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Abstract

:

Many studies have found that tea has an antioxidant, anti-inflammatory, anti-cancer, anti-obesogenic and anti-diabetic effect, mostly associated with the content of anti-oxidant compounds. Polyphenols, being the main secondary metabolites in tea, are often considered the physiological markers determining a tea’s quality. Apart from the tea production process and tea components, brewing conditions can also influence the levels of antioxidants in tea. This study aimed to verify whether the brewing time of various tea types (5, 10 and 15 min) affects the level of extraction of antioxidant compounds into infusions and their antioxidant activity. We examined 11 types of tea: green leaf tea, green tea bags, white tea bags, black tea bags, red tea bags, black leaf tea, yerba mate, raspberry tea bags, butterfly pea flower (Clitoria ternatea) tea, white lychee plum tea and hibiscus flower tea. Total polyphenol (TPC), flavonoids and anthocyanins content, as well as determination of antiradical and antioxidant capacity with DPPH radical and ABTS radical cation, were determined using spectrophotometric assays. Due to the antioxidant activity of tea infusions, the optimum brewing time for green tea (leaf and bags), black tea (leaf and bags), butterfly pea flower tea, white tea, white lychee plum tea, raspberry tea and yerba mate is 15 min. Red tea brewing time should be ten minutes, and for hibiscus flower tea it should be five minutes. The results refer to the brewing temperature recommended by tea manufacturers.
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1. Introduction


Tea, next to water, is the world’s most popular beverage [1]. It is primarily prepared from young shoots of the tea plant Camellia sinensis (L.) O. Kuntze [2]. Fresh tea leaves contain a lot of water and a mixture of compounds that impart an astringent and bitter taste. Tea acquires its characteristic taste and flavour from processing raw leaves by fermentation which transforms original chemical compounds under the influence of temperature, humidity, and enzymatic and non-enzymatic oxidation [3]. Based on the degree of fermentation, tea can be categorised into green, white, yellow, oolong, black and dark tea [3,4]. Many researchers have demonstrated that tea has an anti-oxidant, anti-inflammatory, anti-cancer, anti-obesogenic and anti-diabetic effect, mostly associated with the content of anti-oxidant compounds [5,6,7]. Phenolic compounds in tea (primarily epigallocatechin gallate EGCG, quercetin, theaflavin, thearubignin and flavonoids) show anti-oxidant activity thanks to: (1) their ability to capture reactive oxygen species (ROS); (2) ROS synthesis suppression due to inhibited activity of oxidative enzymes and chelation of trace elements; (3) increased activity of endogenous antioxidants; and (4) ability to donate electrons or hydrogen atoms, which makes it possible to neutralise singleton oxygen [8,9,10]. Green tea and white tea feature the highest antioxidant capacity due to the highest content of total polyphenols [11,12] However, the most popular consumer choice is black tea and green tea, whereas black tea accounts for 75% of the global tea market [2,13]. Tests involving laboratory animals also showed that polyphenols contained in tea reduce the rate of absorption and toxicity of toxic metals due to their capacity to chelate these metals and increase the antioxidant potential of the exposed organism [12,14,15,16]. Polyphenols, being the main secondary metabolites in tea, are often considered the physiological markers determining tea quality [2].



In addition to the manufacturing process, several factors, including the addition of fruits, spices and herbs also containing active antioxidants, have an influence on the content of antioxidants in tea [17,18,19]. The market offers beverages that do not contain tea leaves but, since they are brewed before drinking, are referred to as teas as well [20]. They contain, for instance, dried fruits, flower petals and pieces of herbs [17]. Such beverages are very popular on account of their taste and functional effects, which are also largely due to the polyphenol content [18].



