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Antioxidant Properties of Organic  
and Non-organic Tea Brews

Abstract 
The objective was to determine the antioxidant properties of brews obtained 
from different types of organic and non-organic tea. Twelve different varieties 
of commercial tea from organic and non-organic source (four each from black, 
green and flavoured green tea) were procured. Methanolic and aqueous extracts 
(obtained from brewing tea in hot water for different time periods) of tea were 
analyzed for antioxidant components and activities. A wide variation was seen in 
antioxidant components among tea varieties with higher levels in green tea. The 
total phenols content was highest followed by flavonoids and condensed tannins. 
Free radical scavenging activity and ferric reducing antioxidant power revealed 
high antioxidant activity in tea brews, while metal chelating activity was lesser 
with significant differences between type of tea and between organic and non-
organic samples. All tea samples had high antioxidant potential, though a specific 
trend between organic and non-organic could not be observed. 
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Introduction
Consumption of tea is generally considered a social and a habitual 
concept by most consumers, though awareness regarding health 
benefits of tea in on the rise. The present day consumers are 
also conscious about the origin of food and prefer organically 
grown foods. This has served as a boom for newer products to 
enter the market such as organic tea and green tea comprising 
more of natural flavor, fruits and herbal infusions. In addition, 
consumers opt for ‘green buying behavior’ through the purchase 
of organic foods grown and packed in environmental friendly 
conditions [1]. Among the organic foods, organic tea is one of 
the major products that is being produced and marketed in India. 
Annually India produces about 6.5 million kg of organic tea, out 
of which 25% is utilized for domestic consumption. Organic foods 
are comparatively costlier due to the high logistic cost involved 
and low volume operation [2]. Organic foods are associated with 
health promoting property which has been identified as the 
major motivational factor for their purchase [3,4].

It is generally perceived that organic foods are free from harmful 
chemical residues, additives and preservatives. They are also 
considered superior on account of their antioxidant properties 
in comparison to conventionally grown foods [5,6]. A consumer 

survey indicated that 70.3% of consumers bought organic foods 
to avoid pesticides, 68.3% for freshness, 67.1% for healthy and 
nutritious alternatives, and 55% to avoid genetically modified 
foods [7]. Use of fertilizers and pesticides is linked with limited 
synthesis of bioactive components such as phenolic metabolites 
in the plants [8]. 

Tea is generally consumed in various forms as green, oolong, 
pu-erh, and black tea, all of which originate from the leaves of 
the plant Camellia sinensis L. The techniques of brewing tea also 
differ among population groups for the proportion of tea leaf 
used and the brewing time. Hence the strength of the tea brew 
also varies considerably ranging from 1-2% [9]. The objective of 
the study was to determine the antioxidant properties of brews 
obtained from different types of organic and non-organic tea 
brewed for different time periods. 

Materials and Methods
Selection of sample
Twelve different varieties of tea, i.e., six organic and six non-
organic were purchased from super market. The samples were 
collected in such a way that each conventional/non-organic 
sample had one organic counterpart sample. The organic tea was 
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purchased from source with authentic organic certification. A 
total of four black tea samples, four green tea samples and four 
flavoured green tea samples from different brands were selected 
as given in Table 1.

All samples were analyzed for their antioxidant properties by 
extraction in methanolic and aqueous media. In aqueous media, 
tea samples were extracted in hot water for different time 
periods to mimic the process of brewing tea. The chemicals used 
for the study were procured from Sigma-Aldrich (St. Louis, USA); 
and the reagents used were of analytical grade. All analysis was 
carried out in triplicate and mean values reported. Glass double 
distilled water was used for all analysis. 

Methods
Sample preparation

Extraction with water (brewing): A 2.5 g of tea sample was 
weighed and added to 50 mL boiling water, stirred thoroughly 
and brewed for different time intervals of 2, 5, 7 and 10 min. After 
brewing, extracts were cooled in ice water bath and collected 
by straining. These extracts were used for analysis of phenolic 
constituents and antioxidant activities.

Extraction with methanol: Total phenolics from tea samples 
were extracted with methanol containing 1% HCl (1:10 w/v) 
by refluxing in water bath. Briefly, 1.0 g sample was accurately 
weighed in conical flask and 10 mL of 1% HCl in methanol was 
added. The conical flask was placed in water bath at 50°C for 
3 hrs, taken out, cooled, centrifuged and supernatant was 
collected. Extraction was repeated three times, extracts pooled 
and used for analysis. 

Estimation of antioxidant components

The total phenolic content (TPC) of tea extracts was determined 
using the method described by Chandrasekara and Shahidi 
[10]. Briefly, 0.5 mL of the diluted sample was mixed with 0.5 
mL of Folin- Ciocalteu’s reagent in centrifuge tubes, followed by 
addition of 1.0 mL of saturated sodium carbonate and distilled 
water (8.0 mL). Tubes were allowed to rest in dark for 35 min 
followed by centrifugation. The absorbance of the resulting 
blue colour supernatant was measured at 760 nm and TPC was 
determined using a standard curve prepared using gallic acid and 
expressed as gallic acid equivalent per gram (mg of GAEq./g). 
Total flavonoid content (TFC) of the diluted tea extracts (1/20 
dilution) were determined by mixing 0.25 mL of sample 1.25 mL 

