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ABSTRACT
The effect of sugars and/or milk on the antioxidant capacity of Oolong tea was

evaluated using 2,2′-azino-bis 3-ethylbenzothiazoline-6-sulfonic acid diammonium salt (ABTS),
ferrous ion-chelating (FIC) and cellular antioxidant activity (CAA) assays. The addition of
sugar did not alter the antioxidant capacity of tea (p < 0.05), however with the addition of
sweetener an 18% and 14% increase was observed using ABTS and FIC assays respectively.
In contrast, using the CAA method, the sweetener decreased the tea antioxidant capacity by
8%. Milks and milks and sugars decreased the antioxidant capacity of tea by 30% and 45%
respectively determined by ABTS and CAA assays, with an opposite result using the FIC
method. The chemical and cellular based methods showed poorly correlated values.
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1. INTRODUCTION
Free radicals can be generated within the

human body (e.g. respiratory chain) and also
acquired from the environment (e.g. air
pollution) [1]. Over-production of free
radicals in biological systems induces cell
injury by reaction with valuable molecules such
as DNA, lipids and proteins [2]. This injury
can lead to the development of various
complications, such as chronic inflammation,
cardiovascular diseases, cancers, cataracts and

diabetes [3-6]. It has been reported that the
consumption of fruits, vegetables and teas
which contain antioxidants reduces the
incidences of these complaints [7-8]. Dietary
antioxidants contained in such foods
promote cellular defences and prevent
oxidative damage to the cellular components
[9]. Among the major dietary sources of
natural antioxidants, tea is one of the most
concentrated in polyphenols at up to 30% of
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its dry weight [10].
Tea (Camellia sinensis) is one of the most

consumed beverages throughout the world
because of its desirable flavour and
antioxidant properties. Polyphenols in teas,
especially flavonoids, are mainly responsible
for free radical scavenging and metal
chelating effects [11-13]. Depending on the
manufacturing process, teas are classified into
three major types; unfermented green tea,
semi-fermented Oolong tea and fully
fermented black tea. The main flavonoid
components of green tea are catechins,
while black tea is predominantly composed
of theaflavins and thearubigines which
are formed during the fermentation process
[14-15]. Oolong tea is intermediate in
composition between green and black teas
[16]. Tea catechins and theaflavins have a
wide range of beneficial effects on health,
including protection of cardiovascular and
kidneys disorders, prevention of tooth decay
and carcinogenesis [17-19]. The flavonoids
in tea also have other valuable biological
properties, for example, antioxidant,
anti-inflammatory, anti-heamolytic
anti-glycation, and antimicrobial activities
[10, 13, 19-21]. Black tea is the most consumed
type in the Western World (76-78%), followed
by green tea (18-20%) and Oolong tea
(less than 2%). Oolong tea is more popular
in Asian countries such as China, Taiwan
and Thailand [14]. In China the consumption
of Oolong tea is widespread, due to its ability
to increase the metabolic rate of fat oxidation
[22], offer hypolipidemic ability [23] and act
as a hypoglycemic agent in the treatment of
type 2 diabetes [24].

Tea beverages are served in various
manners depending on beverage cultures.
For example, Oolong tea is usually served
with milk and sugar in Thailand, while it is
typically served straight in China. Milk proteins
can interact with tea polyphenols such as

