Se mine. 1% aqueous 

extracts were prepared using a modified infusion method of Molan et al. [5]. Prior to use, 

dry tea leaves were ground into fine powders. Then, 1 g of each of the powdered tea leaves 

were infused with 100 mL of MQ water at different brewing temperatures (50, 70, 90 and 

100ºC) and allowed to brew for different lengths of time (2, 5 and 10 min) with continuous 

stirring. The infusions were decanted and filtered through Whatman No. 4 filter paper (0.45 

mm) to remove insoluble solid matter.  

Mineral analysis of dry tea material 

Dry leaves of both SGT and CGT were ground into fine powders and sent to the Hill 

Laboratories (www.hill-labs.co.nz), Ruakura Research Centre, Hamilton, New Zealand for 

mineral analysis. The Ca, Fe, K, Na and P were determined by inductively coupled plasma-

optical emission spectrometry (ICP-OES), while Cu, Mn, Se and Zn were determined by 

inductively coupled plasma-mass spectrometry (ICP-MS). 

Determination of total phenolic content 

 The total phenolic content (TPC) of each tea sample was quantified using Folin-Ciocalteu’s 

reagent, as described previously by Molan et al. [5]. The total polyphenol content of the tea 

extracts was calculated using a calibration curve for gallic acid and expressed as mg gallic 

acid equivalents per gram of tea leaves on a dry basis (mg GAE/g DW). Results are also 

expressed as mg of TPC estimated to be held in a typical serving of a common tea strength 

consumed (1 %,  w/v). 

Ferric-Reducing/Antioxidant Power (FRAP) assay 

 Antioxidant activity (AOA) of the tea extracts was determined using a modified FRAP 

assay [5]. The FRAP values were expressed as mg FeSO4 equivalents per g tea leaves on a 

dry basis (mg FeSO4 E/g DW), where the calculations were based on the standard curve of 

FeSO4·7H2O. Results are also expressed as mg of FRAP estimated to be held in a typical 

serving of a common tea strength consumed (1 %, w/v).    

Diphenyl-picrylhydrazyl (DPPH) radical scavenging activity assay 

 The antiradical activity of tea extracts was assessed on the basis of the ability to scavenge 

the stable 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical [5] with modification. The 

DPPH-scavenging activity was expressed as mg ascorbic acid (Vitamin C) equivalent 

antioxidant capacity per gram dry weight of tea leaves (mg VCEAC/g DW), calculated from 

the calibration curve of ascorbic acid standard solutions (17.6 – 176 µg/mL). Results are 

also expressed as mg of DPPH estimated to be held in a typical serving of a common tea 

strength consumed (1 %, w/v).    

Statistica analysis 

Absorbance readings of tea samples and standard were corrected for the blank and dilution 

factor before TPC, FRAP and DPPH values were determined. All measurements were 

carried out in triplicate across three independent experiments, and results statistically 

analyzed using SAS Version 9.2 (SAS Institute Inc., Cary, NC, USA). Simple linear 

regression analysis was performed to calculate the dose-response relationship of standard 

solutions used for calibration; Fe(II), gallic acid and ascorbic acid. Pearson correlation 

coefficients (R) between assays were performed using the PROC CORR procedure to 
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achieve the correlation between the phenolic contents and antioxidant activity assays. One-

way analysis of variance (ANOVA) was used to test for significance between means, while 

factorial ANOVA was performed to analyze the effect of tea extract, extraction temperature 

and time on the total phenolic contents. Both ANOVA tests employed Tukey’s posthoc 

analysis. A difference was considered to be statistically significant when p < 0.05.  

 

Results and Discussion 

Mineral profile of teas 

The Se-BTE and R-BTE powdered leaves were analyzed for mineral content (Fig. 

1). Elemental analysis indicated that the Se-BTE leaves had a 23.7-fold higher total 

selenium concentration (1.42 versus 0.06 mg of Se/kg). Moreover, Se-BTE contains higher 

concentrations of phosphorus, zinc and copper than R-BTE (Fig. 1), but R-BTE contains 

more iron, boron, and manganese. 

 

 

Fig. 1.  Mineral profile of selenium-rich black tea (upper panel) and regular black tea (bottom panel). This 

Figure was provided by the Hill Laboratories (www.hilllabs.co.nz), Ruakura Research Centre, Hamilton, New 

Zealand. 

