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Abstract Green tea leaves were fermented for 15 and 30 days
with Monascus pilosus which is known to produce functional
statins (TMs), and the content of various biochemical constituents
such as total polyphenol (TP), total flavonoid (TF), theaflavin, and
thearubigin were analyzed and compared with that of non-
fermented green tea (GT) and Pu-erh Chinese post-fermented tea
(PU). In addition to the electron donating ability (EDA), ferric
iron reducing power (FIRP), xanthine oxidase (XO) inhibitory
activity, superoxide dismutase (SOD)-like activity, iron chelating
activity (ICA) and hydrogen peroxide contents were also
measured and compared with that of GT and PU. Content of TP
and TF in the water and ethanol extracts in TMs were lower than
those in GT and PU. Theaflavin and thearubigin contents of water
and ethanol extracts in TMs were higher than those of GT. And,
these components were increased depending on the period of
fermentation. While, EDA and FIRP of TMs were lower than
those of GT, XO inhibitory activity of TMs was higher than non-
fermented tea. While, ICA of TMs was slightly higher than GT
and PU, the content of hydrogen peroxide in TMs was markedly
lower than GT. This results suggested that the green tea fermented
by M. pilosus was valuable for oxidative stress-induced diseases
by decreasing hydrogen peroxide, and forming theaflavins and
thearubigins with functionality of genus Monascus.
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Introduction

Tea has been cultivated and consumed in Korea for more than one
thousand years (Matsumoto et al., 2004). Today, it is the most
widely consumed antioxidant components-containing beverage in
the world. It is reported that tea leaf may prevent metabolic
syndrome, mutagenesis and cancer due to various antioxidative
polyphenols such as epicatechin, epicatechin gallate, epigallocatechin,
epigallocatechin gallate, flavonoid, and theaflavins (Ohe et al.,
2001). For the extraction of effective tea components, it is
generalized that tea leaf has withering, rubbing, panning and/or
stemming, and fermentation treatment for allowing new flavor
and function. Therefore, it is classified as non-fermented tea
(green tea), semi-fermented tea, fermented tea (red tea) and post-
fermented tea (Pu-erh tea). Moreover, in the process of tea
fermentation, theaflavin and thearubigin (Sang et al., 2003) and
(−)-gallocatechin and gallic acid were produced (Nakamoto et al.,
2009). Theaflavin can prevent oxidative DNA damage by
inhibition of reactive oxygen species (ROS) (Sang et al., 2003). It
is reported that excessive ROS generation due to smoking,
drinking, fatigue and/or disease status could stimulate aging,
cancer, inflammation and metabolic syndrome such as hypertension,
atherosclerosis and diabetes (Danrong et al., 2009). However,
there were a little studies on the comparative differences between
the green tea and fermented tea and also, on the tea fermentation
by new functional microorganisms. The species of genus
Monascus produces monacolin K, which inhibits cholesterol
biosynthesis (Endo, 1980) and stimulate of bone formation and
decrease bone fracture (Edwards et al., 2000; Choi and Yu, 2004).

In this study, post-fermented tea was prepared with green tea
leaves using by Monascus pilosus, as well known functional
microbe, to develop advanced-functional fermented tea, and
antioxidant activities of the teas during fermentation periods were
compared.
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Materials and Methods

