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In this study, the antioxidant activity values of infusions at different temperatures of the 

commercially sold rosehip tea bag. To determine the effect of different infusion temperatures on 

antioxidant activity, 7 different temperatures (0, 15, 30, 45, 60, 75, 90°C) also including cold 

infusions temperatures were selected. Infusions of the rosehip tea bags were prepared with packaged 

drinking water for 5 minutes (recommended time in tea bag packaging) at these temperatures. 

Antioxidant activity values of the infused extracts were determined by antioxidant activity 

determination methods: TPC (Total Phenolic Compound), CUPRAC (Cu (II) Ion Reducing 

Antioxidant Capacity), FRAP (Iron (III) Ion Reducing Antioxidant Power) and ABTS•+ (2.2-

azinobis- (3-ethylbenzothiazoline-6-sulphonic acid)) radical scavenging assay. According to the 

results obtained by the antioxidant determination methods, the highest and lowest activity values 

for TPC, FRAP and ABTS were measured at 90°C and 0°C, respectively, and a positive correlation 

was found between temperature and antioxidant activity values. Contrary to the activity values 

determined in these methods, in the CUPRAC method, the highest and the lowest activity value was 

measured at 45°C and 90 °C, respectively. As determined in the CUPRAC method, infusions of 

rosehip tea at low temperatures may provide an advantage in terms of the solubility of some 

phenolics that can be denatured at high temperatures. In addition, rosehip tea infusions at lower 

temperatures will contribute to lower energy costs. 
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Introduction 

The use of tea as a beverage, which is consumed by 

hundreds of millions of people in the world today, dates 

back to the time of Emperor Shen Nung until 2700 BC. 

(Weisburger, 1997). Of course, for tea, the first thing that 

comes to mind is Camellia sinensis (L.) Kuntze plant 

which has a high economic value and is cultivated in 52 

countries, mainly China and India (Meegahakumbura et 

al., 2018). The tea obtained from this plant is generally 

offered for consumption in major three forms as black tea, 

green tea and oolong tea, among of them black tea is the 

most consumed due to its unique aroma and taste all over 

the world from past to present (Łuczaj and Skrzydlewska, 

2005; Li et al., 2013). Besides the consumption of tea as a 

beverage, it has been reported that reduce the risks of 

diseases such as coronary heart failure and cancer due to 

antioxidant properties of its flavonoids content (Gardner et 

al., 2007). However, it has been pointed out that tea has 

negative effects on human health such as fluid balance, 

cognitive function, bone health, dental health and iron 

status, which are often associated with its caffeine 

ingredient. (Gardner et al., 2007; Garipağaoğlu and 

Kuyrukçu, 2009; Khorshid and Sarı, 2013). Unlike the teas 

produced from Camellia-sinensis, there are numerous 

herbs and plants that do not contain caffeine and parts of 

these plants such as leaves, seeds, roots, barks, flowers and 

fruits are consumed as tea for their therapeutic effects 

(Ravikumar, 2014; Petkova et al., 2020). Especially the 

regular consumption of these teas is very important for 

human health. Their phenolic and flavonoid contents are 

effective in treatments and of preventions some diseases 

(colds, infections, diabetes, lowering blood pressure, 

controlling cholesterol level, diuretic activity, various 

types of cancer, heart diseases, obesity) (Chandrasekara 

and Shahidi, 2018; Poswall et al., 2019). Rose hip tea is 

one of the most consumed herbal teas and has a wide 

commercial value in Europe and the United States (Choi, 

2009).  Rosehip tea is obtained from the fruits of the Rosa 

canina L. plant that have very rich vitamin C content, also 

contains carotenoids, tannins, folate, catechin and 

proanthocyanidins. These compounds are effective in high 

antioxidant, anticancer and antimutagenic activities of 

rosehip tea (Tumbas et al., 2002; Choi, 2009). It is more 
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advantageous to consume parts of some plants as hot liquid 

herbal infusions rather than consuming dried plant parts 

due to water-soluble phytochemicals such as phenols and 

flavonoids (Poswal, 2019). However, both the solubility 

and diffusion coefficient of the solute are in direct 

proportion to the temperature, but above a certain 

temperature the phenolic compounds denatured. Therefore, 

to determine the temperature at which phenolic compounds 

can dissolve without denaturing will contribute to both 

effective antioxidant activity and energy cost (Spigno et al., 

2007). Therefore, the aim of this study is to determine the 

ideal infusion temperature of a commercially available 

rosehip tea bag. Although some studies have been 

conducted on determining the antioxidant activity of 

rosehip tea infusion, these studies focused only antioxidant 

activity of hot infusion rosehip tea; for example, at 60, 75, 

90°C (Yıldırım et al., 2015), in 70, 80, 90°C (İlyasoğlu and 

Arpa, 2017) and boiling temperature of water (Petkova et 

al., 2020).  