 

http://www.hilllabs.co.nz/
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Total phenolic content (TPC) 

Phenolic compounds have drawn attention because of their significant antioxidant activities 

[5]. They have an important role in stabilizing lipid oxidation, scavenging reactive oxygen 

species and free radicals, breaking radical chain reaction and chelating metals [12]. The TPC 

values, FRAP values and DPPH-scavenging properties of the tea extracts obtained under 

different extraction conditions, as well as their respective estimated amounts in one cup 

servings are presented in Tables 1 and 2. The R-BTE showed significantly  (p < 0.05) higher 

TPC values (57.6 ± 0.3 to 82.2 ± 0.4 mg GAE/g DW) than Se-BTE (34.7 ± 0.6 to 44.1 ± 0.2 

mg GAE/g DW). The significant variation in TPC between the tested teas might be 

influenced by several factors such as different tea variety, geographical area, environmental 

conditions, as well as agricultural practices of the two teas [13].  

All teas are derived from the Camellia plant (Camellia sinensis), which has two sub-

varieties: C. sinensis var. sinensis and C. sinensis var. assamica. The sinensis variety 

originates from China, while assamica originates mainly from India [14]. Fresh tea leaves 

from the assamica variety are generally higher in polyphenols than the sinensis variety [1, 

15]. Thus, the locality effect of each tea and its variety might be another reason for the 

differences in TPC found in both black teas. Other contributing factors behind the TPC 

variations of different tea samples might be due to particle size [15], climate and region of 

production [16], genetic make-up of different tea variety [17], fermentation conditions of tea 

processing [18], as well as the plantation and harvesting season [13].  

 Our results show that TPC varies depending on the temperature of the water and infusion 

time, where TPC was found to increase with increasing extraction temperature and time, as 

previously encountered by Jayasekera et al. [13]. TPC increased significantly (p < 0.05) as 

extraction time increased from 2 to 5 min at all temperatures. However, after 10 min of 

infusion with extraction temperatures higher than 50°C, TPC decreased slightly but not 

significant. Dai and Mumper [19] explained that the use of high water temperatures for tea 

infusion increases TPC extraction, as well as reducing viscosity and surface tension. 

However, TPC extraction using high temperatures at a longer time may lead to the loss of 

unstable polyphenolic components in the tea extracts, as the result of degradation and 

oxidation of phenolics [19]. Therefore, the extraction of total phenolics, total flavonoids, 

catechins, and theaflavins from tea using water at the boiling point are relatively inefficient 

at infusion times less than 2 min [20]. This finding supports the results of previous studies 

conducted by Su et al. [21] which demonstrated a loss of phenolic contents when teas were 

extracted at 100°C for 10 min. There is further evidence that catechins, the major 

polyphenolic compounds in tea, tend to degrade when extracted in water at high 

temperatures [22] and for prolonged extraction times [23]. 

The initial extraction of TPC at 50°C for 2 to 5 min were lower than those obtained with 

higher temperatures (70 to 100°C). The TPC extracted at 50°C gradually increased after 5 to 

10 min but was not significant, and this increase was not observed at other temperatures. 

The increase in TPC extraction at 50°C for 10 min might be due to low saturation of 

phenolics in the tea extracts, which allows a maximum solubility of the compounds. In 

addition, low extraction temperature could prevent phenolic compound degradation as 

previously explained by Dai and Mumper [19]. An appropriate infusion time and 

temperature for tea brewing has been generally considered as one of the critical factors for 

polyphenols extraction from tea leaves, such as catechins and theaflavins [15].  
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Table 1.  Total phenolic content (TPC) of selenium-rich black tea (Se-BTE) and regular black tea (R-BTE), 

and their respective estimated amounts per cup serving (2g/serving). 

Tea 

 

Temperature 

(˚C) 

Time 

(min) 

TPC
a
 

(mg GAE/g DW) 

TPC estimation in one cup of tea
b
 

Se-BTE 100 2 37.2 ± 0.2 74.4  

  5 39.7 ± 0.4 79.4  

   10 38.9 ± 0.3 77.8  

 90 2 40.2 ± 0.6 80.4  

  5 44.1 ± 0.2 88.2  

   10 42.4 ± 0.5 84.8  

 70 2 35.8 ± 0.4 71.6  

  5 40.8 ± 0.6 81.6  

   10 39.4 ± 0.8 78.8  

 50 2 34.7 ± 0.6 69.4  

  5 36.4 ± 0.2 72.8  

    10 38.3 ± 0.2 76.6  

R-BTE 100 2 78.6 ± 0.3 157.2  

  5 81.8 ± 0.5 163.6  

   10 80.5 ± 0.5 161.0  

 90 2 80.0 ± 0.3 160.0  

  5 82.2 ± 0.4 164.4  

  10 81.4 ± 0.2 162.8  

 70 2 71.6 ± 0.3 143.2  

  5 75.9 ± 0.3 151.8  

   10 75.9 ± 0.3 151.8  

 50 2 57.6 ± 0.3 115.2  

  5 61.3 ± 0.3 122.6  

    10 64.5 ± 0.3 129.0  

*Values are expressed as mean ± SEM. 
a
Total phenolic content (mg gallic acid equivalent (GAE)/g dry 

weight). 
b
One serving is 200 mL of a 1% (w/v) tea infusion. 

