Total phenolics, anthocyanins, antioxidant and pro-oxidant activity of some red fruits teas
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Abstract
Fruits represent one of the main dietary source of bioactive compounds that’s why many functional foods of fruit origin, including fruit teas, have entered to the markets, resulting in an increased interest regarding their quality control and investigation of their nutritional parameters.

For these reasons, the aim of our study was to evaluate 12 commercially available red fruit teas regarding their total phenolic content (TPC), total anthocyanins content (TAC), antioxidant activity (AA) and the scavenging capacity (IC50), the pro-oxidant activity (Pro-ox), as well as their ratio (Pro-Antidex). The TPC was between 12.531 and 29.326 mg gallic acid equivalents (GAE)/g tea, the TAC varied between 2.624 and 5.572 mg cyanidin-3-glucoside (Cy-3-glu)/g tea and AA was in the range of 10.871 - 19.060 mg ascorbic acid equivalents (AAE)/g tea. The Pro-ox activity varied between 3.909 and 10.004 mg/mL tea extract and Pro-Antidex was between 3.284 and 7.347.
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1. Introduction
 Phenolic compounds from fruits contribute to their quality, nutritional value, color, taste, aroma and flavor. They are also known to provide the beneficial health effects of many fruits, especially due to their high antioxidant activity. 
Except fruits and vegetables, plant derived products, such as fruits juices, teas and wines, are an important source of polyphenols and anthocyanins in the human diet are beverages but and sustained efforts are made getting to find new sources of natural antioxidants.1, 2 The consumption of functional foods with important health-beneficial effects, related to their phytochemical composition, has lately gained continuous growing importance.

Fruit tea infusions, widely consumed due to their positive health effects, their fruity flavor and their caffeine lower content, support the human diet with some important sources of antioxidants like phenolic compounds, vitamins (C and E), carotenoids.3
Polyphenols are phytochemicals usually found in teas, fruits, vegetables, wines, etc, possessing anti-tumor, anti-ulcer and anti-inflammatory properties.4, 5 An important group of naturally occurring phenolic compounds is anthocyanins, which play an important role in the color of many fruits, vegetables and related products and have important biological activity.6 Some of the beneficial effects of anthocyanins on the human health are due to their antioxidant activity that is greater than that of vitamins C and E.7
Phenolic compounds, including anthocyanins, can become pro-oxidants in the presence of transition metal ions (i.e. Cu2+) leading to DNA damage by oxidative breakage. The pro-oxidant (Pro-ox) effect is due to the reducing power on iron ions. A predominant reducing power on iron ions over the free radical scavenging activity in a mixture of compounds results in the pro-oxidant effect.8 The ratio of pro-oxidant/antioxidant activity (IC50), named Pro-Antidex, enabled to evaluate the net antioxidant capacity of the extracts. This index will include the effective free radical scavenging ability and pro-oxidant effect of the extracts.9
Therefore, the objectives of this paper were to evaluate various red fruits teas regarding the total phenolic content, the amount of anthocyanins, the antioxidant and pro-oxidant activity and the Pro-Antidex parameter. There is still a lack of information regarding the fruits teas analysis, only few paper dealing with such study.10 - 12
2. Experimental
2.1. Chemicals
All solvents were of analytically grade and were purchased from Chimopar (Bucharest, Romania). Folin Ciocalteu’s reagent, gallic acid, 2,2-azinobis(3-ethylbenzothiazolne-6-sulfonic acid) diammonium salt (ABTS), ascorbic acid, were purchased from Merck (Darmstadt, Germany). 
2.2. Tea samples
The set of teas of different flavors was purchased from a local supermarket. The teas containing various amounts of fruits and calyces of Hibiscus sabdariffa (L.) were chosen as they are frequently consumed and widely appreciated (Table 1).