Apart from the tea production process and tea components, brewing conditions can also influence the levels of anti-oxidants in tea. Some studies show that phenolic compounds are relatively thermally stable; the rate of their degradation at 60 °C, 80 °C and 100 °C is 15–30% after four hours of exposure [21]. However, black tea infusions brewed at 70 °C contained less tannins than those brewed at 90 °C [22]. By contrast, Vinci et al. [23] demonstrated that brewing time and temperature affect the polyphenols content of black and green teas. Studies described in the available literature refer to the most often consumed teas—green tea and black tea. However, there is little information on the effect of brewing time on the antioxidant content of other types of tea, including herbal tea and fruit tea. Examining the effect of brewing time on the anti-oxidant activity of tea is justified since consumers should be aware of the optimum infusion brewing time to promote the healthy effects of tea. The study aimed to verify whether the brewing time of various tea types (5, 10 and 15 min) affects the level of extraction of antioxidant compounds into infusions and their anti-oxidant activity. This study was carried out in conditions recommended by tea manufacturers (temperature and water volume).




2. Materials and Methods


2.1. Study Material


We examined 11 types of tea: green leaf tea (n = 7), green tea bags (n = 10), white tea bags (n = 10), black tea bags (n = 11), red tea bags (n = 7), black leaf tea (n = 10), yerba mate ((n = 12), raspberry tea bags (n = 7), butterfly pea flower tea (n = 7), white lychee plum tea (n = 7) and hibiscus flower tea (n = 10). The teas were purchased from groceries in Lublin (south-eastern Poland) within their shelf-life. The selection of teas was random.




2.2. Preparation of Tea Infusions


Immediately after the purchase, we prepare tea infusion with drinking water in conditions recommended by tea manufacturers (Table 1).



For all teas, the brewing time was 5, 10 and 15 min. To ensure that brewing conditions were as close as possible to those observed in households, we poured the tea into beakers with 200 mL of water at the proper temperature. Next, we covered the beakers with a Petri dish and left them at room temperature for 5, 10 or 15 min. Before taking samples, the infusion was mixed manually.




2.3. Reagents


The following chemical reagents were used for analyses: 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), 1,1-diphenyl-2-picrylhydrazyl radical (DPPH), 2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), diammonium salt (ABTS), Folin–Ciocalteu reagent (F-C) (TPC), ethanol, methanol, aluminium nitrate, potassium acetate, potassium chloride and sodium acetate. All chemical reagents p.a. were purchased from Sigma-Aldrich (Darmstadt, Germany). Double de-ionised water (DDI) was prepared in our laboratory (Milli-Q system, 18.2 MOhm) (Merck, Darmstadt, Germany).




2.4. Chemical Analyses


Total polyphenols content (TPC) was determined by a spectrophotometric assay using the Folin–Ciocalteu reagent and 20% sodium carbonate solution, as described elsewhere [24]. The calibration curve was prepared using 4 mg of gallic acid dissolved in 0.5 mL of DDI and 0.5 mL of acetonitrile and 11 dilutions in the range of 0–23.5 mmol/L. Absorbance was measured at 760 nm versus a blind sample containing DDI instead of a sample.



The flavonoid content was assayed spectrophotometically using a microplate reader, as described in detail elsewhere [24]. The total flavonoid content was expressed as quercetin equivalents using 12 standard quercetin solutions (0.25 mg of quercetin in 0.25 mL of DDI and 0.25 mL of acetonitrile) (0–3.31 mmol/L). Absorbance was measured at 415 nm versus a blind sample containing DDI instead of a sample.



The anthocyanin content was assayed in a spectrophotometer. Absorbance was measured at wavelengths of 520 nm and 700 nm. The total anthocyanin content was calculated using the molar extinction coefficient of cyanidin 3-glucoside. Assay methods were described in detail elsewhere [24].




2.5. Antioxidant Content


The total antioxidant capacity measured with ABTS has been described elsewhere [25]. Absorbance was read at 515 nm wavelength with a blind sample. The results were calculated using a calibration curve prepared from 12 dilutions of stock Trolox solution (92–920 µmol/L).



The DPPH assay was conducted as described in Jośko et al. [25]. Absorbance was measured at 734 nm wavelength with a blind sample. The results were expressed as TE using a calibration curve prepared from Trolox solutions.



All results are presented in Supplementary Materials (Table S1).




2.6. Calculations and Statistical Analysis


We conducted a statistical analysis of results (means and standard deviations) and determined statistical differences (using HSD Tukey test) with significance identified at p < 0.05 with Statistica 13.1 (StatSoft, Kraków, Poland).