theaflavins and catechins [25-26]. The binding
affinity between proteins and polyphenols
depends on their molecular sizes. The larger
molecules of polyphenols are more likely
to bind to milk proteins [27]. Serving milk
and sugar with tea is general, however few
studies of the effects of these ingredients on
the antioxidant capacity of the tea have been
conducted. As previously reported, addition
of sugar and/or milk to green, Oolong and
black teas lowered their free radical
scavenging activity as determined by ABTS,
ferric reducing ability of plasma (FRAP)
and 2,2-diphenylpicrylhydrazyl (DPPH) assays
[28-32]. Black tea showed the highest DPPH
antioxidant activity followed by the tea with
sugar, tea with sugar and milk, and tea with
milk [30].  In contrast, such additions increased
the antioxidant capacity of Oolong and
black teas as determined by monitoring
lipid peroxidation [29-30]. The antioxidant
activity of black tea with sugar, with milk
and with milk and sugar was similar.
However, by monitoring coupling redox of
β-carotene-linoleic acid model, the antioxidant
activity of such standard tea was lower in all
cases [30]. An inhibitory effect can be
observed when the oxidation occurs in
solution or at a solid-liquid interface, while
an enhancing effect occurs in oil-in-water
emulsion [29]. Hence, it has been concluded
that milk and sugar show effects of both
inhibition and enhancement on tea antioxidant
activity, depending on the methods used to
determine it [29-30].

On the other hand, extrapolation of the
antioxidant activity determined by such
chemical assays to bioavailability and
metabolism in vivo activity is sometimes too
optimistic.  They do not take into account
physiological conditions, such as pH and
temperature [33]. No study on the effect of
sugar and milk on the Oolong tea antioxidant,
using cell-based antioxidant assay has been
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reported. The objective of this work was
to investigate the effect of sugar, sweetener
and/or whole milk and semi-skimmed milk
on the antioxidant capacity of Oolong tea as
determined by chemical and cell culture
based methods, concerning the complexity of
the biological system.

2. MATERIALS AND METHODS
2.1 Materials

Fujian Oolong tea, sugar, sweetener
powder and sterilised whole and semi-
skimmed bovine milks were purchased
from supermarkets in Chiang Mai, Thailand.
The processed tea was pure without any
mixing with other herbs or substances.
The sugar was made from natural cane sugar.
The sweetener powder was produced from
erythritol 98.40% and sucralose 1.56%.
This information was taken from the
product labels.

All chemicals and reagents were
analytical grade. 2′,7′-Dichlorofluorescin
diacetate (DCFH-DA), 2,2′-azobis (2-
amidinopropane) dihydrochloride (ABAP)
and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) were purchased
from Sigma-Aldrich Chemie GmbH
(Munich, Germany). Gallic acid monohydrate
and Folin-Ciocalteu’s phenol reagent
were sourced from Sigma-Aldrich Chemie
(Steinheim, Germany). L-Ascorbic acid was
obtained from Riedel-deHa n®.L-glutamine,
Roswell Park Memorial Institute 1640 (RPMI
1640) medium, fetal bovine serum, trypsin-
EDTA, penicillin and streptomycin were
purchased from Gibco Life Technologies
(England). Dimethylsulfoxide (DMSO) was
obtained from Amersco (Ohio, USA). Ferric
sulphate was derived from Ajax Finechem
(New South Wales, Australia). Ferrozine
(3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazine), 2,2′-
azino-bis 3-ethylbenzothiazoline-6-sulfonic
acid diammonium salt (ABTS) were

supplied from Fluka (Buchs, Switzerland).
Human colon adenocarcinoma cell

line (HT-29) was kindly provided by
Dr. Jeffery Penny (School of Pharmacy
and Pharmaceutical Sciences, The University
of Manchester, England).

2.2 Tea Preparations
One gram of Oolong tea (dried basis)

was infused in 100 ml of deionised water
at 95 °C for 5 min. The tea brew was then
filtered using a filter paper (No.1 Whatman,
Maidstone, England) and the extract was
cooled to room temperature in a water bath.
To determine the effect of milk and sugar
on the antioxidant capacity of Oolong tea,
4 gram of sugar and/or 30 ml of milk were
added to 100 ml of the tea extract. The milk
was used immediately after opening the
container. Tea with the addition of 30 ml
of deionised water was used as a control.
The teas were analysed individually and also
after the addition of water, sugar, sweetener
and/or whole milk and semi-skimmed milk.
All the experiments were carried out a
minimum of three separate times. Samples
were determined in triplicate for each
experiment.