Table 1. The fruit composition of investigated teas.
	No
	Type of fruit teaa
	Contained fruitsb
	Producer

	1
	Raspberry 
	Raspberry, hibiscus, blackcurrant, blueberry
	A

	2
	Raspberry
	Raspberry, blackcurrant, hibiscus
	B

	3
	Blueberry 
	Blueberry, hibiscus, blackcurrant
	A

	4
	Blueberry 
	Blueberry, blackcurrant, strawberry, hibiscus
	B

	5
	Rosehip 
	Rosehip, hibiscus, blackcurrant
	A

	6
	Rosehip 
	Rosehip, blackcurrant, hibiscus
	B

	7
	Strawberry 
	Strawberry, blackcurrant, hibiscus
	B

	8
	Strawberry and wild strawberry
	Hibiscus, rose hip, strawberry, raspberry, cherry, wild strawberry
	C

	9
	Wild berry 
	Blueberry, blackcurrant, blackberry, hibiscus
	A

	10
	Wild berry 
	Blackberry, raspberry, wild strawberry, blueberry, rose hip, hibiscus
	A

	11
	Wild berry 
	Blackberry, blackcurrant, raspberry, strawberry, hibiscus
	B

	12
	Wild berry 
	Hibiscus, rose hip, raspberry, blueberry, blackberry, strawberry, cherry
	C


a All teas are packed, except tea no 10 that is a mixture of dry fruit pieces
b The fruits are listed in decreasing order of their amount, as labeled by producer

Aqueous extracts of tea were prepared by infusing 1g of each tea in 100mL distilled water heated at 95°C, for 5-10 minutes, according to the instructions provided on the packaging. The extracts were filtered, cooled at room temperature and directly analyzed without any other treatments to determine the total anthocyanins content, total phenol content, antioxidant activity and pro-oxidant activity.

2.3. Spectrophotometric measurements
All spectrophotometric measurements were made using a double-beam spectrophotometer T80+ (PG Instruments). The determinations were carried out for three independently prepared samples of each type of tea (infusion), at room temperature (~22°C).

2.3.1. Total phenolic content (TPC)
Total phenolic content was determined according to Folin-Ciocalteu method.13 0.3mL properly diluted tea extract were mixed with 1.5mL Folin–Ciocalteu reagent (0.2 N) and 1.2mL of Na2CO3 solution (0.7M) were added after 5 min. The samples were incubated at room temperature in the dark for 2 h, and their absorbency was read at 760 nm against a blank sample as reference. The results were expressed as mg of gallic acid equivalents (GAE)/g tea using a calibration curve of the standard (0-100g/mL).
2.3.2.  Total anthocyanins content (TAC)
The pH-differential method14 was used to determine the total anthocyanins content, using two buffer systems. Aliquots of fruits tea infusions (1mL) were diluted with 3 mL of corresponding buffer (potassium chloride buffer 0.025 M - pH = 1 and sodium acetate buffer 0.04 M - pH = 4.5). After 15 minutes, the absorbency of each equilibrated solution was measured at 512 (λVIS max) and at 700 nm (for haze correction).
From the experimental data, the TAC was calculated as equivalents of cyanidin-3-glucoside (Cy-3-glu)/g tea, using the following equation:



TAC = (A·MW·DF·1000)/(ε·l)





(1)
where: TAC = total anthocyanins content; M = molecular weight (449.2 g/mol); DF = dilution factor (4); l = path lenght (1 cm); ε = molar extinction coefficient (26900 l/mol/cm); 1000 = conversion factor from gram to milligram and A = absorbency, calculated by following equation:



A = (ApH 1.0 – ApH 4.5) 512 nm – (ApH 1.0 – ApH 4.5) 700 nm



(2)
2.3.3. Antioxidant activity (AA)
The antioxidant activity was determined by the ABTS assay according to the modified method of Re et al.15 The ABTS+ radical-cation was generated by mixing of ABTS solution (2mM) and K2S2O8  solution (2.45 mM) in volumetric ratio of 1:1. The solution was kept in dark for 24 h and then was diluted so that the absorbance was around 0.800. 0.5mL of the tea extract were mixed with 3mL ABTS+ solution. After 15 minutes the absorbency was read at 734 nm. The antioxidant activity was expressed as mg ascorbic acid equivalents (AAE)/g tea using the calibration curve of the standard (25-150µg/mL).