Microorganism, medium and tea fermentation. Tea
(Aspalathus linearis) leaves were obtained from Hadong-gun in
Gyeongsangnam-do, Koera in September 2010. Pu-erh tea
identified by Wooricha Culture Association, Inc., Korea
purchased from China’s Yunnam Province. M. pilosus KCCM
60084 for fermentation, obtained from the Korean Culture Center
of Microorganisms. M. pilosus seed culture was prepared as
described by (Youn et al., 2003) and used as a starter. The pH of
all media was adjusted to 6.0 prior to sterilization. 600–700 g of
panned tea leaves were fermented with M. pilosus in a
polypropylene bag with air filter at 30oC for 15 and 30 days. The
fermented teas were sterilized at 121oC for 30 min, then dried at
40oC until the moisture content was 2–3%.
Tea brewing and ethanol extraction. One gram of tea sample
(one tea bag) was brewed one time for 5 min with 100 mL of
boiled distilled water using Tea Extractor (Damian Tea Co.,
Anyang, Korea). And, in order to compare the water soluble and
un-soluble fractions, 70% ethanol extraction was performed three
times, and the extracts was pooled, and filtered through Whatman
No. 2 filter paper.
Content of total polyphenol. Total phenolic content was
determined by the Folin-Ciocalteu method (Minussi et al., 2003).
A sample solution of 100 µL was added to 2 mL of 2% sodium
carbonate, mixed thoroughly and allowed to stand for min. Then,
100 µL of 50% Folin-Ciocalteu reagent was added and the
mixture was mixed well. After incubation for 30 min at room
temperature, the absorbance was measured at 750 nm. A
calibration curve was obtained using various concentrations of
gallic acid (Sigma-Aldrich, St. Louis, MO). The total phenolic
content of the sample was expressed as mg of gallic acid
equivalents per gram of dry sample.
Content of total flavonoid. Total flavonoid content was
determined by the method of Maeda et al. (2005). A sample
solution of 800 µL was added to 2.4 mL of 2% aluminum
chloride, mixed thoroughly and allowed to stand for 10 min at
room temperature; the absorbance was measured at 415 nm. A
calibration curve was obtained using various concentrations of
naringin (Sigma-Aldrich). The total flavonoid content of the
sample was expressed as mg of naringin equivalents per gram of
dried sample.
Contents of theaflavin and thearubigin. Content of theaflavin
(TF) and thearubigins (TR) were measured by the spectrophotometric
methods of Ullah (1986). 10 mL of the tea extracts was mixed
with 3 mL of 1% anhydrous disodium hydrogen phosphate
solution and the mixture was extracted with 10 mL of ethyl
acetate by thoroughly shaking for 1 min. The separated bottom
layer was drained and the ethyl acetate layer (TF fraction)
obtained was used in the analysis.

Extract-1: 10 mL of TF fraction was diluted to 25 mL with
methanol.

Extract-2: To 1 mL of tea extract, 1 mL of 10% (w/v) aqueous
oxalic acid and 8 mL of water were added and increased to 25 mL

with methanol.
Absorbance of E1 and E2 at 380 nm were obtained on the

above two extracts after applying suitable corrections for the
extract strength and actual volumes used. TF and TR were then
calculated as follows:

TF (%)=2.25×E1
TR (%)=7.06×(4 E2−E1)