2.3 Proximate Component Analysis
Proximate analyses including dry matter,

crude fibre, ash, crude protein and
carbohydrates of the sugars and milks were
performed according to standard methods
[34]. The fat content was analysed by the
Gerber method [35].

2.4 Determination of Total Phenol
Content

The total phenolic content TPC in the
tea infusion was determined using the
Folin-Ciocalteu assay method [12, 36]. 1.5 ml
of Folin-Ciocalteu reagent was added to
300 ml of sample, followed by 1.2 ml of
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sodium bicarbonate (7.5%w/v). The mixture
was allowed to stand for 30 min in the dark
at room temperature. The absorbance was
then measured at 765 nm. TPC was expressed
as milligram gallic acid equivalents per 100
ml of infusion (mg GAE/100 ml).

2.5 ABTS Assay
The total antioxidant capacity of the

infusions was measured by ABTS radical
cation (ABTS*+) decolourisation assay as
described by Deetae et al. [13] 0.1 ml of
sample was reacted with 3.9 ml of ABTS*+

solution. The mixture was left in the dark at
room temperature for 6 min and then the
absorbance at 734 nm was measured using a
spectrophotometer (Spectronic 21 Milton
Roy Company, USA). Ascorbic acid and
ascorbic acid with a mixture of different
ingredients without the tea sample were
used as standards for the calibration curves
of plain Oolong tea and tea with different
mixtures of milks and/or sugars, respectively.
The total antioxidant capacity of samples
was expressed as ascorbic acid equivalent
capacity per 100 ml (VCEAC/100 ml).

2.6 FIC Assay
The metal chelating capacity of the

infusions was analysed according to the
method reported by Chan et al. [12]. 1 ml
of sample was mixed with 1 ml of FeSO4

(0.1 mM) and 1 ml of ferrozine (0.25 mM),
respectively. After 10 min in the dark at
room temperature, the absorbance of the
mixture at 562 nm was measured using a
spectrophotometer (Spectronic 21 Milton
Roy Company, USA). The metal chelating
capacity percent of the samples was calculated
as [1-(A sample - A sample blank)/(A control - A control

blank)]  × 100%, where A sample - A sample blank  was
the difference between the absorbance of a
sample with ferrozine and that without, and
A control - A control blank  was the difference

between absorbance of a control solution
with ferrozine and that without. Control
was a mixture of ingredients without the
tea infusion.

2.7 Cell Culture
HT-29 cells (passage number 45-59) were

cultivated in RPMI1640 medium and
maintained at 37 °C under 5% CO2

atmosphere. Each litre of RPMI 1640
medium used was supplemented with fetal
calf serum (10% v/v), L-glutamine (2 mM),
penicillin (50 units/ml) and streptomycin
(50 mg/ml) [37].

2.8 Cell Viability Assay
Cell viability was measured using the

MTT method as described by Mosmann [38],
with slight modifications. HT-29 cells were
cultured in 96-well dishes (1×104 cells/100 μl
RPMI1640 medium/well) at 37 °C under 5%
CO2 atmosphere..  After 48 hours the medium
was removed and the cells were washed
with phosphate buffered saline (PBS).
To assess cytotoxicity, the cells were treated
with RPMI1640 medium containing various
dilutions of sample (10-500 mg/ml of dried
herb) for 48 hours at 37 °C under 5% CO2

atmosphere. Then, 20 ml of MTT dye
(5 mg/ml in PBS) was added into each
well and cultured for another 4 hours. The
medium containing sample was then removed
and 100 ml of DMSO was added to each
well. Resulting cultures were read using a
micro-plate reader at 540 nm (Synergy H4
Hybrid Multi-Mode Microplate Reader,
BioTek Instruments, Winooski, Vermont,
USA). The percentage of cell viability was
calculated by the following equation: (A540 of
sample treated well/A540 of medium treated
well) × 100. The concentration of the extracts
(mg/ml of dried herb) resulting in 50% of
the viable cells were reported as 50%
cytotoxic dose (CD50).
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2.9 Cell-based Antioxidant Method
Cellular antioxidant activity (CAA)

