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ABSTRACT
Tea is considered one of the most consumed beverages in the world, due to its pleasant sensory properties, extensive
health benefits and unique socio-cultural characteristics. The present study aimed to determine and compare the
concentration of total phenolics, flavonoids and antioxidant capacity of green tea infusions. Two commercial brands
of green tea and an artisanal or non-commercial green tea from China were used. Colorimetric methods were used
for the determination of total and flavonoid and phenolics and the DPPH and FRAP methods for antioxidant activity.
Of the three infusions, the highest concentration of total phenolics, flavonoids and antioxidant capacity was observed
in the infusion of artisanal green tea from China, with a statistically significant difference (p≤0.05). Its accessibility
makes tea a good alternative for the consumption of substances with functional properties.
*Corresponding author:
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RESUMEN
El té se considera una de las bebidas más consumidas en el mundo, debido a sus agradables propiedades sensoriales,
amplios beneficios para la salud y características socioculturales únicas. El presente estudio tuvo como objetivo
determinar y comparar la concentración de fenoles totales, flavonoides y capacidad antioxidante de las infusiones de
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té verde. Se emplearon dos marcas comerciales de té verde y un té verde artesanal o no comercial de China. Se
utilizaron métodos colorimétricos para la determinación de fenoles totales y flavonoides y los métodos DPPH y
FRAP para la actividad antioxidante. De las tres infusiones, la concentración más alta de fenoles totales, flavonoides
y capacidad antioxidante se observó en la infusión de té verde artesanal de China, con una diferencia
estadísticamente significativa (p≤0.05). Su accesibilidad hace del té una buena alternativa para el consumo de
sustancias con propiedades funcionales.
INTRODUCTION
Tea is generally made from the leaves of Camellia sinensis, and is a very popular soft drink all over the world.
Based on the fermentation degrees in an increasing order, tea can be classified into six categories, including green
(unfermented), yellow (slight-fermented), white (mild-fermented), oolong (semi-fermented), black (deep-fermented),
and dark (post-fermented) teas [1].
The consumption of tea has been correlated with low incidence of chronic pathologies, such as cardiovascular
disease and cancer [2]. However, although the molecules involved in this effect have been shown to have antiinflammatory and antioxidant effects, and to improve endothelial function, no clear-cut conclusion has been reached
on their mechanism of action [1]. The health benefits ascribed to the consumption of teas are thought to be
associated with their high content of bioactive ingredients such as polyphenols. The latter are secondary plant
metabolites and include the subclasses of flavonoids, flavones, flavonols, flavanols, isoflavones, flavanones,
chalcones and anthocyanidins [3]. Within the polyphenols, the tea flavanols, catechins (flavan-3-ols) and theaflavins,
have been identified as the bioactive phytochemicals of green tea and shown to be responsible for their antioxidant
activity [4]. Apart from their antioxidant activity, tea flavanols could also have other activities of pharmacological
interest [5,6], such as the ability to lower glucose, lipid and uric acid concentrations [7-9]. These activities could be
mediated by their effects on various enzymes and transporters [8].
Knowing the various properties of tea, the present study aimed to make an analysis of the concentration of total
phenolics, flavonoids and the antioxidant activity of the infusions of two brands of commercial teas and one artisanal
from China.
EXPERIMENTAL
Origin of plant material (PM)
Two brands of green tea (PM) traded in Venezuela obtained from a super market in the city of Maracay
(10°14′49″N 67°35′45″W), and an original artisanal brand of green tea from China was used (Figure 1 A,B,C). The
brands used were the following: Lipton (Brand 1), McCormick (Brand 2).
Sample preparation for extraction
2 grams of plant material were weighed. This was poured into a 400 mL Beaker, to which 200 mL of distilled water
previously heated to the boiling point was added. The sample was slightly stirred for 4 min and filtered using
Whatman No. 4 paper [10].
Determination of total phenolics
For the determination of total phenolics, 50 μL were mixed with 250 μL of the Folin-Ciocalteu 1 N reagent
(Analytical grade, Merck). It was left to stand for 8 minutes and then 750 µL of 20% Na2CO3 and 950 µL of distilled
water were added.. Was incubated for 30 min at room temperature and the absorbance was read on a Genesis 20
UV/VIS spectrophotometer (Thermo Scientific, Waltham, Massachusetts, USA). A calibration curve for Gallic Acid
(Sigma-Aldrich, Germany) was prepared with concentrations of 50, 100, 200, 300, 400, 500 and 1000 ppm. The
results were expressed in mg of Gallic Acid Equivalents (GAE) / g of PM [11].
Determination of flavonoids
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A volume of 100 µL of sample was mixed with 30 µL of 5% w/v NaNO2, 30 µL of 10% w/v AlCl3, 200 µL of 1 M
NaOH and adjusted with distilled water to a final volume of 1 mL. The reading was performed at 510 nm in a
Genesis 20 UV / VIS spectrophotometer and was compared with a standard curve with standard (+)-catechin. The
results were expressed in mg of Catechin Equivalents (CE) / g of PM [12].