Scavenging activity of teas was expressed as IC50, which represents the concentration of the extract (mg/mL) required to inhibit 50% of the free radical scavenging activity. The IC50 values were calculated by linear regression of plots where x-axis represented the various concentrations (0.36 mg/mL – 5 mg/mL) of test tea extracts while the y-axis represented the average percentage of free radical scavenging activities from three replicates.16
2.3.4. Pro-oxidant activity (Pro-ox)
Pro-oxidant activities were determined by the following method:16 equal volumes (2mL) of the tea solution of different concentrations and 1% potassium ferricyanate were mixed and were incubated at 500C for 20 min. After that, 2mL of trichloroacetic acid (10%) was added and the mixture was centrifuged for 10 min at 3000 rpm. The upper layer of solution (2 mL) was mixed with 2mL of distilled water and 0.5mL of 0.1% FeCl3. The absorbency of obtained solution was measured at 700nm using distilled water as blank. The pro-oxidant activities were calculated from linear regression obtained by plotting the absorbency of the tea solutions against their concentrations and were expressed as concentration (mg/mL) for absorbency set to the arbitrary value 1.000.

The net antioxidant potential expressed as the Pro-Antidex index was calculated for each tea as the ratio of their pro-oxidant activity (mg/mL) to the IC50 value (mg/mL).


Pro-Antidex = Pro-ox/IC50





(3)
2.4. Statistical analysis
The data reported are presented as mean ± standard deviations from at least three independent experiments. The results were processed using one-way variance analysis (ANOVA) using StatistiXL Differences were considered statistically significant in the case of p < 0.05  for  probability P ≥ 95%. In order to classify the teas based on the obtained experimental data the principal component analysis (PCA) was performed. 
3. Results and Discussions
Teas (green, white, oolong and black) are one of the most extensively studied food products, in terms of their antioxidant activity and total phenolic content,17-19 along with cocoa, fruit juices20, 21 and wines. The antioxidant capacity, pro-oxidant and polyphenolic content of fruit tea infusions were less investigated although these are widely consumed products and provide a dietary source of biologically active compounds. Considering these facts, the aim of our study was to evaluate 12 commercially available fruit teas on the basis of the total phenolic and anthocyanins contents, the antioxidant capacity, as well as the pro-oxidant activity. The teas were organized in three series, according to the producer (Table 1) and the experimental values were presented in Table 2.
Table 2. The total phenolic content (TPC - mg GAE/g fruit tea), total anthocyanins content (TAC - mg Cy-3-gly/g fruit tea), antioxidant activity (AA- mg AAE/g fruit tea), IC50 (mg/mL), pro-oxidant activity (mg/mL) and Pro-Antidex for analyzed teas.
	No
	TPC
	TAC
	AA
	IC50
	Pro-ox
	Pro-Antidex

	1
	15.844±0.154
	4.486±0.202
	12.948±1.619
	1.209±0.010
	6.115±0.035
	5.058±0.013

	2
	12.531±0.154
	3.646±0.092
	15.194±2.503
	2.184±0.072
	9.787±0.078
	4.481±0.011

	3
	23.229±0.419
	5.572±0.365
	18.268±0.165
	0.990±0.007
	5.341±0.042
	5.395±0.004

	4
	13.892±0.199
	4.394±0.206
	12.961±1.621
	1.305±0.018
	9.588±0.060
	7.347±0.054

	5
	18.605±0.221
	5.264±0.013
	15.408±0.332
	0.929±0.002
	6.082±0.029
	6.547±0.017

	6
	28.179±0.399
	2.844±0.116
	10.960±0.295
	1.403±0.015
	8.015±0.052
	5.713±0.024