of distilled water and 75 μL of 5% NaNO2 solution. After 6 min, 
150 μL of 10% AlCl3_6H2O was added rested for 5 min and then 
0.5 mL of 1M NaOH was added. Volume of reaction mixture was 
made up to 2.5 mL with distilled water and absorbance measured 
against the blank at 510 nm. The TFC was determined using 
catechin as the standard and expressed as catechin equivalent 
(mg CATEq./g) [11]. For estimation of condensed tannins (CT) 
to 1.0 mL of diluted tea extracts, 5.0 mL of 0.5% vanillin-HCl 
reagent (0.5% vanillin (w/v) in 4% concentrated HCl in methanol] 
was added and the mixture incubated for 20 min at room 
temperature. A separate blank for each sample was prepared 
with 4% HCl in methanol. The absorbance was read at 500 nm, 
and the CT content was determined using a standard curve with 
catechin and expressed as mg of catechin equivalents per gram 
(mg of CATEq./g) [10].

Antioxidant properties

For measuring free radical scavenging activity (FRSA) by α, 
α-diphenyl-β-picrylhydrazyl (DPPH) method, a 0.2 mL diluted 
tea extract was added to 3.8 mL methanol solution of DPPH 
radical (final concentration, 0.1 mM). The mixture was shaken 
vigorously for 1 min by vortexing and allowed to stand at room 
temperature in dark for 30 min. A separate blank for each sample 
was prepared in methanol and the absorbance measured at 517 
nm. FRSA was determined using Trolox standard and expressed 
as mg TROLOX Eq./g [12].

For ferric reducing antioxidant power (FRAP) assay, 100 μL of tea 
extract and 300 μL of distilled water was mixed with 3.0 mL of 
FRAP reagent and allowed to stand at room temperature for 4 
min. The absorbance was measured at 593 nm against reagent 
blank using Trolox as standard and expressed as mg Trolox 
Eq./g [13]. 

Metal chelating activity was measured as follows - a 0.4 mL of 
tea extracts in distilled water was added to a solution of 50 µL 
of 2 mM FeCl2. The reaction was initiated by adding 200 µL of 
5 mM Ferrozine and the total volume made up to 4 mL with 
distilled water. The mixture was vigorously shaken and left at 
room temperature for 10 min. The absorbance of the reaction 
mixture was measured at 562 nm. For the control, distilled 
water was used instead of the extract. Appropriate blanks were 
prepared with 0.4 mL of the sample and 3.6 mL of distilled 
water for background subtraction. Metal chelating activity was 
determined by using EDTA as standard and is expressed as mg 
EDTA Eq./g [14]. Total antioxidant activity was determined by 
mixing 0.1 mL of diluted sample solution and 1.0 mL of reagent 
solution (0.6 M sulfuric acid, 28 mM sodium phosphate and 4 
mM ammonium molybdate) in test tubes. The test tubes were 
wrapped and incubated in a water bath at 95°C for 90 min. Then 
the samples were allowed to cool and absorbance measured at 
695 nm against blank. Total antioxidant capacity was determined 
using TROLOX as standard and expressed as mg TROLOX Eq./g [15].

Statistical analysis

The data were analyzed to obtain mean and standard deviation. 
ANOVA was applied employing Duncan’s multiple range test 
(DMRT) at 5% level of significance to know the significant 

Type of Tea Organic 
Tea

Abbreviation 
used

Non-organic 
Tea

Abbreviation 
used

Group A: 
Black Tea

1 OBT1 1 NBT1

2 OBT2 2 NBT2

Group B: 
Green Tea

1 OGT1 1 NGT1

2 OGT2 2 NGT2

Group C: 
Green Tea 
Flavoured

1 OGTF1 1 NGTF1

2 OGTF2 2 NGTF2

Table 1 List of selected tea samples.
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differences between the samples. Three different types of tea 
samples viz. organic and non-organic black tea, green tea, and 
green tea flavoured samples were compared between each 
group and within the entire set to know the level of significant 
differences.

Results and Discussion
The results of the study are compiled in Tables 2-5 and Figure 1. 
The statistical analysis data is compiled in supplementary files.

Antioxidants components in organic and non-
organic tea
The antioxidants components of tea were measured and results 
are compiled in Table 2 (for methanolic extracts), and Table 3 
(for aqueous extracts). The total amount of polyphenols in a 
tea sample is regarded as a major quality determinant of tea. 

The catechins present in green tea are normally referred as 
polyphenols. Catechins and other polyphenols have been known 
to have antioxidant activities. They possess antioxidant property 
via sequestering metal ion and by scavenging reactive O2 and 
nitrogen species [16]. Among the organic tea samples, the highest 
TPC was found in methanolic extracts of OGT1 and OGTF2 with 
similar values. Other samples had significantly lower amounts 
with least value in OBT2. For the non-organic tea samples, higher 
range of TPC was seen in NGT1, NGT2 and NGTF2 (range, 105.75-
110.73 mg GAEq./g). Black tea samples had the least TPC among 
all in non-organic category. When compared between the group, 
OGT1 and NGT1 had almost similar TPC. Comparison within the 
group indicated organic tea samples to have higher phenolics, 
though major differences were not observed among green tea 
varieties. Statistical analysis indicated significant differences 
within the group and for the entire set of samples. 

