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Abstract As one of the most consumed beverages
worldwide, green tea has been extensively studied for its
wide array of health benefits. In this study, the composition
of active compounds and antioxidative activity was ana-
lyzed using various antioxidant assay systems and com-
pared between organic green tea (OGT) and conventionally
grown green tea (CGT). OGT extract was prepared in the
same way as CGT with the exception of fertilizer and in-
secticide, which were used only for CGT preparation.
There were no significant differences in total polyphenol
content and antioxidant activity tested against 2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium
salt radicals and 1,1-diphenyl-2-picrylhydrazyl radicals. In
addition, the antioxidant activities shown with both assays
were highly correlated with the polyphenol contents
(r2 > 0.99). No significant differences were observed in the
cellular antioxidant activity assay using HepG2 cells
(P > 0.05). However, substantially higher concentrations
of catechins, especially epigallocatechin-3-gallate, were
found in the OGT (7.64 vs 5.54/100 mg extract). Thus,
OGT could be considered as a potent and safe antioxidative
resource, being free of both fertilizer and herbicide uses.
However, the advantages of OGT should be further opti-
mized to provide a wide range of physiological effects,
considering the price of production and parallel amounts of
the active ingredients in CGT.
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Introduction

Green tea (a product from the plant Camellia sinensis), one
of the most widely consumed beverages in the world, has
gained a great deal of attention in many scientific studies.
Many studies have reported that green tea and its extract
have excellent beneficial effects on human health, includ-
ing anticarcinogenic (Farabegoli et al. 2007), anticario-
genic (Linke and LeGeros 2003), hypocholesterolemic
(Kim et al. 2012), and antioxidative activities (Skrzy-
dlewska et al. 2002). The antioxidant properties of green
tea extract have been mainly attributed to polyphenols,
which are secondary metabolites with many positive ef-
fects on human health, including the anti-inflammatory and
anticarcinogenic properties (Linke and LeGeros 2003). The
major compounds in green tea are phenolic compounds,
mainly catechins. The naturally occurring types of catechin
in green tea are epigallocatechin gallate (EGCG), epigal-
locatechin (EGC), epicatechin gallate (ECG), and epi-
catechin (EC). Moreover, gallocatechin gallate (GCGQG),
gallocatechin (GC), catechin gallate (CG), and catechin
(C) are produced during the manufacturing process by
epimerization (Wang and Helliwell 2000; Chen et al.
2001). In addition to catechin, tea leaves contain many
other components such as tannin, theanine, polysaccha-
rides, and flavonoids.

Although green tea has various health-promoting ef-
fects, it is not certain whether the active components and
their consequent effects have full activity in the body, since
many unexpected events could occur during digestion and
absorption, such as epimerization, degradation, or coupling
of the active compounds with other components. Zhu et al.
(2000) reported low bioavailability of catechin as a result
of a first pass effect, wide tissue distribution, and incom-
plete absorption after oral administration in rats. It was
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observed in an in vivo study that limited trans-epithelial
absorption related to the multi-drug resistance protein
(MRP) caused an efflux of green tea catechin from the
Caco-2 cell line (Zhang et al. 2004). Moreover, the binding
properties of catechin with proteins or iron were shown to
lower the bioavailability of the proteins, iron, or catechin
itself (Haslam 1996; Disler et al. 1975).

Major trends in current food consumption have been
focused on making healthier choices, causing interest in
organic foods to increase greatly in many industrialized
countries during the past decades. Growth without pesti-
cides and better functional values of organic foods is the
major reasons why organic food sources are preferred by
many over conventionally grown food sources. However, a
parallel comparison of the functionality has not been
thoroughly performed. In organically cultivated fields, the
synthetic pesticide input is approximately 96.5 % lower
than the conventional ones (Mader et al. 2002). Conse-
quently, some studies have shown higher nutrient levels in
fruits and vegetables grown organically compared to those
grown conventionally (Bourn and Prescott 2002). Howev-
er, there are controversial opinions regarding the superi-
ority of organic agricultural products over conventionally
grown products in terms of the physiological activity and
health benefits, which have attracted attention when it
comes to the price of the products. In the present study, the
antioxidant effects and the profiles of active components
were compared between extracts of organic green tea
(OGT) and conventional green tea (CGT).