3. Results


3.1. TPC


The TPC in the infusions of green tea (leaf and bags), white tea, yerba mate, raspberry tea and white lychee plum tea increased linearly (p < 0.05) with longer brewing time (Figure 1a). In the infusions of black leaf tea, black tea bags, red tea and hibiscus flower tea (p < 0.05), the TPC increased after ten minutes of brewing compared with five minutes, but the values after fifteen minutes were not significantly different from those measured after ten minutes. No statistically significant effect of butterfly pea flower tea brewing time on the TPC in the infusion was observed.




3.2. Flavonoids


The flavonoid content in green tea bags, white tea bags, black leaf tea, butterfly pea flower tea and white lychee plum tea infusions increased linearly as the brewing time was extended (Figure 1b). In the black tea bags and raspberry tea infusions, the content of flavonoids increased (p < 0.05) after 15 min of brewing. In the green leaf tea infusion, a linear decrease (p < 0.05) in the flavonoid content was observed as the brewing time was extended. In the hibiscus flower tea infusion, the flavonoid content was found to decrease (p < 0.05) after 10 and 15 min of brewing, but no statistically significant differences were observed between these parameters. No effect (p < 0.05) of the brewing time was reported on the flavonoid content of red tea and yerba mate infusions.




3.3. Anthocyanins


Anthocyanin levels decreased (p < 0.05) in green tea infusions after ten minutes of brewing compared with five minutes; brewing time extended to fifteen minutes did not contribute to further reductions in anthocyanin content (Figure 1c). A linear increase (p < 0.05) of the anthocyanin content with brewing time was found in green bags, white, red and black leaf tea infusions. Anthocyanins levels increased (p < 0.05) in black tea bags, raspberry tea and butterfly pea tea infusions after ten minutes of brewing compared with five minutes; brewing time extended to fifteen minutes did not contribute to increasing the anthocyanin content of tea infusions compared to levels reported for ten-minute brewing. In yerba mate infusion, more (p < 0.05) anthocyanins were not measured earlier than after 15 min of brewing. The hibiscus flower infusion showed a linear decrease of anthocyanin content with brewing time. No effect of brewing time on the anthocyanin content of white lychee plum tea infusion was recorded.




3.4. ABTS


The increased (p < 0.05) anti-oxidant activity against ABTS free radical cations was observed in green tea bags, red tea bags, white lychee plum tea and hibiscus flower tea infusions after 10 and 15 min of brewing, but there was no statistically significant difference between 10 and 15 min of brewing (Figure 1d). In the raspberry tea infusion, a statistically significant increase of ABTS capacity to free radicals away was noted down after 15 min of brewing compared to 5 min, but no difference (p < 0.05) was found between 10 and 15 min of brewing. For other tea types, brewing time had no significant effect on the capacity of ABTS to free radicals away in infusions.




3.5. DPPH


A linear growth (p < 0.05) of the capacity of DPPH to free radicals away with the extended brewing time was only found in green tea bags infusions (Figure 1e). In green leaf tea and black tea bag infusions, a significant increase in DPPH capacity to free radicals away was only recorded after 15 min of brewing. In the black leaf tea infusion, DPPH activity after ten minutes of brewing increased (p < 0.05) more than after five minutes of brewing; however, after fifteen minutes, the capacity of DPPH to free radicals away significantly decreased compared to the level reported after five and ten minutes of brewing. In the red tea bags infusion, the DPPH capacity to free radicals away was significantly lower after fifteen minutes of brewing compared with that after five and ten minutes, but ten minute brewing time had no significant effect on DPPH capacity to free radicals away compared to five minutes. In the white tea bags and hibiscus flower tea infusions, the capacity of DPPH to free radicals away was significantly lower after 10 and 15 min of brewing compared with that after 5 min, but no difference (p < 0.05) was identified between 10 and 15 min. No significant effect of brewing time on DPPH capacity to free radicals away was found in yerba mate, raspberry tea, butterfly pea flower tea and white lychee plum tea infusions.