In the present study different from these studies, 

rosehip tea infusions were carried out at 7 different 

temperatures (0-15-30-45-60-75-90°C), including cold 

infusions temperature for equal times (recommended time 

in tea bag packaging) and simultaneously the antioxidant 

activity of each extract was determined using 4 different 

antioxidant activity determination methods. Determination 

of the antioxidant activity values of cold infusions of the 

bag will contribute to the reduction of energy costs for 

heating. In addition, the color values of the infused tea bags 

in flasks at different temperatures were determined by 

Image J program. 

 

Material and Methods 

 

Preparation of Extracts 

Rosehip tea bags used in the study was one of the 

brands, which are sold commercially on the market in 

Turkey. In order to determine the change in antioxidant 

activity values depending on the change of infusion 

temperature, 7 different temperatures (0-15-30-45-60-75-

90°C) were selected. 200 mL (one water glass) packaged 

drinking water was poured into 7 different glass beakers. 

So as to reach different temperature values in infusion, for 

example, the water temperature was reduced to 15°C and 

0°C by adding ice, while 30-45-60-75-90°C was reached 

with the heater. After the water was reached the desired 

temperatures, rosehip tea bag was put into the glass 

beakers, all samples were checked with a thermometer for 

5 minutes (recommended time in tea bag packaging) for 

keeping them constant at the desired temperatures. The 

antioxidant activities of the extracts were determined 

simultaneously. 

 

Determination of Antioxidant Activity 

Total Phenolic Content (TPC) 

According to developed method by Slinkard and 

Singleton (1977), the total phenolic content of rosehip tea 

bag infusions was determined. First, 50 µL of sample 

solution was diluted with 2.5 mL of distilled water and 250 

µl of 0.2 N Folin-Ciocalteu reagent was added. Then 750 

µL of Na2CO3 (7.5%) was added to the mixture and 

vortexed. The mixtures were kept at room temperature for 

2 hours. Finally, absorbance values at 765 nm were 

determined in the spectrophotometer device. A standard 

calibration graph of gallic acid (500-250-125-62.5-31.25 

µg / mL) prepared at five concentrations was drawn and the 

amounts of phenolic compounds in the samples were 

calculated in terms of gallic acid equivalent (GAE µg / mL) 

with using the function of the line obtained from this graph.  

 

Determination of Iron (III) Reduction / Antioxidant 

Power (FRAP) 

In the FRAP method, the antioxidant standard Trolox 

was diluted in 6 different concentrations (1000-500-250-

125-62.5-31.25 μM). Firstly, 50 μL of samples and 

standard solutions were transferred in triplicate into tubes. 

In addition, the same amounts of reagent blank and sample 

blank were added to the tubes, and then 1.5 mL of FRAP 

solvent (purified water with 60% methanol) was added to 

blank tubes (Benzie and Strain 1996). Finally, 1.5 mL of 

freshly prepared FRAP reagent was added to the all tubes 

except for the sample blank and the tubes were vortexed 

and kept for 20 minutes. The results were calculated as μM 

TEAC by compare with the standard antioxidant substance 

Trolox. 

 

Copper (II) Reducing Antioxidant Activity 

(CUPRAC) 

In this method, Cu (II) chloride solution, 96% 

neocuproin solution, ammonium acetate buffer (pH = 7) 

and analysis solutions were added to the reaction tubes, 

respectively. The final solution volume was completed to 

4.1 mL. Tubes were kept at room temperature for 30 

minutes. Finally, absorbance values were measured at 450 

nm at the spectrophotometer device (Apak et al., 2004). 

As in other tests, the antioxidant capacities of the 

samples based on Trolox equivalent were calculated as μM 

TEAC with using graph obtained from the 6 different 

concentrations of the Trolox antioxidant standard. 