Group Organic 
Tea

Total phenolics 
(mg GA Eq./g)

Total flavonoid 
(mg CAT Eq./g)

Condensed 
tannins (mg CAT 

Eq./g)

Non -organic 
Tea

Total phenolics 
(mg GA Eq./g)

Total flavonoid 
(mg CAT Eq./g)

Condensed 
tannins (mg CAT 

Eq./g)

Group A
OBT 1 91.75 ± 2.17a 53.72 ± 7.81a 146.14 ± 9.72a   NBT 1 41.13 ± 6.23d 29.27 ± 2.37d 52.85 ± 6.11c 

OBT 2 68.2 ± 2.43b 42.75 ± 2.06b 66.49 ± 3.64b   NBT 2 58.49 ± 3.45c 36.2 ± 3.14c 60.95 ± 2.8b 

Group B
OGT 1 108.42 ± 5.12a 64.76 ± 2.6a 87.94 ± 2.62c   NGT 1 109.58 ± 7.99a 49.2 ± 1.22c 102.71 ± 8.19b 

OGT 2 88.66 ± 3.5b 52.53 ± 8.56b 75.95 ± 8.03d   NGT 2 110.73 ± 0.34a 59.9 ± 4.37b 114.09 ± 8.93a 

Group C
OGTF 1 96.81 ± 1.87b 20.12 ± 0.38c 75.9 ± 4.64b    NGTF 1 89.98 ± 0.17c 30.57 ± 6.26a 52.41 ± 11.09d 

OGTF 2 108.99 ± 3.88a 31.41 ± 0.72a 114.15 ± 1.98a   NGTF 2 105.75 ± 4.64a 28.67 ± 0.31b 68.18 ± 8.18c 

Note: Means with different superscript for organic and non-organic tea in a group are significantly different at p<0.05

Table 2 Total phenolic, flavonoids and condensed tannins in methanolic extracts of tea.   

Group Organic 
Tea

Brewing time (min) Non-
organic tea

Brewing time (min)
2 5 7 10 2 5 7 10

Total phenolics (mg GA Eq./g)

Group A
OBT 1 25.69 ± 1.79a 25.95 ± 2.2a 26.27 ± 1.9a 31.69 ± 1.04a NBT 1 19.88 ± 1.54b 24.17 ± 1.79a 25.76 ± 1.07a 28.33 ± 2.72b

OBT 2 24.57 ± 1.49a 26.09 ± 1.31a 30.06 ± 1.9b 31.02 ± 1.99a NBT 2 18.42 ± 0.74b 18.62 ± 0.59b 25.14 ± 0.91a 25.2 ± 1.47b

Group B
OGT 1 26.74 ± 0.57b 41.75 ± 10.28a 41.93 ± 1.14b 43.02 ± 0.72c NGT 1 26.19 ± 3.11b 26.61 ± 1.84b 45.98 ± 4.89b 46.04 ± 5.86c

OGT 2 41.29 ± 8.08a 48.29 ± 1.43a 54.53 ± 1.3a 66.4 ± 2.2a NGT 2 40.06 ± 0.88a 45.3 ± 1.94a 47.76 ± 3.33b 55.53 ± 21b

Group C
OGTF 1 18.43 ± 1.27b 17.49 ± 0.13c 23.85 ± 0.25b 26.64 ± 1.09b NGTF 1 33.32 ± 0.97a 37.46 ± 1.97a 38.25 ± 1.49a 43.1 ± 2.34a

OGTF 2 10.73 ± 0.59c 10.55 ± 0.38d 14.53 ± 0.49c 15.04 ± 0.64c NGTF 2 18.33 ± 0.6b 25.05 ± 0.76b 28.86 ± 1.54b 28.61 ± 0.6b

Total flavonoids (mg CAT Eq./g)

Group A
OBT 1 13.91 ± 0.88a 13.37 ± 1.48a 13.47 ± 0.46a 16.56 ± 2.23a NBT 1 8.6 ± 0.46c 11.6 ± 0.64b 11.26 ± 1.08b 12.66 ± 1.06b

OBT 2 10.54 ± 0.84b 10.48 ± 0.66b 11.09 ± 1.07b 12.35 ± 0.81b NBT 2 8.55 ± 1.5c 9.35 ± 0.88b 11.06 ± 0.37b 11.45 ± 0.21c

Group B
OGT 1 15.94 ± 3.06b 24.88 ± 1.06a 27.37 ± 2.88a 25.98 ± 2.23a NGT 1 15.96 ± 0.85b 17 ± 5.13b 21.58 ± 1.52a 22.5 ± 0.83a

OGT 2 21.73 ± 3.31a 23.35 ± 0.75a 27.07 ± 4.01a 29.11 ± 2.36a NGT 2 21.63 ± 3.75a 23.56 ± 7.37a 24.26 ± 0.49a 26.36 ± 1.86a

Group C
OGTF 1 11.94 ± 0.13b 14.01 ± 0.37b 16.02 ± 0.27b 18.82 ± 0.49b NGTF 1 16.8 ± 0.4a 17.43 ± 1.23a 20.79 ± 0.35a 21 ± 0.59a