	7
	15.537±0.066
	4.58±0.463
	13.134±1.957
	1.791±0.022
	8.689±0.057
	4.851±0.027

	8
	29.326±0.198
	4.161±0.089
	19.022±0.220
	0.862±0.044
	3.909±0.028
	4.535±0.019

	9
	18.222±0.110
	5.138±0.076
	13.416±0.295
	1.126±0.006
	5.886±0.049
	5.227±0.016

	10
	16.358±0.463
	2.624±0.335
	11.243±0.036
	1.302±0.029
	5.658±0.037
	4.346±0.037

	11
	13.275±0.166
	3.607±0.206
	10.871±2.508
	3.058±0.011
	10.004±0.045
	3.284±0.010

	12
	14.127±0.132
	4.039±0.332
	19.060±1.955
	0.879±0.032
	4.029±0.188
	4.584±0.045


3.1. Total phenolic content (TPC)

The method applied for the evaluation of the total phenol content (TPC) of studied tea infusions is based on their reduction properties. Conventional Folin-Ciocalteu method reports different responses to different phenolic compounds, depending on chemical structures, being used for the measurement of total reducing capacity of samples.

The TPC determined by Folin-Ciocalteu method, for three series (from three different producers) of fruit tea infusions is reported in Table 2. In the first series (teas made by producer A), the highest TPC was found for the blueberry tea (23.229±0.419 mg GAE/g fruit tea), the lowest value being exhibited by the raspberry tea (15.844±0.154 mg GAE/g fruit tea). There is a 1.4-fold difference between the lowest and the highest TPC values of the investigated teas in this series. Regarding the second series (teas made by producer B), the TPC was found to be higher in rose hip infusion (28.179±0.399 mg GAE/g fruit tea) while the lowest value was obtained for the raspberry tea (12.531±0.154 mg GAE/g fruit tea). In this series, there is a 2.2-fold difference between the highest and the lowest TPC values of the teas. The highest TPC value of all investigated teas was found for the strawberry tea from the third series (teas made by producer C), probably due to its high content of rose hip fruit.
The results obtained by Folin-Ciocalteu method varied widely in the studied teas (obtained from different fruits) as well as from one producer to the other (for the same type of tea). This fact can be explained by the different composition of the investigated teas as well as by the difference in the infusion times which vary from producer to producer and one might be too short for a sufficient extraction of water-soluble polyphenols.

The determined TPC values ranged from 12.531 to 29.326 mg GAE/g fruit tea (126.07 to 295.02 mg GAE/L infusion), in accordance to previously reported literature data,3 which mentioned TPC values between 323.4 - 1549.1 mg GAE/L infusion, for a twice concentrate infusion (2 g tea / 100 ml water) prepared from similar fruit teas. As expected, these values are much lower as the TPC of fruit juices - blueberry 179.5; strawberry 1302; blackcurrant 1919 mg GAE/L,22 due to the fact that fruit tea manufacturing involves processing procedures (such as drying, grinding) that may determine the degradation of the phenolic compounds. 
3.2. Total  anthocyanins content (TAC)

Apart of other polyphenols, all investigated teas contain also anthocyanins, which play an important role in the color of these teas, being also responsible for their biological activities, such as antioxidant, antimutagenic, anticancer and anti-obesity properties.23, 24
The TAC of the fruit tea infusions was investigated using the pH differential method. The results obtained from the spectrophotometric determinations are reported in Table 2. The anthocyanins levels were similar in all fruit infusions from producer A (in the range of 4.486 - 5.572 mg Cy-3-glu/g fruit tea), except for wild berry tea no 10 which had the lowest value for the TAC (2.624±0.335 mg Cy-3-glu/g fruit tea). Furthermore, by analyzing the TAC and the TPC data, a statistically significant correlation was found between these results (r=0.9068 and p=0.093). For series B, except the rose hip tea no 6 (2.844±0.116 mg Cy-3-glu/g fruit tea), similar TAC values were found for the investigated fruit infusions (in the range of 3.607 - 4.58 mg Cy-3-glu/g fruit tea). As in the previous case, the TAC values followed the same trend as the TPC values, being statistically correlated (r=0.8775 and p=0.12). The determined TAC values for the fruit tea infusions of producer C are almost the same (~ 4 mg Cy-3-glu/g fruit tea). 