Materials and methods
Materials

Spray-dried hot water extract of OGT and CGT was pro-
vided by Dae Han Tea Produce Co. (Boseong, Korea).
Ascorbic acid (vitamin C), gallic acid, 2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt
(ABTS),  2,2-azobis(2-methylpropionamidine)  dihy-
drochloride (AAPH), caffeine, dichlorofluorescein diac-
etate (DCFH-DA), and catechin isomers including EGCG,
EGC, ECG., and EC were purchased from Sigma-Aldrich,
Inc. (St. Louis, MO, USA). 1,1-Diphenyl-2-picrylhydrazyl
(DPPH) was purchased from Wako Pure Chemical (Osaka,
Japan). All other chemicals were analytical reagent grade.

Green tea sample preparation
The OGT, CGT samples were provided by Bosung Tea
Farm (Dae Han Tea Produce Co., Jeonnam, Korea). The

OGT was produced without the use of any insecticides or
chemical fertilizers for 3 years, and was certified by the
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National Agricultural Products Quality Management Ser-
vice (Korea). Five grams of tea sample among 10 kg each
green tea sample was submerged in 1 L of methanol
(>99 %) and underwent shaking extraction for 12 h at
room temperature. The extracts were filtered through
Whatman No. 41 filter paper (Whatman Int. Ltd., Maid-
stone, Kent, UK), evaporated at 40 °C with an evaporator,
and freeze dried using a programmable freeze dryer (Ilshin
Lab Co., Yangju, Korea) (Kim et al. 2010).

Determination of total polyphenol contents

The total polyphenol contents of the green tea extracts were
determined using the Folin—Ciocalteu’s colorimetric
method with slight modifications (Kim et al. 2010). Briefly,
200 pL of Folin—Ciocalteu’s phenol reagent was added to
2.8 mL aliquots of the diluted green tea extracts or stan-
dard solutions of gallic acid. After reacting in the dark for
7 min, 2 mL of 7 % Na,COs solution was added with
mixing. After 90 min at room temperature, the absorbance
was read against a blank at 750 nm. Total polyphenol
contents were expressed as mg of gallic acid equivalent
(GAE) per 100 mg of green tea extract.

Measurement of antioxidant capacity
DPPH radical scavenging activity

DPPH" (1,1-diphenyl-2-picrylhydrazyl) radical scavenging
activity was evaluated using the method reported by Brand-
Williams et al. (1995) with slight modifications. Briefly,
50 uM of DPPH® was dissolved in ethanol and adjusted to
have an absorbance of 0.7 £ 0.02 at 517 nm. Next, 100 puL
of sample solution was added to 2.9 mL of DPPH" solution
and vortexed. The absorbance at 517 nm was measured
20 min after the reaction was initiated. Ethanol was used as
the blank, and DPPH® solution (2.9 mL) plus water
(0.1 mL) were used as the control.

ABTS radical scavenging activity

Antioxidant activity was measured using the modified
ABTS®™ assay described by van den Berg et al. (1999).
First, 1.0 mM of AAPH and 2.5 mM of ABTS were dis-
solved in 100 mM of potassium phosphate-buffered solu-
tion (PBS, pH 7.4). The ABTS®™ radical solution was
heated at 70 °C for 30 min and then cooled down to room
temperature. After filtration through a 0.45 pm syringe
filter, the ABTS®™ solution was diluted to obtain an ab-
sorbance of 0.65 £ 0.02 at 734 nm. Next, 0.98 mL of
ABTS®™ solution was mixed with 0.02 mL of the sample
solution, and the absorbance at 734 nm was measured
20 min later. The PBS solution was used as the blank, and
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the control consisted of 0.98 mL of ABTS®™ radical solu-
tion mixed with 0.02 mL of water.