was measured according to Wolfe and Liu
[39] with modifications. HT-29 cells were
cultured in 96-well plates (3 × 104 cells/100 μl
RPMI1640 medium) for 48 hours at 37 °C
under 5% CO2 atmosphere. The cells were
washed with PBS then incubated with
RPMI1640 medium containing each dilution
of tea extract for 1 hour. DCFH-DA was
added at a final concentration of 10 mM
and cultured for another 30 min. The cells
were washed twice with PBS and then
150 mM ABAP was applied in 100 ml of
PBS. Monitoring of the fluorescence intensity
of the oxidised DCF formation by the
micro-plate reader began immediately and
was performed at 5-min intervals for 30 min
(Synergy H4 Hybrid Multi-Mode Microplate
Reader, BioTek Instruments, Winooski,
Vermont, USA) using excitation wavelength
of 485 nm and emission wavelength of
538 nm. The antioxidant activity of samples
to prevent oxidation of DCFH to DCF in
the HT-29 cell line was represented as the
inhibition of DCF formation (%) [40-41].
The inhibition of DCF formation was
calculated as [(the rate of intracellular
DCF formation in a control well - the rate
of intracellular DCF formation of a treated
sample well)/ the rate of intracellular
DCF formation of a control well] × 100%.
The rate of intracellular DCF formation
was calculated according to the formula:
change in DCF fluorescence intensity/
change in time. Cells treated under the same
conditions without tea samples were used
as the control.

2.10 Statistical Analysis
All the experiments were carried out a

minimum of 3 separate occasions. Samples
were determined in triplicate for each
experiment. Data are presented as means

± standard deviation. One-way analysis of
variance (ANOVA) and Duncan’s multiple
range test were performed to assess the
significant differences among variables and
to compare means of the individual variables
at significant level p<0.05. All statistical
analyses were performed using XLSTAT PRO
2012 statistical package for Windows
(Addinsoft, New York, USA).

3. RESULTS AND DISCUSSION
3.1 Proximate Component Analysis of
Sugars and Milks

To determine whether the composition
of sugars and milks play an important role in
the antioxidant capacity of Oolong tea,
proximate analyses of both sugars and
milks were performed (Table 1). The
components of sugar and sweetener
were similar (p > 0.05). Whole milk and
semi-skimmed milk were significantly
different in the fat and protein contents
(p < 0.05). Whole milk contained 4% fat and
2.85% protein, while semi-skimmed milk
contained 1.7% fat and 3.25% protein per
dry weight. Results were in agreement with
those obtained by Ryan and Petit [31].

3.2 Total Phenolic Content
The reproducible extraction of

Oolong tea with hot water was indicated
by the yield of phenolic. The average
polyphenols content of the Oolong
infusion used in this study was 87.53±0.31
mg GAE/100 ml. The designated Oolong
tea extract for further studies on chemical
and cell cultured-based antioxidant assays
may therefore not differ in phenolic
content. The phenolic content perceived
was higher than the total phenolic content
in previous studies [13]. This could be due
to variations in the origins, location of
productions, seasons of the Oolong tea
used [21, 42].
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Table 1. Proximate compositions of the sugars and milks used in this study per dried weight.

1Data are representative of means ± SD of three independent experiments.
2S = Sugar; SW = Sweetener powder; M = Whole bovine milk; SM = Semi-skimmed bovine
milk.
3n.d. = not detected.
The mean in the same rows, but not the same letter, are significantly different (p < 0.05).