The lowest anthocyanins content was found for the rose-hip fruit tea no 6 (producer B), being 1.85 fold lower as the TAC determined for the rose-hip fruit tea no 5 (producer A). By comparing these values, it is important to take into account the fruit content of analyzed teas. This result may be due to the fact that tea no 6 contains a higher quantity of rose-hip fruits, opposite to the tested tea no 5, that contains higher amounts of blackcurrant (berries that possess a TAC higher than rose-hip fruits). This difference may also explain the lower than expected TPC value determined for tea no 5.

To the best of our knowledge, there are no published data characterizing the anthocyanins from infusions prepared from bagged fruit teas, so, we could compare our results only with those obtained by other authors on the corresponding fruits or fruit juices. It was reported that blueberry and strawberry juices contain 424.1 to 518.2 mg Cy-3-glu/L,25 and 55.7 mg Cy-3-glu/L,26 respectively. Also, blackberry and cherry fruits contain 198.25 mg·100g–1 fresh matter, and 44.19 mg·100 g–1 fresh matter.27 As expected, the anthocyanins content of the investigated teas (in the range 26.4 – 56.06 mg Cy-3-glu/L infusion) was much lower.
3.3. Antioxidant activity (AA)
Antioxidant activities of 12 fruit tea infusions were determined using the ABTS assay. The ABTS assay is based on the ability of antioxidants to perform as free radical scavengers.28 Significant differences were observed among various tea infusions. The highest ABTS radical cation scavenging activity was exhibited by the blueberry tea in series A (18.268±0.165 mg AAE/g fruit tea) and by the raspberry tea (15.194±2.503 mg AAE/g fruit tea) from producer B, respectively. The lowest antioxidant activity values were found for the wild berry tea no 10 in series A (11.243±0.036 mg AAE/g fruit tea) and for the wild berry tea no 11 (10.871±2.508 mg AAE/g fruit tea) in series B.  There is a 1.4-fold difference between the lowest and the highest antioxidant activity values of the investigated teas in series A, the same as for the TPC values. A statistically significant relationship between TPC and AA was observed (r=0.9529 and p=0.046), indicating that the concentration of phenolic compound may be a good indicator of the antioxidant activity of the investigated fruit tea infusions. Surprisingly, on the series B, no correlation between TPC and AA was observed. The determined antioxidant activity for the fruit tea infusions from series C is almost the same (~ 19 mg AAE/g fruit tea), and was the highest of the all investigated teas. 

The literature data on the antioxidant capacity of fruit tea infusions are poor and the reported results were obtained using different methods: DPPH radical method, cupric ion reducing antioxidant capacity (CUPRAC),19 ferric reducing anti-oxidant power assay (FRAP),3 electrochemical determination29 or EPR spectroscopy.10 There is no data reported for the evaluation of the antioxidant properties of fruit tea infusions using the ABTS assay, expressed as ascorbic acid equivalents.  As expected, the studied tea infusions exhibit a significantly lower antioxidant capacity (in the range of 10.9 – 15.4 mg AAE/100 mL infusion) compared to conventional teas of Camelia Sinensis (L.) (green, black and oolong): 106 mg AAE/100 mL for black tea, 131 mg AAE/100 mL for green tea and 83 mg AAE/100 mL for oolong tea,30 determined for a twice concentrate infusion (2 g tea/100 mL water) as we investigated.
3.4. Pro-oxidant activity
The method applied for the evaluation of pro-oxidant activity of studied tea infusions is based on their reducing power of iron ion in a Fenton reaction.9 The pro-oxidant activities calculated at an absorbency set at an arbitrary value of 1.000 are reported in Table 2. Significant differences were observed among the pro-oxidant activities of the investigated fruit teas. The highest pro-oxidant activity was exhibited by the raspberry tea in series A (6.115±0.035 mg/mL) and by the wild berry tea (10.004±0.045 mg/mL), in series B. The lowest pro-oxidant activities were found for both teas from series 3, 3.909±0.028 mg/mL for the strawberry and wild strawberry tea, and 4.029±0.118 mg/mL for wild berry tea, respectively. The experimental results also indicate that the pro-ox activity of each type of tea from the producer B was higher than those of the corresponding tea from the producer A, differences being between 1.3-fold (rose-hip teas) and 1.8-fold (blueberry teas). Moreover, it could be observed that the pro-ox activity of teas from the producer B are higher than those from the producer 3 by more than 2.2-fold.