Xanthine oxidase (XO) inhibitory activity. Milk XO, partial
purified, was obtained from non-sterilized fresh milk by
extraction, ammonium sulfate fractionation and dialysis according
to the method of Özer et al (1999), and stored at −70oC until using
to determine XO activity. The xanthine oxidase inhibitory activity
was evaluated by the method of Stirpe and Della Corte (1969),
which consists of spectrophotometric monitoring of the formation of
uric acid from xanthine. The sample solution (100 µL) was added
to 3.15 mL of 0.1 M phosphate buffer (pH 7.4), partial purified
milk xanthine oxidase and 60 µM xanthine. The reaction mixture
(3.5 mL) was incubated at 30oC for 5 min, and absorbance of the
mixture was measured at 292 nm. The inhibition activity (%) was
calculated using the following formula, (%)=(1−(Asmple/
Acontrol))×100, where Asample is the absorbance of solution when
the sample is added at a particular concentration, and Acontrol is the
absorbance of the reaction mixture without the test compound.
Electron donating ability (EDA). The 1,1-diphenyl-2-picryl-
hydrazyl (DPPH) method was used to determine radical
scavenging activity of the samples according to the method of
Blois (1958). Various concentration of sample solution (0.2 mL)
were added to 2.8 mL of ethanolic DPPH (0.2 mM) and mixed
thoroughly. The mixture was left to stand for 30 min in the dark
at room temperature and the absorbance was measured at 520 nm.
The EDA (%) was calculated using the following formula, EDA
(%)=(1−(Asample/Acontrol))×100, where Asample is the absorbance of
solution when the sample is added at a particular concentration,
and Acontrol is the absorbance of the DPPH solution.
Superoxide dismutase (SOD) like activity. SOD-like activity
was estimated by the method of Martin et al. (1987). Sample
solutions (100 µL) were added to 3.0 mL of 50 mM phosphate
buffer (pH 7.4) containing 1 mM EDTA and 60 µL of 5 mM
hematoxylin, and mixed throughly. The mixture was incubated at
25oC for 5 min and the absorbance was measured at 560 nm. The
results were expressed as the percentage of inhibition of hematoxylin
autooxidation rate with respect to the reaction mixture without the
test compound.
Ferric reducing antioxidant power assay. Ferric reducing
antioxidant power (RP) of tea sample was determined by the
method of Oyaizu (1986). Briefly, 0.75 mL of extract was mixed
with 0.75 mL of 0.2 M phosphate buffer (pH 6.6) and 0.75 mL of
1% potassium ferricyanide. Reaction mixture was incubated at
50oC for 20 min. After incubation, 0.75 mL of 10% trichloroacetic
acid was added and centrifuged at 1,000×g for 20 min. 1.5 mL
solution from the upper layer was collect and mixed with 1.5 mL
of distilled water and 0.3 mL of 0.1% ferric chloride. Absorbance
of all the sample solutions was measured at 700 nm. Ascorbic acid
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is used as a positive control. RP value is expressed as the
absorbance of 700 nm.
Iron chelating activity. The iron chelating activity of tea sample
was measured by Dinis et al. (1994) with little modifications.
1 mL of extract with different concentrations was mixed with
3.7 mL of methanol, and then the mixture was mixed with 0.1 mL
of 2 mM ferrous chloride and 0.2 mL of 5 mM ferrozine for 10
min at room temperature. The absorbance was measured at
562 nm against a blank in which the extract was not added. The
% age inhibition was calculated as: % Inhibition=B0-B1/B0×
100. Where, B0 is the absorbance of control, B1 is the absorbance
of reaction mixture.
Content of Hydrogen peroxide. Hydrogen peroxide in tea
sample was determined according to the method (Long et al.,
1999) with minor changes. Briefly, 0.18 mL of samples were
mixed with 40 µL high-performance liquid chromatography
(HPLC)-grade methanol and 3.6 mL of FOX reagent (prepared in
advance by mixing 9 volumes of 4.4 mM BHT in HPLC-grade
methanol with 1 volume of 1 mM xylenol orange and 2.56 mM
ammonium ferrous sulfate in 0.25 M H2SO4) was added. The
reaction mixture was then vortexed and incubated at room
temperature for 10 min. The absorbance of the ferric-xylenol
orange complex was measured at 560 nm. All tests were carried
out six times and sodium pyruvate was used as the reference
compound (Floriano-Sánchez et al., 2006).
Sensory evaluation. Sensory tests of fermented tea samples were
evaluated according to the 5 point degree (Herbert and Jeol, 1993)
by 25 panels of the Woori Tea Culture Association in Korea. The
sweet taste, sour taste, astringent taste and savory taste of tea
samples were ranked as very low (1 point), low (2 points),
moderate (3 points), strong (4 points) or very strong (5 points),
and flavor, color and overall acceptability were evaluated by a
scale of very poor (1 point), poor (2 points), moderate (3 points),
good (4 points) or very good (5 points). 

Statistical analysis. Values for the antioxidative contents such as
total phenolic and flavonid, and the activities of antioxidants are
mean ± SDs of triplicate determinations. And, sensory values were
represented as mean ± SD of 3 measurements and 25 panels,
respectively. Significance test were carried out by doing a two-
way ANOVA test followed by Duncan’s multiple range test using
SPSS statistical software (Version 12.0, SPSS Inc., Chicago, IL).
A p value <0.05 denoted the presence of statistically significant
difference.