Solid (%)
Ash (%)
Crude fiber (%)
Crude protein (%)
Fat (%)
Carbohydrate (%)

S2

99.88±0.01 a

0.66±0.17a

n.d.3

0.07±0.02c

n.d.
99.15±0.12a

SW
99.73±0.11a

0.56±0.04a

n.d.
0.07±0.02c

n.d.
99.19±0.11a

M
9.68±0.15c

0.57±0.12a

n.d.
2.85±0.08a

4.00±0.00a

4.15±0.01b

SM
11.80±0.16b

0.69±0.23a

n.d.
3.25±0.10b

1.70±0.00b

4.40±0.07b

Samples1

Figure 1.  Antioxidant capacity of different tea types determined by ABTS assay. The
samples studied are oolong tea (OT), oolong tea + sugar (OTS), oolong tea + sweetener
(OTSW), oolong tea + water (OTW), oolong + whole bovine milk (OTM), oolong tea
+ whole bovine milk + sugar (OTMS), oolong tea + whole bovine milk + sweetener
(OTMSW), oolong tea + semi-skimmed milk (OTSM), oolong + semi-skimmed milk
+ sugar (OTSMS), oolong tea + semi-skimmed milk + sweetener (OTSMSW). Results
are presented as the means of three independent preparations of the same type. The
means in the same bars, but not the same letter, are significantly different (p < 0.05).

3.3 ABTS and FIC Assays
The addition of sugar, sweetener and/

or whole and semi-skimmed milk to Oolong
tea extracts exhibited a diverse impact on
the free radical scavenging of the tea
determined by ABTS assay as shown in

Figure 1. The addition of sugar to Oolong
tea did not show a significant effect on the
tea antioxidant potential, while the addition
of sweetener, which contained erythritol
98.40% and sucralose 1.56% caused a
significant 18% increase in the primary
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antioxidant capacity of the Oolong tea
(p < 0.05). These results could be explained
because erythritol serves as a strong free
radical scavenger through its hydroxyl
groups of polyol [43]. However, the
mechanism by which erythritol induces
the antioxidant activity of Oolong tea is still
not fully understood. It is remarkable to
note that the different chemical structure
has more effect on free radical-scavenging
efficacy as no significant difference in
composition was observed between the
sugar and sweetener (Table 1).

The addition of whole milk and semi-
skimmed milk led to a 5 and 30% decrease
respectively of the free radical scavenging
capacity, compared to Oolong tea with the
same volume of water added and the tea
without any addition (p < 0.05). The results
showed that milks were the most effective
in reducing antioxidant capacity, followed
by mixtures of milks and sugars. Similar
results were reported by Kome et al. [28],
Dubeau et al. [29], Sharma et al. [30] and
Korir et al. [44] found that the addition of
milk subdued the free radical scavenging
capacity of tea beverages. These decreases
were due to the dilution effect on the
polyphenols and the non-covalent binding
of casein proteins to polyphenols, which
masked the free radical scavenging capacities
of the polyphenols [25, 44-45]. Hasni et al.
[46] and Kanakis et al. [47] studied the
interaction of the major proteins in milk,
α-casein, β-casein and β-lactoglobulin with
tea polyphenols at molecular level. They
demonstrated that structural changes can
be a major factor in the effect of milk on
the antioxidant capacity of tea polyphenols.
The interaction and binding of
polyphenols to milk proteins depends on
types of both polyphenol and protein.
Results showed that the reduction
of α-helix and β-sheet and the increase of

random coli of casein conformation was
altered by polyphenol [46]. In contrast, the
hydrophobic and hydrophilic interactions
between polyphenol-β-lactoglobulin
complex led to an increase in α-helix and
β-sheet [47]. It is somewhat surprising that
the effect of whole milk and semi-skimmed
milk on the antioxidant capacity of Oolong
tea was not significantly different. The
findings indicate that the protein content
has a notable influence on the antioxidant
potency compared to the lipid content.
This is in contrast to previous work by
Ryan and Petit [31] and Langley-Evans [48],
who demonstrated that the addition of
whole milk decreased the antioxidant
potential of tea less than semi-skimmed
milk.  They also reported that different
types of milks, including whole milk and
skimmed milk, had no difference on the
antioxidant potential of tea. Langley-Evans
[48] suggested that the antioxidant capacity
of milked teas can vary depending on the
milk brands.