 

Antioxidant activities (AOA) of the tea extracts 

FRAP values of the tea extracts and an estimated level in a one cup serving are shown in 

Table 2. The R-BTE showed significantly higher (P < 0.05) antioxidant power (86.8 ± 0.2 to 

139.7 ± 0.3 mg FeSO4 E/g DW) than Se-BTE (44.1 ± 0.2 to 67.0 ± 0.4 mg FeSO4 E/g DW), 

a similar pattern as that shown by the TPC values of the tea extracts. As shown in Table 3, 

DPPH-scavenging activity is expressed as an ascorbic acid equivalent to represent the 

antioxidant capacity of tea through a commonly accepted measure [24], since ascorbic acid 

is an antioxidant compound usually found in nutritional labelling on food products. The R-

BTE showed DPPH-scavenging values ranging from 129.8 ± 2.4 to 192.0 ± 4.2 mg 

VCEAC/g DW), which is significantly higher (p < 0.0001) than the Se-BTE (88.1 ± 1.2 to 

113.0 ± 1.7 mg VCEAC/g DW).    

In general, AOA was significantly increased in both teas extracted for 2 to 5 min as 

measured by FRAP and DPPH assay (P < 0.05). In line with results of the TPC, teas 

extracted for 10 min with temperatures higher than 50°C had slightly decreased AOA, but 

did not differ significantly. In contrast, AOA increased in both teas when extracted at 50˚C 

temperature for 5 to 10 min, but again this was not significant. The present study shows that 

both teas have similar and high DPPH-radical scavenger activity even after a 10-fold 

dilution of the tea, which indicates a promising potential for use as nutraceutical agents. 

Overall, using both antioxidant methods, the highest AOA was exhibited by the R-BTE 
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when extracted at 90°C for 5 min, whereas the Se-BTE extracted at 50°C for 2 min had the 

lowest AOA (P < 0.05). 

 
Table 2.  Ferric-reducing antioxidant power (FRAP) of selenium-rich black tea (Se-BTE) and regular black tea 

(R-BTE), and their respective estimated amounts per cup serving (2g/serving). 

Tea 

 

Temperature 

(˚C) 

Time 

(min) 

FRAP
a
 

(mg FeSO4E/g DW) 

FRAP estimation in one cup of tea
b
 

Se-BTE 100 2 60.2 ± 0.3  120.4  

  5 67.0 ± 0.4  134.0  

   10 63.3 ± 0.9  126.6  

 90 2 62.8 ± 0.4  125.6  

  5 66.9 ± 0.7  133.8  

   10 65.5 ± 0.7  131.0  

 70 2 55.8 ± 0.3  111.6  

  5 60.8 ± 0.6  121.6  

   10 59.9 ± 0.9  119.8  

 50 2 44.1 ± 0.2  88.2  

  5 51.1 ± 0.4  102.2  

    10 53.6 ± 0.3  107.2  

R-BTE 100 2 132.2 ± 0.3  264.4  

  5 135.0 ± 0.2  270.0  

   10 133.6 ± 0.2  267.2  

 90 2 137.1 ± 0.2  274.2  

  5 139.7 ± 0.3  279.4  

  10 139.1 ± 0.4  278.2  

 70 2 125.8 ± 0.2  251.6  

  5 128.0 ± 0.5  256.0  

   10 127.1 ± 0.8  254.2  

 50 2 86.8 ± 0.2  173.6  

  5 98.8 ± 0.6  197.6  

    10 101.9 ± 0.6  203.8  

*Values are expressed as mean ± SEM. 
a 

Ferric-reducing antioxidant power (mg FeSO4 equivalent/g dry 

weight). 
b
One serving is 200 mL of a 1% (w/v) tea infusion. 

 
Table 3.  DPPH-scavenging activity of selenium-rich black tea (Se-BTE) and regular black tea (R-BTE), and 

their respective estimated amounts per cup serving (2g/serving). 