Results and Discussion

Content of total polyphenol and flavonoid. Total polyphenol
and total flavonoid contents in the water and ethanol extracts of
the M. pilosus fermented green tea for 15 days (TM15) and 30
days (TM30) were lower than those of green tea (GT) and Pu-erh

(PU). Furthermore, the contents in ethanol extract of all TMs were
lower than those of water extract (Fig. 1). Generally, it is reported
that polyphenol contents in tea are dependent on degree, period
and process of fermentation, and these contents decrease when tea
is fermented for long periods (Zuo et al., 2002). Therefore, this
result indicated that low contents of total polyphenol and total
flavonoid in TMs may be due to high degree of fermentation by
M. pilosus in spite of short duration. Zuo et al. (2002) reported
that catechins as a representative component of green tea leaf
could convert to water soluble flavonoids due to oxidation by
polyphenol oxidase during fermentation.
Contents of theaflavin and thearubigin. Theaflavin and
thearubigin contents of water and ethanol extracts in TM15 and
TM30 were higher compared with that of GT. While, these
components were increased depending on the period of
fermentation by M. polosus, these contents in all TMs were lower
than those of PU. Whereas the content of theaflavin in water and

Fig. 1 Contents of total polyphenol and total flavonoid of teas fermented by M. pilosus. Abbreviations: See Fig. 1. PU; Unnam Pu-erh tea. Values are
mean ± SDs of triplicate determinations. Different superscripts on the same bars (a-e and A-F) indicate significantly differences (p <0.05).
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ethanol extract of PU were 1.8 and 8.7%, these in water and
ethanol extract of TM15 and TM30 were 1.0–1.6% and 2.9–3.6%,
respectively. On the other hand, the content of thearubigin in
TM30 was not significantly different from PU (Fig. 2). It has been
reported that the content of catechin is decreased during formation
of theaflavin and thearubigins (Ngure et al., 2009), and stimulation
of catechin oxidation could more rapidly convert to theaflavin and
thearubigins (Tanaka et al., 2009). The decrease in polyphenols
suggests that a considerable part of it could have been converted
to flavonoid as thearubigins during fermentation by M. pilosus.
EDA and ferric reducing antioxidant power. The results of
EDA and ferric reducing antioxidant power (RP) are shown in the
Fig. 3. EDA and RP in the teas were decreased by the
fermentation of M. polosus. While the values of EDA in water

extracts of tea were lower than those of ethanol extracts, the
values of RP in the water extracts of the teas were higher
compared with ethanol extracts. Furthermore, EDA in water and
ethanol extract between PU and TM15 were similar as 41, 40, and
58, 56%. Additionally, while, RP values (absorbance at 700 nm)
in water extract in TM15, TM30 and PU were 0.16, 0.12, and
0.23, those of ethanol extracts were 0.11, 0.05, and 0.05,
respectively. Sang et al. (2003) reported that newly generated
theaflavin of post-fermented tea has strong antioxidative activity
(anti-lipid peroxidation) in rabbit hepatic tissue. The fermented
green tea by M. pilosus having strong EDA and RP could be a
rapidly manufacturing method of post-fermented tea compared
with PU.
XO inhibitory activity and SOD-like activity. XO inhibitory

Fig. 2 Contents of theaflavin and thearubigin of teas fermented by M. pilosus. Abbreviations: See Fig. 1. PU; Unnam Pu-erh tea. Values are
mean ± SDs of triplicate determinations. Different superscripts on the same bars (a-e and A-G) indicate significantly differences (p <0.05).

Fig. 3 Electron donating ability and reducing power of teas fermented by M. pilosus. Abbreviations: See Fig. 1. PU; Unnam Pu-erh tea. Values are
mean ± SDs of triplicate determinations. Different superscripts on the same bars (a-e and A-F) indicate significantly differences (p <0.05).
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activity and SOD-like activity are shown in Fig. 4. In the XO
inhibitory activity of water extract, TM15 (67%) was higher than
those of GT (56%), TM30 (29%) and PU (30%). Whereas, these
activities in the ethanol extract of PU and GT were 0.6–0.7% very
low, those in TMs were increasing tendency from 6.6% (TM15)
to 11.7% (TM30) depending on the period of fermentation.
Additionally, SOD-like activity (units) in both water and ethanol
extracts were decreasing tendency depending on the period of
fermentation, and these activities of TM15 and TM30 were higher
than those of PU. These results indicated that compounds such as
theaflavin and thearubigin having XO inhibitory activity and
SOD-like activity could be produced by fermentation. It is well
documented that XO utilizes oxygen as an electron acceptor and
generates ROS such as superoxide anion radicals and hydrogen
peroxide under pathophysiological conditions including ischemia-