The antioxidant capacity was evaluated by measuring
the free radical scavenging activity of the green tea ex-
tracts, and the absorbance was recorded on a UV/VIS
spectrophotometer, model UV 2100 (Shimadzu Co.,
Tokyo, Japan). Each sample stock solution and vitamin C
was diluted in distilled water. The fresh radical solution
was prepared before the experiment. The percent of free
radical scavenging activity of the green tea extracts and
vitamin C, used as a positive control, was calculated as
follows, and calibration curves were obtained

Free radical scavenging activity (%)
= (100 — A /A.) x 100,

where A, is the absorbance of the control and A is the
absorbance of the sample.

The antioxidant capacity was expressed as VCEAC
(Vitamin C Equivalent Antioxidant Capacity) in
mg/100 mL sample solution, which was calculated using
the vitamin C standard curves (Kim et al. 2002).

Evaluation of cellular antioxidant activity

This protocol was established with practical modifications
from the DCFH-DA assay previously published (Wolfe and
Liu 2007). In brief, HepG2 cells were incubated in a 96-
well plate at a density of 6.0 x 10 cells/well for 24 h. The
cells were subsequently washed with PBS, and each well
was treated with 100 pL of fresh medium containing
quercetin (positive control) or green tea sample, along with
25 uM DCFH-DA, for 1 h. After washing with PBS,
600 uM ABAP in HBSS was added to the wells, and the
fluorescence was measured every 5 min for 1 h at 37 °C
using a Victor 3 Multilabel Counter (Perkin Elmer, Wal-
tham, MA, USA). The emission and excitation wave-
lengths for DCF formation were 538 and 485 nm,
respectively. The AUC for fluorescence versus time was
calculated. Each plate included triplicate control and blank
wells: control wells contained cells treated with DCFH-DA
and ABAP as an oxidant; blank wells contained cells
treated with dye and HBSS without the oxidant. The cel-
lular antioxidant capacity of each sample was calculated as
follows:

(J AUC of sample)

CAA unit = 100 —
(J AUC of control)

100.

Reverse-phase HPLC analysis of tea catechins and caffeine

The amount of caffeine and catechins in the OGT and CGT
samples was determined by HPLC analysis using a Waters
600E system controller. The Waters 484 tunable absorbance

detector was used to detect constituents of the tea at 280 nm,
and all peaks were plotted and integrated using the Waters
745 data module. The green tea extracts were filtered through
0.45 pum filter disks and then injected into the column
(Cosmosil 5C18-MS packed column; 5 pm, 4.6 mm X
250 mm, code 379-72). The concentrations of the working
solutions of caffeine and catechins were 100 pg/mL. Five
hundred nanograms of each standard compound (caffeine, C,
EC, ECG, EGC, and EGCG) was injected. The mobile phase
was composed of methanol/doubly distilled water/formic
acid (19.5:82.5:0.3, v/v/v), and was degassed by sonication
(Branson 5200) and run by an isocratic elution at a flow rate
of 1.0 mL/min.

Statistical analysis

Values were reported as mean = SD from experiments
conducted at least in triplicate. One-way analysis of vari-
ance (ANOVA) was used for comparisons between the
groups, and the differences were considered to be statisti-
cally significant when the p values were less than 0.05.

Results and discussion
Total polyphenol contents and antioxidant capacity

Various parameters such as catechin, polyphenol contents,
and antioxidant activity were compared between the OGT
and CGT samples. The OGT and CGT extracts contained
179.01 £+ 4.15 and 187.48 £ 7.24 umol of polyphenols,
respectively, expressed as GAE/100 mg of extract,
demonstrating no significant difference (P > 0.05) (Fig. 1).
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Fig. 1 Comparison of total polyphenol contents in organic and
conventional green tea. Data are expressed as the mean & SD, n = 3.
Organic organic green tea, Conventional conventional green tea
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The antioxidant activity was measured by both the
DPPH and ABTS methods, which allow convenient mea-
surement of the free radical scavenging capacity with high
sensitivity. The absorbance decreased when DPPH® was
scavenged by the antioxidants, donating hydrogen to form
a stable DPPH molecule. After a 20 min reaction of the
antioxidant content with the DPPH® radical solution, the
DPPH" radical scavenging activities of OGT, CGT, and
vitamin C (Vit-C) measured (Fig. 2). The OGT and CGT
extracts (10 mg/100 mL) showed 48.9 and 45.9 % an-
tioxidant activity compared with Vit-C. There was no
significant difference between the antioxidant activities of
the OGT and CGT extracts evaluated by the DPPH assay.