OGTF 2 9.26 ± 0.17c 9.59 ± 0.23c 13.36 ± 0.37c 14.59 ± 2.44c NGTF 2 9.82 ± 0.47c 13.07 ± 0.17b 14.79 ± 1.41c 15.37 ± 0.29c

Condensed tannins (mg CAT Eq./g)

Group A
OBT 1 6.95 ± 0.16a 8.11 ± 0.35a 8.26 ± 0.14a 10.12 ± 0.21a NBT 1 2.57 ± 0.24b 3.47 ± 0.18c 3.9 ± 0.24c 3.95 ± 0.14d

OBT 2 5.81 ± 0.32a 5.75 ± 0.1b 6.15 ± 0.23b 8.93 ± 0.15b NBT 2 2.48 ± 0.00c 3.62 ± 0.12c 4.58 ± 0.21c 6.08 ± 0.1c

Group B
OGT 1 4.99 ± 0.1b 5.21 ± 0.39b 5.88 ± 0.15b 6.05 ± 0.14b NGT 1 3.27 ± 0.2c 4.7 ± 0.16c 5.98 ± 0.09b 5.98 ± 0.08c

OGT 2 4.65 ± 0.26b 5.53 ± 0.12b 5.69 ± 0.16b 6.17 ± 0.09b NGT 2 5.76 ± 0.1a 6.35 ± 0.11a 7.21 ± 0.9a 9.43 ± 0.14a

Group C
OGTF 1 0.75 ± 0.08d 1.22 ± 0.2c 1.72 ± 0.41c 3.78 ± 0.58b NGTF 1 5.42 ± 0.09a 5.95 ± 0.18a 6.33 ± 0.15a 6.9 ± 0.12a

OGTF 2 1.08 ± 0.14c 1.94 ± 0.22c 2.34 ± 0.14c 2.66 ± 0.46b NGTF 2 4.27 ± 0.8b 4.83 ± 0.1b 5.31 ± 0.14b 6.17 ± 0.62a

Table 3 Total phenolic, flavonoids and condensed tannins in aqueous brew extracts of tea.

Note: Means with different superscript for organic and non-organic tea in a group are significantly different at p<0.05
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The TFC of organic black tea and green tea was higher than 
non-organic counterpart, though one variety of non-organic 
flavoured green tea had high TFC. Between organic and non-
organic, former had higher TFC with differences being significant. 

The total amount of condensed tannins in methanolic extracts 
of tea samples showed higher concentration in organic black 
and flavoured green tea, whereas green tea among non-organic 
category had higher content. OBT1 was found to have the highest 

Tea Free radical scavenging activity 
(mg TROLOX Eq./g)

Ferric reducing antioxidant 
power (mg TROLOX Eq./g)

Metal chelating activity (mg 
EDTA Eq./g)

Total antioxidant activity (mg 
TROLOX Eq./g)

OBT 1 47.15 ± 3.39e 151.58 ± 8.78c 1.07 ± 0.02c 515.97 ± 10.09c

OBT 2 83.58 ± 2.41c 98.59 ± 17.99d 2.67 ± 0.1a 354.82 ± 4.16d

OGT 1 353.52 ± 9.1a 151.25 ± 8.61c 1.08 ± 0.07c 668.42 ± 17.82a

OGT 2 150.78 ± 9.27b 159.09 ± 3.88c 0.67 ± 0.0bc 582.09 ± 27.97b

OGTF 1 62.9 ± 12.89d 225.28 ± 2.5a 0.99 ± 0.07c 418.55 ± 17.11d

OGTF 2 68.74 ± 14.86d 164.5 ± 7.84b 1.17 ± 0.05b 321.05 ± 11.83e

NBT 1 143.37 ± 4.68c 85.09 ± 7.82e 1.67 ± 0.08b 248.06 ± 7.23f

NBT 2 135.49 ± 3.17c 88.4 ± 3.03e 1.73 ± 0.09b 307.02 ± 3.61e

NGT 1 141.88 ± 4.58c 164.12 ± 2.66c 1.01 ± 0.08c 600.00 ± 13.81b 

NGT 2 180.84 ± 3.91a 215.08 ± 8.91b 0.66 ± 0.08c 781.08 ± 37.15a 

NGTF 1 65.94 ± 2.47d 124.97 ± 6.62d 1.05 ± 0.09c 512.88 ± 11.51c

NGTF 2 159.7 ± 2.16b 363.38 ± 3.54a 2.31 ± 0.05a 538.41 ± 16.45c

Table 4 Antioxidant activity of methanolic extracts of tea as measured by different assays. 

