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Antioxidant Activity of the Different Parts of Dokudami
(Houttuynia Cordata Thunb) and the Effects of
Manufacturing Processes on the Polyphenol Content,
Antioxidant Activity, and Color Tone of Its Tea

Mina KANOU' and Yoko TSURUNAGA'*

This study examined the antioxidant activity of the different parts of the Dokudami (Houttuynia cordata
Thunb) plant and the effects of manufacturing processes on the color tone of its tea. Moreover, the effects of

the manufacturing process on the total polyphenol content (TPC), antioxidant activities (by 1, 1-diphenyl-
2-picrylhydrazyl (DPPH) radical scavenging activity, and hydrophilic oxygen radical antioxidant capacity
(H-ORAC) assay) of the Dokudami tea were elucidated. The values of the TPC and antioxidant activities of the
different parts of the Dokudami plant decreased in the order of flower > leaf > petiole > stem. Furthermore,

the manufacturing process had a greater impact on the a value of the Dokudami tea than the L  and b" values.
TPC and antioxidant activity of the steam treated tea showed higher values than untreated and other-treated
tea, while fermentation had the opposite effect. The drying method and roasting treatment were found to have

a negligible effect.
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INTRODUCTION

The Dokudami (Houttuynia cordata Thunb) plant has a
unique odor, and in Japan, the dried whole Dokudami plant
is used to prepare Dokudami tea. In addition, in China and
Vietnam, the fresh leaves of Dokudami are consumed in
salads and in spring rolls, while the dried whole plant, in
addition to the stem and leaf, have been used in Japanese
and Chinese folk medicine.

In terms of its biological activity, Dokudami has been
reported to exhibit anti-inflammatory properties for the
treatment of severe acute respiratory syndrome (SARS)
(Lu et al. 2006; Lau et al. 2008), and is also known to
prevent infection by the herpes simplex virus (HSV)
by blocking the action of NF-kB (Chen et al. 2011).
Furthermore, Dokudami has also been shown to exhibit
antioxidant properties (Nuengchamnong et al. 2009),
more specifically, presenting a high 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radical scavenging activity. This

is attributed to the fact that it contains a number of

antioxidant components, including quinic acid derivatives,
caffeic acid derivatives, procyanidin B, neo-chlorogenic
acid, catechins, chlorogenic acid, crypto-chlorogenic acid,
and quercetin hexoside. Chen et al. (2003) reported that
Dokudami showed both antioxidative and antimutagenic
properties using an oxidized frying oil-fed model. A
number of experiments have been performed in relation
to the components and functions of Dokudami.

Various reports on the effect of the manufacturing
process on the contents of functional components in
healthy teas have also been published. We previously
reported that during tea manufacturing, the steaming time
(Tsurunaga et al. 2004; Tsurunaga et al. 2006), drying
method (Katsube et al. 2009), roasting temperature and
time (Tsurunaga et al. 2005), and fermentation process
can influence the ascorbic acid, flavonoid, and polyphenol
contents, thereby affecting the antioxidative activity.
However, no reports currently exist that examine the
effect of the tea processing method on the antioxidative

activity and functional component content of Dokudami
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Roasting (for 0, 1 or 5 min at 150°C or 200°C)

Fig.1

tea. We assumed that the functional component contents of
Dokudami tea are affected by the manufacturing process,
like other plants. Therefore, the aim of this study is to
determine the effect of the manufacturing processes,
which includes the steam treatment, drying method,
fermentation processing, and roasting treatment, on the
total polyphenol content (TPC) and antioxidant activity
[by DPPH and hydrophilic oxygen radical antioxidant
capacity (H-ORAC) assay] of the final tea sample. In
addition, although antioxidant activity of whole Dokudami
has been clarified by previous studies (Tian et al. 2011;
Lou et al. 2019), antioxidant activity of each part has not
been clarified. By measuring the antioxidant activity of
each part of Dokudami, we can provide new information on
the antioxidant activity of Dokudami as well as enable the
production of food products such as Dokudami tea, which
is limited to parts with high antioxidant activity. Therefore,
initially we measured the TPC and antioxidant activity of
the different parts of the Dokudami plant, namely, the leaf,
the petiole, the flower, and the stem, and subsequently
determined the effects of steam treatment, the drying
method, fermentation processing, and roasting treatment

on the TPC, antioxidant activity, and color tone of the tea.
MATERIALS AND METHODS