The antioxidant potential of the extracts and Vit-C used
in the DPPH assay was also evaluated against the ABTS®™
radical. ABTS was oxidized to the ABTS®™ radical anion
by AAPH, a thermolabile water-soluble radical generator,
during heating at 70 °C before the addition of test samples.
The reduction of the ABTS®™ radical chromogen by an-
tioxidants decreases its absorbance at 734 nm. The OGT
and CGT extracts (10 mg/100 mL) demonstrated radical
scavenging activities of 85 and 83.6 % compared with Vit-C,
which were lower than an equal concentration of Vit-C
(Fig. 2). The ABTS assay also revealed no significant
differences in the antioxidant activities of the OGT and
CGT extracts.

Based on the antioxidant activities, the OGT and CGT
extracts showed VCEACs of 4.84 + 0.2 /10 mg and
4.65 £ 0.1/10 mg in the DPPH assay, respectively, while
values of 8.42 4+ 0.3/10 mg and 8.17 £ 0.2/10 mg were
obtained in the ABTS assay (Fig. 3). The ABTS assay
overestimated the antioxidant capacity by about 42.5 %
compared to the DPPH assay. This overestimation of
VCEAC by assaying ABTS®™ radicals may be due to the
different solvent systems used in the ABTS and DPPH
assays. The activity in the ABTS assay was higher than that
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Fig. 2 Radical scavenging capacities of organic and conventional
green tea extract on DPPH and ABTS assay after 20 min reaction.
Data are expressed as the mean £ SD, n = 3. Vir-C vitamin C, OGT
organic green tea, CGT conventional green tea
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Fig. 3 Vitamin C equivalent antioxidant capacity (VCEAC) of
organic and conventional green tea extracts by DPPH (a) and ABTS
(b) assay. Error bar SD; n = 3; filled circle OGT extract; inverted
triangle CGT extract

shown in the DPPH assay because the buffer solvent in the
ABTS assay holds less catechins available to the radicals in
the reaction solution compared to the DPPH assay, which
uses ethanol as solvent. Thus, the solvent used to dissolve
the extracts could affect antioxidant activity of the com-
pounds according to the fraction solubility of antioxidant
available for different radicals. This difference in solvents
may have caused differences in the antioxidant pattern
between the two assays, which are in good agreement with
our previous study which showed that the solvent and
solubility of the active components affect the hydrogen
donating ability of the tested antioxidants (Lee et al. 2009).

Cellular antioxidant activity assay
To evaluate the protective effects of the two green tea

extracts against ROS-induced oxidative stress in a cellular
system, the DCFH-DA assay was performed. Since
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endogenous oxidative stresses were present from the Hep
G2 cells, which oxidize DCFH to the highly fluorescent
compound DCF, the fluorescence intensity in the control
group was adjusted to 100 %. The Hep G2 cells had a
50.7 % increase in the level of oxidative stress after ex-
posure to H,O,. As shown in Fig. 2, the intracellular pro-
tective effects of the OGT and CGT extracts against the
cellular oxidative stress induced by H,O, were found to be
proportional to the green tea concentration tested (Fig. 4a).
When the concentration of green tea extract was more than
2 mg/mL, a significant decrease of the oxidative stress was
observed. The oxidative stress dropped back down to 110.2
and 110.7 %, when the cells were treated with 5 mg/mL of
OGT and CGT extracts, respectively. A significant differ-
ence in the inhibition of DCF formation by OGT and CGT
extracts was not observed (Fig. 4b).
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Fig. 4 The intracellular protective effect of green tea extract on the
DCF formation in Hep G2 cells (a) and the dose-response relation-
ship of cellular antioxidant activity (b). a Means followed by different
superscripts are statistically different (P < 0.05). *P < 0.05, versus
H,0, exposed group. NC negative control (b) filled circle OGT
extract (2 = 0.994); inverted triangle CGT extract (> = 0.995)