Note: Means with different superscript for organic and non-organic tea in a column are significantly different at p<0.05

Organic 
Tea

Brewing time (min) Non-organic 
tea

Brewing time (min)
2 5 7 10 2 5 7 10

Free radical scavenging activity (mg TROLOX Eq./g)
OBT 1 5.2 ± 0.94a 8.81 ± 2.71c 14.17 ± 5.37c 23.21 ± 6.38c NBT 1 2.94 ± 1.1a 3.4 ± 0.85d 6.93 ± 2.71d 10.21 ± 0.82d

OBT 2 15.04 ± 1.15b 18.49 ± 7.51b 27.48 ± 0.95b 33.16 ± 0.49b NBT 2 13.14 ± 2.68b 39.93 ± 1.64a 87.32 ± 3.9a 108.97 ± 7.13a

OGT 1 17.87 ± 0.64c 29.02 ± 4.41c 48.83 ± 2.26c 69.5 ± 1.37c NGT 1 11.54 ± 1.74c 20.14 ± 5.81d 40.54 ± 3.47d 40.7 ± 1.2d

OGT 2 43.91 ± 8.66a 66.03 ± 34.2b 81.21 ± 2.09b 113.57 ± 4.22b NGT 2 30.13 ± 6.51b 81.86 ± 1.64a 98.62 ± 4.88a 136.4 ± 2.08a

OGTF 1 25.34 ± 4.65b 65.97 ± 6.44b 90.54 ± 6.22b 111.81 ± 6.59b NGTF 1 126.44 ± 2.51a 139.5 ± 3.31a 144.31 ± 9.65a 238.1 ± 5.49a

OGTF 2 5.78 ± 1.08d 28.5 ± 2.46c 37.81 ± 1.44d 50.09 ± 2.28d NGTF 2 34.13 ± 3.91c 61.94 ± 4.47b 76.87 ± 3.04c 85.23 ± 5.58c

Ferric reducing antioxidant power (mg TROLOX Eq./g)
OBT 1 49.55 ± 1.3a 59.16 ± 19.28a 65.58 ± 15.21a 68.96 ± 3.58a NBT 1 37.21 ± 1.07d 39.85 ± 1.47c 42.05 ± 6.27c 47.4 ± 1.18d

OBT 2 42.81 ± 0.4b 43.99 ± 0.93b 47.07 ± 1.96b 58.89 ± 0.91b NBT 2 38.68 ± 1.13c 38.46 ± 2.75c 43.2 ± 1.32c 51.65 ± 0.76c

OGT 1 50.11 ± 1.18a 52.1 ± 1.44b 59.52 ± 4.06b 65.01 ± 0.66c NGT 1 43.31 ± 1.67b 46.93 ± 0.2c 50.22 ± 0.97b 52.08 ± 1.38d

OGT 2 53.98 ± 2.71a 58.96 ± 2.22b 69.73 ± 1.04a 71.97 ± 3.27b NGT 2 54.1 ± 0.75a 66.15 ± 4.88a 70.65 ± 1.71a 86.51 ± 5.07a

OGTF 1 40.64 ± 0.37b 52.56 ± 1.66b 54.38 ± 2.14b 55.17 ± 2.19c NGTF 1 89.7 ± 3.55a 90.62 ± 7.01a 93.66 ± 3.59a 95.2 ± 8.09a

OGTF 2 23.87 ± 0.48d 30.74 ± 1.11d 40.36 ± 1.6c 43.31 ± 1.92dJ NGTF 2 34.63 ± 1.48c 43.65 ± 0.75c 51.32 ± 1.43b 66.17 ± 4.83b

Metal Chelating Activity (mg EDTA Eq./g)
OBT 1 0.43 ± 0.03c 0.83 ± 0.1c 0.9 ± 0.05c 0.92 ± 0.11c NBT 1 0.77 ± 0.05b 1.06 ± 0.02b 1.2 ± 0.02b 1.21 ± 0.14a

OBT 2 0.99 ± 0.05a 1.07 ± 0.07b 1.13 ± 0.06b 1.13 ± 0.09b NBT 2 1.21 ± 0.13a 1.23 ± 0.03a 1.36 ± 0.08a 1.37 ± 0.05a

OGT 1 0.52 ± 0.13a 0.55 ± 0.06a 0.56 ± 0.13a 0.59 ± 0.07a NGT 1 0.33 ± 0.03b 0.37 ± 0.04b 0.44 ± 0.11b 0.77 ± 0.18a

OGT 2 0.36 ± 0.11b 0.36 ± 0.01b 0.51 ± 0.01a 0.6 ± 0.12a NGT 2 0.15 ± 0.05c 0.18 ± 0.05c 0.31 ± 0.08c 0.57 ± 0.08a

OGTF 1 0.51 ± 0.06b 0.79 ± 0.03b 0.85 ± 0.03b 0.94 ± 0.16a NGTF 1 0.58 ± 0.06b 0.68 ± 0.14c 0.7 ± 0.13b 0.93 ± 0.05a

OGTF 2 0.86 ± 0.1a 0.99 ± 0.02a 1.03 ± 0.01a 1.06 ± 0.04a NGTF 2 0.39 ± 0.02c 0.42 ± 0.14d 0.55 ± 0.09c 0.56 ± 0.12b

Total Antioxidant Activity (mg TROLOX Eq./g)
OBT 1 38.06 ± 7.94c 54.9 ± 27.29c 75.15 ± 32.51b 80.9 ± 15.02b NBT 1 57.86 ± 1.72b 69.45 ± 3.22b 71.55 ± 4.15b 84.72 ± 2.25b

OBT 2 74.58 ± 6.09a 83.65 ± 8.02a 89.18 ± 2.36a 97.73 ± 26.13a NBT 2 59.62 ± 1.5b 63.68 ± 4.9b 69.45 ± 3.22c 71.35 ± 4.14c