Materials

The Dokudami samples (leaf, petiole, flower, and stem)
used for the measurements were collected from the
grounds of Shimane University in Shimane Prefecture in
Japan, in September 2017. These samples were freeze-
dried and powdered for subsequent analyses. Powdering
involved grinding of the samples in an Oster blender
(Sunbeam Oster, Inc., Boca Raton, FL) for 2 min, and
subsequent sifting through a 1 mm mesh sieve. DPPH
(95%), Folin-Ciocalteu reagent (2 N), Trolox (97%),
2,2'-azobis (2-amidinopropane) dihydrochloride (AAPH,
95%), and ethanol (99.5%) were obtained from Wako

(643)

Manufacturing process of Dokudami tea

Chemicals, Ltd. (Osaka, Japan). Fluorescein sodium salt (1
mg/mL in pure water) for the ORAC assay were obtained
from Sigma-Aldrich Chemie GmbH (Steinheim, Germany).

Manufacturing of Dokudami tea

The whole Dokudami was divided into lots of 300 g
and steamed for 0 or 1 min. After steam treatment, the
samples were dried using an air-drying machine (for 12 h
at 60°C) or using the shade-drying technique (for 7 d at
25°C). After drying, roasting treatment was performed for
0, 1, or 5 min at 150 or 200°C. For fermentation treatment,
the samples were shade-dried as described above after
massaging for 30 min. The samples were then powdered
using an Oster blender (SUNBEAM OSTER) for 2 min
prior to sifting through a 1 mm mesh sieve.

Extraction method

The prepared powdered samples (100 mg) were added
to pure water (20 mL) and extracted for 10 min using
boiling water. After this time, the volume was adjusted to

50 mL using pure water.

TPC

The total soluble polyphenol content of each sample
was determined according to the method reported by
Folin (Goldstein & Swain 1965). More specifically, the
extract (90 uL), the Folin-Ciocalteu reagent (90 ul), and
10% sodium carbonate (90 uL) were mixed in the well of
a 96-well microplate. After incubation for 60 min at room
temperature, the reaction color was measured using a
microplate-reader (SH-9000Lab, CORONA ELECTRIC Co.,
Ltd., Ibaraki, Japan) at 690 nm. The TPC was expressed
catechin (CTN) equivalent per dry weight (mg CTN
eq/100 g DW).
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1, 1-Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging
activity assay

The antioxidant activity of the crude extract was
evaluated using a DPPH radical scavenging assay.
More specifically, the previously prepared hot water
extract (70 pul), a 99.5% ethanol (70 uL), and a 0.2 M
2-(N-morpholino) ethanesulfonic acid (MES) buffer (70
pL) at pH 6.0 were pipetted into a 96-well microplate.
The reaction was initiated by adding 200 ptM DPPH in
ethanol (70 pL). After allowing to stand for 20 min at room
temperature, the absorbance of the mixture was measured
at 540 nm using a microplate-reader (SH-9000Lab). The
DPPH value was expressed as pmol Trolox equivalent per
dry weight (umol TE/g DW).

H-ORAC assay

The extracted samples were diluted with the assay
buffer solution (75 mM phosphate buffer solution, pH
7.4), then filtered through a 0.45 pm filter (Advantec Toyo
Kaisha Ltd.). A fluorescence plate reader (SH-9000Lab)
was used to measure the fluorescence intensity of
fluorescein at 37°C after adding the test liquid or a Trolox
solution (35 puL) followed by a fluorescein solution (115
pL, 110.7 nmol/L) and an AAPH solution (50 pL, 31.7
nmol/L) to the wells of a 96-well microplate (#3072,
Becton-Dickinson). Fluorescence readings were taken
at an excitation wavelength of 485 nm and a detection
wavelength of 520 nm at 2 min intervals over 90 min. The
H-ORAC value was expressed in Trolox equivalent per dry
weight (umol TE/g DW).