3.6. The Effect of Brewing Time of Particular Types of Tea on Changes in the Anti-oxidant Content of Tea Infusions


Table 2 illustrates changes in the values of TPC, anthocyanins and flavonoids content and the capacity of ABTS and DPPH to free radicals away after ten minutes of brewing compared with five minutes, and after fifteen minutes of brewing compared with ten minutes.



It should be noted that a positive effect of extended brewing time on the anti-oxidant activity (TPC, flavonoids and anthocyanins content, and capacity of ABTS and DPPH to free radicals away) of infusions was observed for green tea bags only. The best effects were noted down after 15 min of brewing. Also, the raspberry tea infusion showed the best effects after 15 min of brewing for TPC and anthocyanins content, and capacity of ABTS to free radicals away. Only for DPPH and anthocyanins, no effect of brewing time was reported. In the white lychee plum tea infusion, the TPC and the flavonoid content were the highest after 15 min of brewing, while the total antioxidant capacity of these teas (capacity of ABTS to free radicals away) and the anthocyanins content did not change after 15 min. Therefore, it should be assumed that 15 min is the best brewing time for white lychee plum tea. Similarly, results for yerba mate and white tea bags were the best after 15 min of brewing. The best brewing time for butterfly pea flower tea is 15 min because, after such an amount of time, the flavonoid content of the infusion increased and the content of other examined antioxidants did not change with longer brewing time. After 15 min of brewing black tea bags, the flavonoid content and the capacity of DPPH to free radicals away in the infusion were the highest, whereas the content of other examined components did not change compared with the 10 min brewing time. Black leaf tea brewing time should also be 15 min, as this interval alters the flavonoid and anthocyanins levels of the infusion, although the capacity of DPPH to free radicals away simultaneously declines (by 21%) compared with the a 10 min brewing time. Green leaf tea infusion after 15 min of brewing revealed an increase in TPC and the capacity to sweep DPPH away, but also a decrease in the flavonoid content (by 113%) compared with the results after 10 min of brewing. Thus, ten minutes should be considered the optimum brewing time. For red tea, 10 min is the optimum brewing time, because 15 min brewing time did increase the anthocyanins content of the infusion, but simultaneously decreased the capacity of capturing DPPH (by 11%); TPC, flavonoids content and antioxidant activity to ABTS in the infusions did not change with longer brewing time. In the hibiscus flower tea infusion, the flavonoid content decreased after ten minutes of brewing as many as three times, and the anthocyanins level declined by 33% compared with tea brewed for five minutes. Therefore, five minutes should be considered the optimum brewing time for hibiscus flower tea. The more that after ten minutes of brewing, other analysed parameters did not increase by more than 10% compared with those recorded after five minutes.





4. Discussion


Infusion preparation conditions determine the health-promoting values of tea as they affect the content of active ingredients. Tea brewing time has a decisive influence on the TPC of the infusion [23]. The presented results of our research have shown that extending the brewing time from 5 to 10 or 15 min increased the TPC of infusions from green, white, yerba mate, raspberry and white lychee plum tea infusions. Over 50% of polyphenols infuse into the brew within the first five minutes of brewing [23,26]. Theoretically, health benefits associated with drinking tea stem from polyphenols present in the infusion, so longer tea brewing time is beneficial to consumers. However, the content of polyphenols, and in particular tannins, affects the taste of tea infusions, and, if excessive, can make tea too astringent [27,28]. Therefore, the maximum recommended infusion time for commercial teas is five minutes. Studies by Zargar et al. [29] demonstrated that TPC in non-fermented, semi-fermented and fermented tea infusions increased to 15 min of brewing, but afterwards decreased. The increase of TPC within 15 min can be attributed to the release of polyphenols into hot water, but following this interval TPC may decrease because polyphenols are destroyed due to prolonged thermal processing or because phenolic compounds in tea have different solubility [30]. McAlpine and Ward [31] found that TPC in tea infusions increased with longer brewing time. Simultaneously, these authors observed that most polyphenols present in infusions after ten minutes of brewing were extracted during the initial five minutes, irrespective of tea type (black, green, white, yellow, oolong or Pu-erh). Shannon et al. [11] did not find any significant increase in the polyphenols content of infusions after five and ten minutes of brewing for black, green, white, chamomile and mixed berry/hibiscus teas. In contrast, Kowalska et al. [27] observed the highest TPC in green tea infusions brewed for ten minutes at 100 °C. Similarly, according to Pal et al. [32], ten minutes of brewing time is necessary to achieve the maximum polyphenols content and antioxidant activity of the infusion.