The effect of sugars and/or milks on
the metal chelating capacity of Oolong tea
was studied using FIC assay. This method
measures the ion chelating efficiency [12].
The addition of sugars and/or milks
significantly increased the metal chelating
capacity of tea beverages as shown in
Figure 2. The effect of milks and/or sugars
on tea metal chelating capacity has not been
previously studied. The addition of milks
and milks and sugars promoted the metal
chelating capacity of Oolong tea, followed
by the sweetener and sugar added in
succession. The greatest increase (51%) was
observed after the addition of semi-skimmed
milk. It is interesting to note that the addition
of higher protein milk content resulted in
a more significant increase in the metal
chelating capacity of Oolong tea than the
addition of lower protein milk content
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(Figure 2). These results are consistent with
previous research which found that both
casein and whey protein had metal chelating
capacity which directly increased with the
concentration of protein [49]. Hence, the
overall metal chelating abilities of Oolong
tea by adding milk could also account for
the concentration of milk proteins and their
abilities to chelate metal ions. As seen in
Figure 2, adding either whole milk or semi-
skimmed milk caused a significant increase

in the metal chelating capacity of Oolong
tea, more than adding sugar or sweetener.
The significant elevations in the metal chelating
of the combination between polyphenols
in tea and two types of milk may also be
explained by the partitioning of polyphenols
in the more alkaline environment of milk
micelle which would decrease their redox
potential and therefore increase the
polyphenols capacity to transfer an electron
to a nearby oxidant [29].

3.4 Cell Viability and Cellular
Antioxidant Assay

Besides the chemical assays, cellular
antioxidant activity was conducted to assess
the antioxidant capacity of Oolong tea and
the effect of sugars and milks on its ability in
a HT-29 cell system. Cell viability, evaluated
by the MTT method, was performed prior
to the cellular antioxidant capacity assay.
The cytotoxic property of different tea types
against HT-29 cell lines is shown in Table 2.

A significant decrease in cytotoxicity was
observed with the addition of sweetener
(OTSW), whole-milk and sweetener
(OTMSW), semi-skimmed milk (OTSM),
semi-skimmed milk and sugar (OTSMS)
and semi-skimmed milk with sweetener
(OTSMSW) (p < 0.05). The plain Oolong
tea exhibited the highest cytotoxic activity
towards the HT-29 cell line, with a
CD50 value of 19.26 ± 6.47 mg dried tea
leaves per ml. The Oolong tea containing

Figure 2.  Metal chelating capacity (%) of different tea types including oolong tea (OT),
oolong tea + sugar (OTS), oolong tea + sweetener (OTSW), oolong tea + water (OTW),
oolong + whole bovine milk (OTM), oolong tea + whole bovine milk + sugar (OTMS),
oolong tea + whole bovine milk + sweetener (OTMSW), oolong tea + semi-skimmed milk
(OTSM), oolong + semi-skimmed milk + sugar (OTSMS), oolong tea + semi-skimmed milk
+ sweetener (OTSMSW). Results are presented as the means of three independent preparations
of the same type. The means in the same bars, but not the same letter, are significantly different
(p < 0.05).
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Table 2. Cellular antioxidant activity of different tea types against peroxyl radical-induced
DCFH oxidation in HT-29 cells and their cytotoxic properties.

Types of tea

OT2

OTS
OTSW
OTW
OTM
OTMS

OTMSW
OTSM
OTSMS

OTSMSW

Inhibition of DCF formation1

(%)
  31.59±4.88a

  29.32±7.32ab

  23.91±3.70b

  24.13±3.57b

 -10.86±1.41cd

 -15.75±1.61de

 -6.04±0.75c

 -14.16±2.43de

 -19.01±3.77e

 -15.24±1.63de

Cytotoxicity
CD50  (mg/ml of dried herb)