OGT 1 61.86 ± 7.06c 63.15 ± 6.92c 78.42 ± 5.61d 135.19 ± 5.74b NGT 1 51.92 ± 1.18d 65.78 ± 7.88c 96.04 ± 9.04c 96.85 ± 7.58d

OGT 2 76.37 ± 4.5b 88.04 ± 3.45b 103.51 ± 
12.47b

120.79 ± 
17.41c NGT 2 87.76 ± 4.32a 151.02 ± 

11.32a 177.73 ± 2.77a 179.12 ± 8.01a

OGTF 1 53.55 ± 2.97b 66.26 ± 14.65c 106.73 ± 4.04b 116.38 ± 
19.35b NGTF 1 112.99 ± 

15.75a
181.74 ± 

22.11a
183.94 ± 

16.45a 185.25 ± 5.12a

OGTF 2 16.48 ± 5.39d 33.92 ± 13.79d 50.76 ± 4.26d 57.41 ± 4.53d NGTF 2 47.65 ± 7.8c 76.62 ± 1.11b 77.51 ± 2.19c 82.77 ± 6.04c

Note: Means with different superscript for organic and non-organic tea in a column are significantly different at p<0.05

Table 5 Antioxidant activity of aqueous brew extracts of tea as measured by different assays.
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tea subjected for an extended period of fermentation would 
normally result in the oxidation of phenolic compounds. 
Tea from India or Sri Lanka have been shown to have higher 
polyphenol content (up to 30%) than those from Chinese 
variety (upto 20%) [18]. 

The TFC in aqueous brew extracts of tea samples showed similar 
trend of increase with brewing time as that of total phenols for 
both organic and non-organic tea samples. The most significant 
factors which are found to influence flavonoid content per 
serving of tea are the weight and tea variety. Studies have also 
been performed using different infusion rates and are known to 
yield varied results depending upon the strenght of infusion. The 
flavonol profile in teas, the flavour and color of tea are known 
to be greatly affected by the type of tea such as black, green, 
oolong, pu-erh and herbal tea. Among the organic variety a 
considerably higher value was noted in OGT2. Brewing for 2 min 
yielded a total flavonoid content of 21.73 mg CATEq./g, which 
increased to 29.11 mg CATEq./g after brewing for 10 min. Black 
tea and flavoured green tea had comparatively lesser flavonoids. 
Compared to total phenols, flavonoid content in a group were 
in a nearer range. Statistically significant differences were noted 
with respect to both the varieties. 

Black teas have been estimated to have a characteristic profile 
of flavonoids. Their presence in tea is influenced by their content 
and brewing conditions. Theaflavins and polymeric thearubigins 
are known to be present in large quantities. Brewing techniques 
are said to vary considerably across the world. Peterson et al. 
examined the influence of variety and brewing technique on 
the characteristic of flavonols of ten samples of black tea [19]. 
Total catechins, theaflavins and thearubigins were analyzed and 
exhibited cosiderable varietal differences. The results revealed 
that the blended teas had lowest catechin content. Among the 
unblended varieties, Darjeeling had highest and Ceylon variety 
the least catechin content. Theaflavin content was high in both 
Assam and Kenya varieties with significant differences among 
samples. China and Darjeeling teas had lowest theaflavin 
content, whereas Ceylon and blended teas exhibited average 
values. Analysis of thearubigin showed highest content in Assam 
and Kenya variety, followed by Ceylon variety. Darjeeling variety 
had least content and was significantly different from all the 
other varieties. 

Proanthocyanidins or condensed tannins are one of the important 
groups of di-oligomeric flavonoids present in plants, foods 
and in pharmaceutical compounds [20]. They are recognized 
as potential antioxidant compounds. Proanthocyanidin tend 
to yield anthocyanidins upon heating with aqueous acids. 
Proanthocyanidins isolated from tea comprises about 2% of the 
total weight of the leaf on dry weight basis. In the present study, 
condensed tannin content in aqueous brew extracts of tea were 
very low compared to total phenols and flavonoids in all tea 
samples (Table 3). Among samples, organic green flavoured tea 
had least content followed by green tea and black tea varieties. 
The non-organic varieties had flavonoid content in the range of 
2.4 - 5.76 mg CATEq./g initially and increased to 3.95 – 9.43 mg 
CATEq./g after 10 min of brewing with no specific trend among 
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content (146.14 mg CATEq./g) followed by OGTF2 (114.158 
mg CATEq./g). Among the non-organic tea, the higher content 
was observed in NGT2 (114.09 mg CATEq./g). The differences 
between the samples were found to be statistically significant.

Data pertaining to TPC in aqueous brew extracts of both organic 
and non-organic tea samples are compiled in Table 3. As evident, 
for all tea samples the TPC increased with increase in brewing 
time. The highest TPC observed in OGT2 was in the range of 
41.29 – 66.40 mg GAEq./g and for non-organic counterpart, it 
ranged from 40.06 to 55.53 mg GAEq./g. The pattern of increase 
in total phenolic content was observed to be similar for both 
the varieties with maximum phenolics leaching at 10 min of 
brewing. Comparison between organic and non-organic tea 
revealed significant groupwise differences. Among black tea 
samples, organic varieties were better; green tea did not differ 
significantly, whereas among flavoured green tea, non-organic 
had higher phenolics. Overall analysis indicated wide variations 
among all samples with significant differences.