Flavonoids leach into the tea infusion also largely depends on tea brewing time but also the content and structure of flavonoids in the plant raw material [30], as demonstrated by our own research. For instance, myricetin levels are higher in green tea than in black tea. Its content likely decreases with an increase in fermentation, but also with longer brewing time [30]. Zargar et al. [29] recorded the maximum flavonoid content of non-fermented, semi-fermented and fermented tea infusions after 15 min of brewing. The increase and decrease in the flavonoid content of infusions after 10 and/or 15 min of brewing can be both due to their different release rates and different solubility. Excessive flavonoids content of the infusion can adversely affect taste, as some flavonoids (e.g., naringin and neohesperidin) are very bitter, while others (e.g., hesperidin) have no distinct taste [18]. The taste of flavonoids depends on the glycosidic chain structure.



Anthocyanins are natural dyes categorised as flavonoids responsible for the blue, purple or red colour of fruits and flowers [33]. These compounds have low stability due to their sensitivity to many environmental factors [34]. Brewing time, but also water temperature, determines the content of anthocyanins in tea infusions, as demonstrated by Yildirim et al. [35]. Their study revealed a linear increase in the anthocyanins content of fruit teas (blackberry, rose hip and bilberry) when the brewing time was extended to 12 min. We found that, generally, after ten minutes of brewing, the level of anthocyanins in tea infusions increased insignificantly or remained unchanged. It could be an effect of anthocyanins degradation under the influence of high temperature and oxidation processes, which could also explain why the anthocyanins content decreased in green leaf tea and hibiscus flower tea infusions in our study. When the temperature increases, the anthocyanin structure shifts towards the colourless methanol pseudo-base and chalcone forms [36]. If the temperature is reduced to room temperature (or lower), the methanol pseudo-base form can be converted back into red cationic form (the desirable colour of anthocyanin foods), but the chalcone form is difficult to convert into the cationic ones, so this type of heat degradation of anthocyanins is irreversible [4]. Elevated temperatures can also cause monomeric anthocyanins to polymerise, resulting in products browning [37]. The structure of anthocyanins changes due to temperature rise as sugar particles attached to anthocyanins are released and converted into aglycone (anthocyanidin) [38]. The release of sugar is followed by the separation of A, B and C rings, which induces the formation of two new compounds: phloroglucinol aldehyde and 4-Hydroxybenzoic acid, which, in turn, contributes to colour change [38]. In our study, the anthocyanins content of hibiscus flower infusion decreased by 33% after 10 minof brewing, and by 50% after 15 min. Hibiscus contains mostly anthocyanins such as delphinidin-3-sambubioside, cyanidin-3-sambubioside, cyanidin-3-glucoside and delphinidin-3-glucoside [34]. Studies showed that the rate at which delphinidin-3-sambubioside degrades is higher than that of cyanidin-3-sambubioside, and depends on temperature rise [37]. The degradation of these anthocyanins produces gallic acid and protocatechuic acid, which is accompanied by colour change. Abdel-Aal et al. [39] indicates that some anthocyanin compounds are also lost and/or oxidised in processes associated with tea manufacturing.