19.26±6.47cd

12.90±1.50d

>500e

n.a.3

26.00±5.39bc

23.92±4.60bc

49.33±2.83a

42.71±3.03a

> 500e

28.42±1.38b

1Results are presented of mean ± SD of three independent experiments.
2OT = Oolong tea, OTS =Oolong tea + sugar, OTSW = Oolong tea + sweetener, OTW =
Oolong tea + water, OTM = Oolong tea + whole bovine milk, OTMS = Oolong tea +
whole bovine milk + sugar, OTMSW = Oolong tea + semi-skimmed bovine milk + sweetener,
OTSM = Oolong tea + semi-skimmed bovine milk, OTSMS = Oolong tea + semi-skimmed
milk + sugar, OTSMSW = Oolong tea + semi-skimmed milk + sweetener
3n.a. mean not applicable.
The mean in the same columns, but not the same letter, are significantly different (p<0.05).

sweetener (OTSW) or semi-skimmed
milk and sugar (OTSMS) exhibited the
lowest cytotoxic activity with a CD50 value
higher than 500 mg/ml. To avoid false
positive responses due to cytotoxicity, the
cellular antioxidant assay was performed
at concentrations of the tea resulting in less
than 25% cell death.

The effect of sugar, sweetener and/or
whole milk and semi-skimmed milk on the
antioxidant capacity of Oolong tea was
studied using the cellular antioxidant
method. This assay measures the ability of
the antioxidants to prevent the formation
of fluorescent dichloroflorescein [38].
Results demonstrated that sugars and milks
exerted diverse effects on the cellular
antioxidant activity (CAA) of Oolong tea
beverages as shown in Table 2. The addition

of sugar did not affect the CAA of Oolong
tea. On the contrary, an 8% decrease was
observed with the addition of sweetener.
There has been no previous study on the
effect of sugars on the antioxidant capacity
of tea using cellular antioxidant assay. The
decrease of CAA might result from the
effect of glucose in the RPMI 1640 medium
on erythritol permeability of HT-29 cells.
As previously reported hexoses such as
glucose, mannose and galactose can compete
with erythritol for the hexose transfer
system of the cell membrane and reduce the
permeability of erythritol [50]. The addition
of milks as well as milks and sugars decreased
the CAA of Oolong tea by 45% and Oolong
tea with the same volume of water added
by 32%. However, the effect of CAA on
the tea antioxidant capacity was not
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significantly different in this study (p >
0.05). This indicated that the addition of
protein played a more important role than
carbohydrate in decreasing the cellular
antioxidant capacity of the tea. A
significant reduction of CAA in cell
culture-based assay can be explained by the
interaction of polyphenols with proteins
resulting in the formation of large size
polyphenol-protein complexes [25-26].
These may reduce polyphenol transportation
through the cells since the permeability of a
molecule across a cell membrane generally
decreases with increasing size. The results
supported the reduction in plasma antioxidant
activity after milked tea consumption found
in vivo studies [48, 51]. According to the Pearson
correlation coefficient between each mean
variable, values obtained from the ABTS and
FIC methods poorly correlated with CAA
assay (r = 0.558 and r = -0.668, respectively).

4. CONCLUSIONS
The effect of sugar, sweetener and/or

whole milk and semi-skimmed milk was
investigated on the antioxidant capacity of
Oolong tea by ABTS, FIC and CAA assays.
Results demonstrated that the addition of
milks and sugars exerted diverse effects on
the antioxidant capacity of the tea, depending
on the methodologies applied to determine
the antioxidant capacity. The addition of
sweetener increased the antioxidant capacity
of Oolong tea beverages when determined
with ABTS and FIC methods. The opposite
effect was observed using the CAA assay.
With milks and milks and sugars, the
antioxidant potential of tea decreased when
measured with ABTS and cellular antioxidant
activity, while an increase was observed with
FIC assay. The Pearson correlation coefficient
showed a poor correlation between the
methods used. The physiological conditions
such as pH, uptake and metabolism of

antioxidant in the cells caused the difference
between the chemical and cell based assays.
The chemical antioxidant measurement
methods may have limitations for the
prediction of the antioxidant capacity in vivo
system.
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