Anesini et al. determined the TPC and antioxidant capacity 
of twelve commercially available tea samples, of which three 
were green and the rest were black tea samples [17]. All the 
samples were subjected to extraction and determination of TPC, 
antioxidant activity and FRSA. The range of TPC as reported in 
green tea ranged from 21.02-14.32 GAE%, whereas for black tea, 
the range was 8.42 to 17.62 GAE%. This difference in various 
brands was attributed to post maturation process where black 
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green tea or black tea. The mean difference in the increase of the 
flavonoid content was not very large irrespective of the tea being 
from organic or non-organic source on brewing. The differences 
within each group and the variety were statistically significant. 

Luximon-ramma et al. characterized the antioxidant functions 
of flavonoids and proanthocyanidins in freshly plucked nine 
commercially available tea and extracts of Mauritian black 
tea [21]. The flavonid content of the infused tea samples was 
found to be in the range of 15 ± 2 to 26 ± 3 mg/g whereas the 
proanthocyanidin content varied from 25 ± 2 to 74 ± 10 mg/g on 
dry weight basis. The infused samples of fresh tea leaves were 
found to contribute 184 ± 36 mg/g of total phenols, 34 ± 5 mg/g 
of total flavonoids and 64 ± 11 mg/g of proanthocyanidins on dry 
weight basis. Results clearly indicated that fresh tea leaves had 
much higher antioxidant components in comparison to black tea 
leaves. 

Antioxidant activity of organic and non-organic 
tea
The FRSA in methanolic extracts of tea sample presented in 
Table 4 showed a wide variation among organic tea samples. 
The highest scavenging activity was observed in OGT1 (353.52 
mg Trolox Eq./g) and the least was seen in OBT1 (47.15 mg 
Trolox Eq./g). In non-organic tea samples, NBT1, NBT2 and NGT1 
had nearing range of scavenging activity (135.49 to 143.37 mg 
Trolox Eq./g), while others had ether higher or lower levels, the 
difference being significant. 

The results of FRAP assay in methanolic extracts of tea samples 
showed varied results with some varieties under organic and 
some under non-organic showing higher FRAP (Table 4). Overall 
green tea samples had higher FRAP value than black tea in 
both categories. FRAP values were also much higher that FRSA 
indicating that this assay could estimate the antioxidant capacity 
of tea samples efficiently. Statistical analysis revealed that both 
the varieties were observed to have significant differences.

Metal chelating activity in methanolic extract of tea samples 
showed that all samples from both organic and non-organic tea 
variety had extremely low activity. The observed activity was 
found to be unique for each variety of tea samples. Non-organic 
tea samples also exhibited relatively low metal chelating activity, 
though differences were significant for all samples. 

The total antioxidant activity of the methanolic extracts of tea 
samples presented in Table 4 shows that the samples from both 
the varieties i.e., organic and non-organic had considerably 
higher total antioxidant activity. Among the organic variety 
OGT1 had the highest activity (668.42 ± 17.82 mg TROLOX 
Eq./g). Comparison between OGT2 and IGT2 indicated IGT2 to be 
superior with higher activity as indicated by the observed values 
(781.08 ± 37.15 mg TROLOX Eq./g). Between OGTF1 and IGTF1 
the methanolic extract provided widely varying levels of activity. 
On the whole, it can be concluded that all the selected samples 
showed considerable higher activity level and these tea samples 
could be utilized as a potential source of antioxidant activity for 
long term health benefits. 

The FRSA in aqueous brew extracts of organic tea and non-organic 
tea samples are given in Table 5. In comparison to methanolic 
extracts most of the aqueous extracts showed low levels of FRSA 
with the exception of IGTF1. The scavenging activity of IGTF1 was 
found to be in the range of 126.44-238.1 mg TROLOX Eq./g. 

Figure 1 shows percent increase in FRSA in aqueous brew extracts 
of tea samples as a function of brewing time. All the samples 
from both the groups indicated a gradual increase in scavenging 
activity on brewing. The highest amount of percent increase was 
noted for OBT1 and OGTF2 with 346% and 341% respectively. A 
proportionately lower percent increase was observed for OBT2 
which was in the range of 15 - 120% over the brewing time. 
Among the non-organic tea samples, a considerably highest level 
of percent increase was seen in NBT2 (maximum of 729% at 10 
min) and lowest was seen for NGTF2 (150%) at highest brewing 
time. 

Zhang et al. evaluated the antioxidant activity of 10 compounds 
in different tea samples and reported the range of TROLOX 
equivalent in the range of 1321 to 2550 mM TROLOX [22]. 
Green teas had high mean TROLOX equivalent of 2143 mM and 
was significantly different. Green teas also exhibited higher 
antioxidant activity than white tea with an IC50 value ranging 
between 33.95-35.80 µg/mL. Similar results have been reported 
by other workers also. Unachukwu et al. reported a mean DPPH 
IC50 value of 23.26 µg/mL for green tea samples. Furthermore, 
these values indicate that the tea samples possess good FRSA 
[23]. The different antioxidant capacity showed by polyphenolic 
compound was found to be consistent with their chemical 
structure with respect to the number and position of phenolic 
hydroxyl groups. The investigators concluded that catechin 
component, particularly EGCG (Epigallocatechin-3-gallate) 
greatly contribute to the antioxidant activity of tea. The catechins 
were found to decrease during tea fermentation and could result 
in the reduced antioxidant capacity. This may be the reason for 
the lower antioxidant capacity of the black tea when compared 
with the green tea.