Tea 

 

Temperature 

(˚C) 

Time 

(min) 

DPPH
a
 

(mg VCEAC/g DW) 

DPPH estimation in one 

cup of tea
b
 

Se-BTE 100 2 97.7 ± 2.8  195.4  

  5 105.8 ± 2.8  211.6  

   10 100.2 ± 2.7  200.4  

 90 2 103.5 ± 2.9  207.0  

  5 113.0 ± 1.7  226.0  

   10 111.6 ± 1.4  223.2  

 70 2 90.8 ± 1.2 181.6  

  5 105.1 ± 3.5 210.2  

   10 106.2 ± 1.4 212.4  

 50 2 88.1 ± 1.2 176.2  

  5 94.4 ± 1.6  188.8  

    10 99.1 ± 2.3  198.2  

R-BTE 100 2 179.3 ± 2.2  358.6  

  5 184.5 ± 2.6  369.0  

   10 181.3 ± 3.3  362.6  
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 90 2 186.2 ± 3.8  372.4  

  5 192.0 ± 4.2  384.0  

  10 189.1 ± 3.9  378.2  

 70 2 177.7 ± 1.6  355.4  

  5 187.0 ± 1.7  374.0  

   10 184.1 ± 2.8  368.2  

 50 2 129.8 ± 2.4  259.6  

  5 150.9 ± 3.0  301.8  

    10 155.0 ± 2.4  310.0  

*Values are expressed as mean ± SEM. 
a
Diphenyl-1-picrylhydrazyl radical scavenging activity (mg vitamin C 

equivalent antioxidant capacity/g dry weight). 
b
One serving is 200 mL of a 1% (w/v) tea infusion. 

 

Effect of extraction temperature and time on TPC of the tea extracts  

As shown in Table 4, it was confirmed that the extraction efficiency of polyphenols was 

significantly affected by the type of tea (F1,192 = 43915.00, p < 0.0001), extraction 

temperature (F3,192 = 1115.72, p < 0.0001) and extraction time (F2,192 = 168.00, p < 0.0001). 

The interaction effects of tea x temperature (F3,192 = 492.92, p < 0.0001), temperature x time 

(F6,192 = 13.47, p < 0.0001) and tea x temperature x time (F6,192 = 3.23, p = 0.0048), were 

also significant, indicating that the effect of extraction temperature on TPC strongly depends 

on the extraction time (and vice versa). The optimal extraction condition was found to be 

90°C at 5 min, as the tea extracts prepared under these conditions showed higher TPC than 

other extraction temperatures and times.  

 
Table 4.  Analysis of variance for the effect of tea variety, extraction temperature, extraction time and their 

interactions on total polyphenolic content by Folin – Ciocalteu’s phenol reagents. 

Source of variance DF
a
 Total polyphenol  

  MS
b
 F value  

Tea 1 67267.68 43915.00*** 

Temperature 3 1709.03 1115.72*** 

Time 2 257.34 168.00*** 

Tea x Temperature 3 755.04 492.92*** 

Tea x Time 2 3.89 2.54 

Temperature x Time 6 20.64 13.47*** 

Tea x Temperature x Time 6 4.94 3.23** 

Error 192 1.53  
a
 Degree of freedom; 

b
 Means squares; * p < 0.05, ** p < 0.01, ***p < 0.001 

 

Correlation between TPC and AOA of the tea extracts 

The AOA of all teas correlated well with their TPC (Table 5). A moderate to strong 

relationship was found between the TPC and AOA (FRAP and DPPH), which implies that 

TPC are the major contributors to the antioxidant activity of the tea extracts. Katalinic et al. 

[25] reported that polyphenol compounds are important ingredients that denote the 

antioxidant ability in teas. Most of antioxidant properties are well correlated with the 

corresponding polyphenolic compounds rather than ascorbic acid [26], and that the 

relationship is highly dependent on the extraction conditions used [23].  

In conclusion, R-BTE contained significantly higher TPC, and exhibited significantly higher 

ferric-reducing/antioxidant power and DPPH-scavenging activities than Se-BTE. These 

differences may be due to tea varieties, environmental conditions and agricultural practices 

from which the tea plants were grown and processed, but not necessarily on the level of 

selenium the tea contains.  
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Table 5. Correlation coefficients between total phenolic content (TPC) and antioxidant properties of water 

extract from Se-rich black tea and regular black tea. The antioxidant capacity was measured by the ferric 

reducing antioxidant power (FRAP) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) assays. 

  Correlation coefficients (R)  

Sample TPC vs FRAP  TPC vs DPPH  FRAP vs DPPH 

Se-BTE 0.7173*** 0.6984*** 0.5761*** 

R-BTE 0.9772*** 0.8705*** 0.8877*** 

              * p < 0.05, ** p < 0.01, ***p < 0.0001 
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