Studies by McAlpine and Ward [31] demonstrated that the capacity of inhibiting DPPH was not determined by brewing time (five and ten minutes) for black, green, white, yellow, oolong and Pu-erh teas. Vinci et al. [23] observed the highest activity of DPPH in black tea and green tea after three minutes of brewing. The study by Kowalska et al. [27] showed that oolong tea brewed for five minutes at 100 °C revealed the highest anti-oxidant activity to DPPH. However, Zargar et al. [29] demonstrated that teas brewed for over 15 min contain less DPPH and ABTS. Similarly, Aboagye et al. [40] noted the highest anti-oxidant activity to DPPH and ABTS free radicals after 5 min of brewing green tea and black tea, and the lowest after 30 min of brewing. Braud et al. [41] found that a five minute brewing time was sufficient to obtain tea infusions (green + oolong + Pu-erh) with the highest antioxidant activity, reduced for longer brewing times. We discovered that, for most infusions, brewing time extended to 15 min reduced the capacity of DPPH to free radicals away in infusions, whereas antioxidant activity to ABTS did not depend on brewing time. Although both indicators describe the free radical capturing capacity, the results are not identical. This is due to the fact that DPPH is a stable nitrogen-centred radical that bears no similarity to the highly reactive superoxide radicals involved in lipid peroxidation, while ABTS reacts with hydrophilic and lipophilic compounds [23]. Polyphenols strongly tend to polymerise, but when the degree of polymerisation exceeds the critical value, the availability of hydroxyl groups in reactions with radicals decreases, which reduces the antioxidant activity of tea infusions [42]. Therefore, the significant decline in antioxidant activity to DPPH with time and at higher temperatures can be associated with the loss of polyphenolic components in infusions. It is also possible that the structure and solubility of phenolic compounds in water, leaf or flower size, and the porosity of tea bags, do have an effect [23]. As demonstrated, next to tea variety, growing environment and manufacturing conditions, tea brewing time and its form (loose or bags) are important determinants of the antioxidant activity of polyphenols in black tea infusions [43]. The above study showed that about ten minutes of brewing leaf tea and two minutes of brewing tea bags were sufficient for extracting approximately half of water-soluble phenolic compounds.




5. Conclusions


Due to the antioxidant activity of tea infusions, the optimum brewing time for green tea (leaf and bags), black tea (bags), butterfly pea flower tea, white tea, white lychee plum tea, raspberry tea and yerba mate is 15 min. Black tea (leaf) is best brewing for 15 min, although capacity of DPPH to free radicals away was highest after 10 min. Red tea brewing time should be ten minutes, and for hibiscus flower tea it should be five minutes. The results refer to the brewing temperature recommended by tea manufacturers. For full results, future studies should also take into account various tea brewing temperatures to allow consumers to enjoy the optimum benefits of drinking tea.
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Figure 1. Total polyphenols (TPC), flavonoids, anthocyanins content, antioxidant properties measured with ABTS and DPPH in tea infusions; a, b, c—values with different superscripts differ at p < 0.05 using Duncan’s test. 
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Table 1. Characteristics of the teas and steeping temperature.






Table 1. Characteristics of the teas and steeping temperature.





	Tea
	Number of Teas
	Characteristic
	Serving Size per 200 mL of Water
	Steeping Temperature





	Green tea
	n = 7
	Leafy
	2 g
	75 °C



	Green tea bags
	n = 10
	Bags
	1 bag—2 g
	100 °C



	White tea bags
	n = 10
	Bags
	1 bag—2 g
	100 °C



	Black tea bags
	n = 11
	Bags
	1 bag—2 g
	100 °C



	Red tea bags
	n = 7
	Bags
	1 bag—2 g
	95 °C



	Black tea
	n = 10
	Leafy
	2 g
	95 °C



	Yerba mate
	n = 12
	Leafy
	2 g
	70 °C



	Raspberry tea bags
	n = 7
	Bags
	1 bag—2 g
	70 °C



	Blue butterfly pea flowers (Clitoria)
	n = 7
	Flowers
	2 g
	100 °C



	White lichee plum
	n = 7
	Leafy
	1 ball—5 g
	85 °C



	Hibiscus
	n = 10
	Flowers
	2 g
	100 °C










 





Table 2. Change in TPC, flavonoids and anthocyanins content, and ABTS and DPPH capacity to free radicals away after 10 and 15 min of brewing compared to 5 and 10 min of brewing, %.
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Tea

	
ΔTPC

	
ΔFlavonoids

	
ΔAnthocyanins

	
ΔABTS

	
ΔDPPH




	
10 min *

	
15 min **

	
10 min *

	
15 min **

	
10 min *

	
15 min **

	
10 min *

	
15 min **

	
10 min *

	
15 min **