Catechin analysis by HPLC system

To compare the catechin and caffeine profiles of the OGT
and CGT extracts, HPLC analysis was performed. The
catechin and caffeine concentrations in the green tea ex-
tracts were determined by comparing the peak areas with
that of each standard compound. Excluding catechin
(C) and GCG, OGT had significantly higher amounts of the
major catechins compared to CGT, including EGCG, EGC,
ECG, and EC (Fig. 5). It was also shown that the OGT
extract contained higher total catechin levels than the CGT
extract. The decrease of epicatechin (EGCG, EC) and in-
crease of epicatechin epimer (GCG, C) levels observed in
the tea cultivated conventionally may suggest that the de-
gree of epimerization depends on the cultivation condi-
tions. It was reported that epicatechin epimers such as GCG
and C are less effective than epicatechin, in both an-
tioxidant activity and bioavailability (Xu et al. 2004).
These results suggest that organic cultivation might be a
more suitable method to produce green tea with higher
concentrations of active compounds. In contrast to the
major catechin contents, no significant difference in the
CAF levels was observed between the OGT and CGT
(P < 0.05). The catechin and caffeine contents in the OGT
and CGT extracts are shown in Table 1.

When total polyphenol contents, chemical and cellular
antioxidant activities, and catechin contents were com-
pared between OGT and CGT, only the catechin contents
showed significant differences, being higher in the OGT
extract. Although there were no significant differences in
the other parameters, such as total polyphenol contents and
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Fig. 5 Catechin and caffeine contents in organic and conventional
green tea extracts. Catechin contents in 100 mg of organic/conven-
tional green tea extract. Values represent the mean (n = 3) &+ SD.
Different letters indicate significant differences from the other tested
group. P < 0.05. CAF caffeine, C catechin, EC epicatechin, EGCG
epigallocatechin gallate, GCG gallocatechin gallate, ECG epicatechin
gallate, EGC epigallocatechin
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Table 1 Catechin and caffeine profiles in organic and conventional
green tea extract

(mg/100 mg extract) OGT CGT

Caffeine (CAF) 4.85 £ 0.06 4.66 £ 0.06
Catechin (C) 0.77 £ 0.05 0.88 £ 0.05
Epicatechin (EC) 1.86 4+ 0.01 0.76 4+ 0.03
Epigallocatechin gallate (EGCG) 7.64 £ 0.26 5.54 + 0.33
Gallocatechin gallate (GCG) 1.83 £ 0.09 3.32 £0.13
Epicatechin gallate (ECG) 1.93 £ 0.16 1.33 £ 0.13
Epigallocatechin (EGC) 8.69 £ 0.53 3.63 £0.14
Total catechin 227 £ 1.11 15.44 £+ 0.81

Data are expressed as the mean = SD, n = 3
OGT organic green tea, CGT conventional green tea

resultant antioxidant activity, OGT, which contained more
catechins, could be considered a better green tea resource
for the production of functional food, due its advantages.
OGT is free of fertilizer and herbicide use, although there
were no significant differences in the antioxidant activity
shown against some free radicals.

Green tea contains many compounds, especially
polyphenols, and epidemiological studies showed that
polyphenolic compounds present in tea reduce the risk of a
variety of disease. Catechins are the main compounds in
green tea; they consist of (—)epicatechin, (—)epicatechin-3-
gallate(ECG), (—)-epigallocatechin, and (—)-epigallo-
catechin-3-gallate (EGCG). Many in vitro and in vivo studies
on catechins report mechanism consistent with protection
against degenerative disease (Vanessa and Gary 2004).

In the result of our study, the catechin contents showed
significantly higher in the OGT extract. The advantages of
using OGT in functional food development could be opti-
mized in a wide range of functional aspects, in terms of the
parallel amount of active ingredients contained in CGT.
This study was performed to investigate the differences in
the functional ingredients and antioxidant activities of
OGT compared to CGT. Although OGT showed no sig-
nificant difference with CGT in the total polyphenol con-
tents and antioxidant activities, significantly higher levels
of green tea catechins, especially EGCG, were found in the
OGT. This suggests that the utilization of OGT could be
beneficial as a food resource with no pesticide residues and
better functional values compared to CGT.
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