The estimated FRAP in aqueous brew extracts of tea samples 
presented in Table 5 were much lower than methanolic extracts. 
Overall range of values for organic and non- organic samples were 
43.31 – 71.97 and 47.4 – 95.2 mg TROLOX Eq./g respectively. The 
trend in increase in the reducing power with each brewing time 
did not show a wide variation. The amount of increase was found 
to be in very narrow range. Therefore, it is difficult to arrive at any 
conclusion to declare whether organic or non-organic samples 
are better as per this assay. Statistically significant differences 
were noticed with respect to all the selected samples. 

It is a well-established fact that, tea antioxidants affords 
protection against strong mutagens [24]. The antioxidant 
composition varies with each type of tea. Some tea antioxidants 
may be more active and are more easily absorbed than the 
others [25,26]. Benzie et al. analyzed 25 tea varieties for total 
antioxidant capacity by the FRAP assay [27]. Freshly prepared 
infusion of different types of tea was indicated to have widely 
varied antioxidant activities, which ranged from 132 µmol/g for 
one variety of black tea to 1144 µmol/g for green tea. A stability 
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study was also performed, by keeping the tea infusions at 4°C for 
48 hr which indicated no significant change over the designated 
period of storage, which implies that antioxidants in teas are 
stable. A linear relationship was noted between the strength of 
tea infusion and the FRAP value. Also a strong correlation was 
observed between FRAP value and the estimated total phenolic 
content. This indicates that the number of phenolic hydroxyl 
groups in a tea could be considered as the major determinants 
of antioxidant power in a tea sample. It is estimated that a cup 
of green tea would contribute an amount of antioxidant power 
similar to that encountered in 100-200 mg of pure ascorbic acid. 
Hence, green tea has enormous potential to be a significant 
dietary source of antioxidants.

Table 5 also shows the metal chelating activity in aqueous brew 
extracts of tea samples. Similar to methanolic extracts, even 
aqueous extracts showed very low metal chelating activity with 
very small insignificant increase with brewing time. Group wise 
differences were not observed though there were differences 
between organic and non-organic varieties. 

The flavonoid compounds particularly the catechins have the 
ability to chelate metal ions such as iron and copper. These in turn 
may contribute to their antioxidant activity through the inhibition 
of transitions metal catalyzed free radical formation. The most 
likely metal binding site for catechins is the orthodihydroxy group 
in the B ring [28]. One of the study, attempted to examine the 
effects of pH and metal ions as the antioxidative activites of 
catechins. The observations suggested that, the gallate moiety of 
the gallocatechins were also evaluated to bind metals [29]. In the 
same study it was also found that binding of Cu2+ was known to 
increase the antioxidant activity of EGCG and binding of Fe2+ was 
observed to have inhibitory effects on its antioxidant activity. 
Catechins are also known to exert inhibitory effect on copper 
mediated low density lipoprotein oxidation and other metal 
catalyzed oxidation in vitro could be probably due to their ability 
to chelate metals as well as their radical scavenging activities [30].

The results of the analysis of total antioxidant activity in aqueous 
brew extracts of tea samples are presented in Table 5. Between 
organic and non-organic tea samples a wide variation in the 

analysed values were recorded. Few samples from non-organic 
variety exhibited relatively higher level of activity (IGT2 with 
179.12 ± 8.01 mg TROLOX Eq./g vs OGT2 with 120.79 ± 17.41 mg 
TROLOX Eq./g). Similar pattern of observation was recorded even 
for IGTF1 (185.25 ± 5.12 mg TROLOX Eq./g) and OGTF1 (116.38 
± 19.35 mg TROLOX Eq./g). For all the samples it was observed 
that with brewing time, the obtained values were found to have 
been increased reaching the highest level at the last variation 
i.e., brewing for 10 min. For OBT1 and IBT1 the activity level was 
in the range of 38.06 ± 7.94 - 80.9 ± 15.02 and 57.86 ± 1.72 - 
84.72 ± 2.25) respectively. Comparative analysis of the data with 
each group and for the entire set of sample was found to have 
statistically significant differences. 

Conclusion 
The present study gave some importance inferences that the total 
content of bioactive components could be affected by extracting 
solvent particularly the polyphenolic content and antioxidant 
activity. Samples extracted with methanol were shown to have 
higher amounts of phenolic and flavonoids. Significant variations 
in the content and composition of polyphenols also were noted. 
Organic green teas were shown to have better antioxidant 
potentialities in comparison to inorganic tea varieties. It was also 
found that the amount of brewing time was found to have greater 
impact on the content of bioactive components. With maximum 
brewing time all the bioactive components were observed to 
follow an increasing trend. All the assayed components differed 
with each variety of tea samples and they were statistically 
significant. Various factors such as tea leaf variety, growth 
condition, climate, processing and analytical methods used 
would tend to affect the overall composition. However, further 
long term, well controlled human trials are required before any 
firm conclusions can be made regarding the proposed health 
benefits of tea consumption.
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