 

ABTS.+ Radical Scavenging Capacity 

In the method, firstly ABTS was dissolved in ethanol: 

water (5: 1) solvent mixture to prepare a 7 mM ABTS stock 

solution. The ABTS solution was then mixed with a 2.45 

mM potassium persulfate solution in ethanol: water (1: 3). 

To prepare the ABTS radical cation (ABTS.+), the mixture 

was left at room temperature for 18 hours in the dark and 

then diluted with approximately 1/40 of ethanol: water (3: 

2), its absorbance at 734 nm was adjusted to 0.07 (Re et al., 

1999). 

The infusion extracts of rosehip tea in different 

concentrations and the antioxidant standard Trolox 

solution used in comparison were pipetted in triplicate, as 

well as for reagent and sample blanks. It was left room 

temperature for 20 min. At the end of the time, the 

absorbance values of each were measured at 734 nm. 

Finally, the amount of the sample in half reducing the 

ABTS•+ concentration was calculated as mg / mL and the 

results were expressed as SC50. 

 

Color Change of Infusion Temperatures 

Images of the infusion extracts in glass beaker were 

transferred to computer for color analysis with Image J 

program (Akar and Burnaz, 2019) Determined color values 

were corelated with infusion temperatures.  

 



Akar et al. / Turkish Journal of Agriculture - Food Science and Technology, 9(8): 1455-1459, 2021 

1457 

 

  
Figure 1. Calibration curve of the gallic acid standard studied at different concentrations (a), values (GAE µg / mL) of 

total phenolic content of rose hip tea bag extracts (b). 

 

  
Figure 2. Calibration curve of the Trolox standard studied at different concentrations (a), values (as µM TEAC) of 

FRAP of rosehip tea bag extracts (b). 

 

  
Figure 3. Calibration curve of the Trolox standard studied at different concentrations (a), values (as µM TEAC) of 

CUPRAC of rosehip tea bag extracts (b). 

 

Statistical Analysis 

Pearson correlation analyses of the parameters and the 

graphs were performed using Microsoft Excel version 

2019. 

 

Results 

 

Antioxidant Activity Tests 

Total Phenolic Content 

The total phenolic content of rosehip tea bags infusion 

at different temperatures calculated as GAE (µg / mL) 

based on gallic acid antioxidant standard at different 

concentrations (Figure 1).  

As it is seen in the Figure 1 the total phenolic content 

of the infusions increased together rising temperature, 

except measured values at 30°C, 45°C. The difference 

between the total phenolic contents of both temperatures is 

negligible. While the highest total phenolic content was 

measured at 90°C with 615 GAE µg / mL, the lowest value 

was determined at 0°C as 215 GAE µg / mL. There is a 

positive correlation between infusion temperature and TPC 

values (r = 0.95; P<0.01). 

 

Determination of Iron (III) Reduction / Antioxidant 

Power (FRAP) 

As in the total phenolic content, the highest and lowest 

of antioxidant activity values in FRAP was determined at 

90°C (580 μM TEAC) and 0°C (15 μM TEAC) 

respectively and (Figure 2). In addition, the values 

measured in the FRAP method increased with the 

increasing temperature (Figure 2). There is a positive 

correlation between both parameters (r = 0.96; P<0.01). 

 

Copper (II) Reducing Antioxidant Activity 

(CUPRAC) 
In the CUPRAC test, the calibration graph of the Trolox 

standard, which was studied at 6 different concentrations, 

was drawn (Figure 3). Unlike other antioxidant activity 
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tests, the highest activity value in the CUPRAC test was 

measured at 45°C as 0.097 µM TEAC (Figure 3). 

However, the lowest activity values were measured at high 

temperatures (75°C, 90°C) as 0.013 µM TEAC in contrast 

to other tests. There is no correlation between infusion 

temperature and CUPRAC values (r = -0.14). 

 

ABTS.+ Radical Scavenging Capacity 

SC50 values for ABTS antioxidant analysis of extracts 

of rosehip tea bag infusions at 7 different temperatures 

were measured (Figure 4). The highest activity value was 

determined at 90°C for the with 1.677. As in all the others 

activity determination methods in the study, the lowest 

activity value was determined at 0°C as 7.931 (Figure 4). 