reperfusion injury (Brass et al., 1991; Hasan et al., 1991;
Sanhueza et al., 1992; Kayyali et al., 2001) and diabetes (Desco
et al., 2002). And, it is widely accepted that the ubiquitous SODs
catalyze the disproportionation of superoxide to hydrogen
peroxide, which is less toxic (McCord and Fridovich, 1969;
Fridovich, 1997). Furthermore, it is well known that the
compounds of low molecular weight having non-enzymatic
superoxide scavenging ability are regarded as SOD-like activity
(Kitani et al., 2002). Therefore, SOD-like activity is regarded as a
preventive parameter of oxidative damages (Shin et al., 2006).
Iron chelating activity and content of hydrogen peroxide. Iron
chelating activity and hydrogen peroxide content in teas are
shown in Fig. 5. While, the iron chelating activity in water extract
of TM15 (48%) was slightly higher tendency than those of GT
(40%) and TM30 (45%), this activity was significantly higher

Fig. 4 SOD-like activity and XO activity of teas fermented by M. pilosus. Abbreviations: See Fig. 1. PU; Unnam Pu-erh tea. Values are mean ± SDs of
triplicate determinations. Different superscripts on the same bars (a-e and A-E) indicate significantly differences (p <0.05).

Fig. 5 Iron chelating activity and hydrogen peroxide content of teas fermented by M. pilosus. Abbreviations: See Fig. 1. PU; Unnam Pu-erh tea. Values
are mean ± SDs of triplicate determinations. Different superscripts on the same bars (a-e and A-E) indicate significantly differences (p <0.05).
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than that of PU (38%). On the other hand, those activities in
ethanol extract both TM15 and TM30 (37–38%) were slightly
higher than that of GT (32%), but slightly lower than that of PU
(42%). Whereas, the contents of hydrogen peroxide in both TM15
and TM30 (2.2–8.4 µM) were markedly lower than that of GT
(16.5–36.5 µM), these contents in all TMs were similar to the PU
(4.9–6.7 µM). The main strategy to avoid ROS generation that is
associated with redox active metal catalysis involves chelating of
the metal ions. Antioxidants inhibit interaction between metal and
lipid through formation of insoluble metal complexes with ferrous
ion (Hsu et al., 2003). Water extract of M. pilosus fermented tea
may interfere with the formation of ferrous and ferrozine complex
via captures of ferrous ion. Differences of hydrogen peroxide
content can be due to differences in species of tea, growth
environment and/or harvest time and so on.
Sensory evaluation. Table 1 shows the sensory test results for the
1% hot water extract of tea samples such as PU, GT, TM15 and
TM30. Sweet taste of TM15 was significantly higher than that of
GT, and there were no significant differences between TM15 and
PU. Sour tastes of all the samples were below 2.06 points (low),
but it was increased depending on the period of fermentation. On
the other hand, astringent taste was decreased depending on the
period of fermentation. The values of astringent taste in TM30
were 1.20 points, which was significantly lower than that of PU.
Whereas, savory taste was decreased depending on the period of
fermentation, the values of TM15 were higher than that of PU.
Meanwhile, flavor acceptability in PU, GT, TM15, and TM30 was
2.46, 3.70, 3.50, and 3.15 points, respectively. It is well known
that flavor acceptability of Chinese Pu-erh tea is relatively lower
estimate owing to moldy odor. Furthermore, color acceptability of
TM15 (3.78 points) and TM30 (3.80 points) was higher than that
of GT (2.86 points), and the color is light reddish brown like color
of a commercial Pu-erh tea, PU (4.16 points). In addition, overall
acceptability of PU, GT, TM15 and TM30 were 4.11, 3.22, 4.05,
and 3.84 points, respectively. 

It has been widely accepted that oxidative damage to cell
membrane is condition in a number of metablic syndrome
including atherosclerosis, diabetes, and aging (Danrong et al.,

2009). This study suggests that the green tea fermented by M.

pilosus was valuable for oxidative stress-induced diseases by
decreasing hydrogen peroxide, and forming theaflavins and
thearubigins with functionality of genus Monascus. However,
more detailed work is required on the antioxidative effect in vivo

systems to determine their exact mechanism of action.
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