Figure 1. Artisanal green tea

Ferric-Reducing Antioxidant Power (FRAP) Assay
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The FRAP test was used to determine the reducing capacity of tea infusions [13]: 100 μL of infusion were mixed
with 3 mL of FRAP reagent consisting of a mixture of 300 mM sodium acetate and acetic acid buffer, TPTZ solution
(2,4,6-tri(2-pyridyl)-s-triazine) of 10 mM, and 20 mM FeCl3 solution, in a volume ratio of 10:1:1. The reaction was
carried out at room temperature for 4 min, and absorbance was recorded at 593 nm using a Genesis 20 UV/VIS
spectrophotometer (Thermo Scientific, Waltham, Massachusetts, USA). FeSO4 was used as standard, and the results
were expressed as µmol Fe 2+/g PM.
Free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) Assay
100 µL of sample and 2.9 mL DPPH (100 mM solution of DPPH in 80 % methanol) (Sigma Aldrich) were placed
together in a quartz cell. Absorbance (Genesis 20 UV/VIS spectrophotometer) was monitored every 5 min for 30
min at a wavelength of 515 nm. The reference absorbance (A0) was obtained by substituting the sample volume for
80 % methanol. The percentage of DPPH reduction was obtained with the equation DPPH (%) = (A0-An) 100/ A0,
where A0 and An were the reference and sample absorbance, respectively [14]. The data were used to determine the
IC50 parameter, which represents the concentration (µg.mL-1) of phenolic compounds required to reduce the DPPH
free radicals by 50 % [15].
Statistical analysis
All determinations were made fivefold and the values were expressed as the means ± the standard deviation.
Statistical differences were determined by analysis of variance (ANOVA) by using the Statistic 9.0 program for
Windows.
RESULTS AND DISCUSSION
Total phenolics and flavonoids of the infusions
Green tea showed the highest antioxidant capacity and total phenolic content, which could be due to the minimized
oxidation degree of young leaves and the inactivated enzymes during the steaming process [16,17].
The content of total phenolics and flavonoids was found to be higher in China's artisanal green tea leaves and
lower in the mark 2 (p=0.029 and p=0.031, respectively). There was no significant difference (p ≥0.05) for both total
and flavonoid phenolics between artisanal green tea from China and brand 1. The mean and the standard deviation of
the concentrations of teas are expressed in Table 1. The difference in the concentration of teas is related to that
signaled by various studies which indicate that factors such as the way of cultivation, the place of production,
planting conditions, harvest time, leaf quality and manufacturing process, determine the content of bioactive
compounds and therefore their antioxidant capacity [18,19].
Other studies indicate that the content of total phenolic compounds is variable in different types of green tea, in
addition that the comparison with other studies is difficult because there are conditioning factors for the low or high
yield of an infusion, whether commercial or not [20,21].
Table 1. Total phenolics (mg GAE / g MV) and flavonoids (mg CE / g MV).

Bioactive Compounds
Total phenolics
Flavonoids

Brand 1
X ± DS
201.34±3.98
118.32±2.09

Brand 2
X ± DS
178.32±2.22
101.43±2.39

Artisanal
X ± DS
220.10±2.20
140±1.95

Antioxidant activity
On the other hand, several studies mention that it is difficult to fully evaluate the antioxidant activities of
natural tea compounds simply by using a single method of determination [22-24]. For the FRAP method, the
statistical analysis showed an important difference between artisanal tea and green tea Brand 2 (p = 0.019). Of the
IC50 obtained (concentration in µg.mL-1 of phenolic compounds required to reduce 50% of the free DPPH radical) of
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teas infusions, a greater antioxidant power was observed in the infusion of artisanal tea, with statistical difference
when compared with the brand 2 (p = 0.028, Table 2).
Although the results of the teas were different, no statistical difference was observed between the brand 1 and
the artisanal one, possibly due to the fact that the green tea leaves of that brand come from Sri Lanka, one of the
countries with the highest production of green tea in the world.
Table 2. Antioxidant activity of infusions

Plant Material
Brand 1
Brand 2
Artisanal

FRAP
Fe +2 / g MP
X ± DS
4110.80 ± 1.11
2172.80 ± 2.12
4180.80 ± 2.17

DPPH
µg.mL-1
X ± DS
180.30 ± 1.04
220.30 ± 2.04
160.30 ± 2.04

In a study conducted by researchers of the University of Shanghai, it’s reported that the 30 infusions of green
tea from different regions of China had a high antioxidant power and were rich in phenolic compounds, varying
from one region to another. The authors pointed out that tea is a good dietary source of natural antioxidants,
especially phenolic compounds that have a good potential to become a functional beverage [25].
CONCLUSIONS
There are differences in the content of bioactive compounds and their antioxidant activity between the Chinese
artisanal tea and the brand 2, currently traded in Venezuela, with a more important antioxidant activity in the
artisanal sample. All three tea varieties studied herein are excellent alternatives for the consumption of bioactive
compounds, with great health benefits.
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