There is a negative correlation between infusion 

temperature and SC50 values (r = -0.91; P<0.01). 

 

Color Changes of Infusion Temperatures 

The images of rosehip tea bags infusions at the different 

temperatures were processed by image j program for color 

analysis (Akar and Burnaz, 2019). As the infusion 

temperature increased, the color values increased with the 

transition of more active ingredients (Figure 5). 

 

 
Figure 4. SC50 values of rosehip tea bag extracts (SC50 

value of standard Trolox 0.224). 

 

 

 

 
Figure 5. Color changes of rosehip tea bag extracts 

infusions at different temperatures with Image J program. 

Discussion 

 

Phenolic compounds found in plants show high 

antioxidant activity. Many studies have been conducted to 

determine the antioxidant activity efficiency of phenolic 

compound composition in plants (Dai and Mumper, 2010). 

Among these studies, there are investigations that 

determine the phenolic contents and antioxidant activities 

of different teas having therapeutic effects at different 

infusions temperatures (Yıldırım et al., 2015; Saklar et al., 

2015; Hajiaghaalipour et al., 2016; Sotiropoulou et al., 

2020). Although there is a study to determine the 

antioxidant properties of cold (28°C) and hot (100°C) 

infusions of white, black and green tea (Camellia sinensis) 

(Hajiaghaalipour et al., 2016), no study has been conducted 

to determine cold infusions of rosehip tea. The antioxidant 

activities of rosehip tea infusions at 7 different 

temperatures (0-15-30-45-60-75-90°C) were determined 

using 4 different activity methods. The highest antioxidant 

activity values were measured at 90°C (the highest 

temperature) for all the activity methods (TPC, FRAP and 

ABTS) except the CUPRAC test. At the same time, the 

lowest values in all the activity methods were determined 

at the 0°C. 

Temperature is one of the factors that increase the 

solubility of phenolic compounds. (Spigno et al., 2007; 

Luthria, 2008; Elboughdiri, 2018). It has been reported in 

many studies that there is a positive correlation between 

temperature and antioxidant activity of infusions of both 

rosehip tea and other teas at different temperature 

(Yıldırım, 2016; İlyasoğlu and Arpa, 2017; Chang et al., 

2020). In these studies, different antioxidant activity 

determination methods were used; TPC, Total Flavonoid 

Content and DPPH (Yıldırım et al., 2016), TPC and DPPH 

methods (Chang et al., 2020), TPC and FRAP (Ilyasoğlu 

and Arpa, 2017). In our study, TPC and FRAP methods 

were used in common with the other studies. In addition to 

these methods, CUPRAC and ABTS methods were used 

for determination antioxidant activity of the rosehip tea. In 

the CUPRAC method, the highest activity value was 

determined as 45°C, and strikingly, even the activity value 

at 0°C was found to be higher than 90°C, where the highest 

activity value was determined for other methods. Although 

there is a positive correlation between increasing 

temperature and solubility of phenolics, some phenolics 

denatured at high temperatures (Spigno et al., 2007; 

Luthria, 2008; Lou et al., 2004). Each of the antioxidant 

activity tests has different mechanisms and therefore they 

are sensitive to different phenolic substances (Karadag et 

al., 2009). The highest activity value at relatively lower 

temperatures in the CUPRAC test may be an indication that 

phenolics denatured at high temperatures. 

Obtaining the highest activity value at relatively lower 

temperatures in the CUPRAC test may indicate that 

infusion of rosehip tea at lower temperatures will provide 

an advantage in obtaining denatured phenolics at high 

temperatures. 

 

Conclusion 

 

The antioxidant activity values of rosehip tea bag 

infusions at 7 different temperatures (0-15-30-45-60-75-

90°C) were determined with antioxidant activity 
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determination methods of TPC, CUPRAC, FRAP and 

ABTS. It was determined that rosehip tea bag had the 

highest activity values 90°C for TPC, FRAP and ABTS 

methods. However, in the CUPRAC test, the highest value 

was determined for 45°C. The data indicate that the rosehip 

tea infusions at low temperatures may provide an 

advantage in terms of solubility of some phenolics that may 

denature at high temperatures. In addition, infusions of 

rosehip tea at lower temperatures will contribute to 

reducing the energy costs. 
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