Considering the scavenging activity of teas expressed as IC50, the Pro-Antidex values were calculated. This index offer a useful information on the real antioxidant capacity of fruit tea extracts. A lower value of Pro-Antidex indicates that the sample posses a lower pro-oxidant activity.9 Therefore, it would be expected that the tea will be more efficient in neutralizing free radicals. 

The results indicate that the wild berry tea infusion (tea no 10) has the lower Pro-Antidex value (4.346±0.037) from the series A of teas. From the series B of teas, sample no 11 (wild berry tea) posses the lower Pro-Antidex value (3.284±0.010). Considering all samples, the results show that the blueberry tea from the producer B has the higher Pro-Antidex value (7.347±0.054). Comparing the Pro-Antidex values of teas from the producer C, it could be observed that the strawberry and wild strawberry tea has a lower index value (4.535±0.019).

The correlation between pro-oxidant activity and antioxidant activity (Figure 1) was acceptable (AA versus Pro-ox – r=0.6374 and IC50 versus Pro-ox – r=0.8023), but it would be better to take into account both free radical scavenging activity and pro-oxidant activity for the evaluation of the real of fruit teas.
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Figure 1. The correlation between Pro-oxidant activity and antioxidant activity (A), respectively IC50 (B).
The classification can be done by principal component analysis, which combined the experimental results into a data matrix highlighting the similarities and differences of teas. On the  PC1–PC2 scores plot (Figure 2) four clusters are observed being related to the producers of teas. 
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Figure 2. PC1–PC2 scores plot obtained using the obtained experimental results.

Thus, the cluster containing the teas no 1, 3, 5 and 9 represents producer A,  the cluster including the teas no 2, 4, 6 and 7 correspond to producer B, while the teas no 8 and 12 made by producer C are grouped into other cluster. Tea no 10 (producer A) and tea no 11 (producer B) are excepted from this classification being grouped in a separate cluster. This behavior may be due to the fact that these teas are mixture of pieces of fruits, while the others are bagged teas.

4. Conclusions
This paper contains key information on the total phenolic content, anthocyanins content, antioxidant activities and pro-oxidant properties of different kind of commercially available fruit teas, less studied until now. This is the first report of the anthocyanins content of fruit tea infusions and of their pro-oxidant activity. The investigated teas from different producers exhibited different TPC, TAC, AA, Pro-ox and Pro-Antidex values which varied widely with their composition. The statistical analysis confirm the teas differ significantly depending on the producer.

The total anthocyanins content of studied teas decreases in the order: blueberry > wild berry > raspberry > strawberry. Except the rose-hip fruit tea infusion that exhibited the highest phenolic content, the TPC of the investigated infusions decreases in the same order as the TAC. The antioxidant capacity follows the same trend as TPC and TAC.


The determination only of the antioxidant activity or of pro-oxidant activity of fruit teas is not enough in the evaluation of the net free radical scavenging ability of samples. Therefore, in this purpose, the Pro-Antidex values should be taken into account.

Fruit teas would also support the human diet with some source of antioxidants, even if the level of these biologically active compounds is lower as in black, green or white tea.
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