Color tone

The L', a’, and b’ values of the powdered samples were
measured using a spectrum colorimeter (CR-13, Konica
Minolta, Tokyo, Japan).

HPLC analysis

Studies have reported the presence of several
antioxidants in Dokudami (Meng et al. 2009; Xu et al. 2006;
Yang et al. 2014). Chlorogenic acid, rutin, quercitrin, and
quercetin in freeze-dried whole Dokudami and Dokudami
tea were analyzed by a quantitative HPLC system
(LaChrom, Hitachi, Ltd., Tokyo, Japan), by comparisons
with standard compounds using a ODS-80A 5 ym column
(4.6 x 250 mm) (GL Sciences Inc. Tokyo, Japan); a solvent,
acetonitrile/0.1% formic acid (20:80); UV detection, 280 nm
(0-7.5 min) and 370 nm (7.5 min-); and velocity of fluid

14

Vol. 72 No. 10

(644)

(2021)

1 mL/min.

Statistical analysis

The results of the various measurements are expressed
as means = SE. Data were tested by one-way ANOVA,
followed by the Tukey test for multiple comparisons (p <
0.05) using SPSS (ver. 25, IBM, Inc., Chicago, USA). In the
case of the two treatments, data were tested by the t-test
(p < 0.05) using SPSS.

RESULTS AND DISCUSSION

TPC and DPPH and H-ORAC values of different
parts of the Dokudami plant

The determined TPC and DPPH and H-ORAC values of
the different parts of the Dokudami plant are presented
in Fig.2. More specifically, for the flower, leaf, petiole,
and stem fragments, the TPCs were 9,026 + 164, 3,963
+ 134, 2,204 = 108, and 562 = 71 mg CTN eq/100 g DW,
respectively; the DPPH values were 471 + 5, 192 * 6,
128 = 7, and 7 = 9 ymol TE/g DW, respectively; and the
H-ORAC values were 2,411 = 87, 1,287 £ 9, 962 = 56,
and 325 = 39 umol TE/g DW, respectively. Overall, the
values decreased in the order flower > leaf > petiole >
stem. For comparison, Ksouri et al. (2009) reported that
higher TPC and DPPH values were observed in the leaves
than in the flowers of Tamarix gallica L., while Shabir et
al. (2011) reported higher DPPH activity in the flowers
and leaves of Delonix regia (Bojer ex Hook.) than in the
bark. In addition, Deng et al. (2015) compared the TPC,
DPPH, and H-ORAC values of the leaves and bark of
Solidago canadensis L., reporting higher activities in the
leaves. Furthermore, Nam et al. (2012) reported that the
antioxidant activity of mulberry leaves (Morus alba L.)
was higher than that of the stem. Lachowicz et al. (2020)
reported the same for the antioxidant activity of the flowers
and leaves of Great burnet (Sanguisorba officinalis L.).
These results support our finding that higher antioxidant
activities tend to be found in the flowers and leaves.

In our study, we measured the TPC, DPPH value, and
H-ORAC value to determine the antioxidant capacities
of different parts of the Dokudami plant, and observed
similar trends for all three parameters (Fig.2). Therefore,
we subsequently decided to examine the correlation
between the three assays; positive correlations were
observed in all cases (Fig.3). More specifically, the TPC
and the DPPH value had a correlation of R? = 0.9712,
the H-ORAC value and the TPC had a correlation of
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Fig.2 TPC, DPPH radical scavenging activity, and

H-ORAC value for the different parts of Dokudami
(Houttuynia cordata Thunb)
TPC: Total polyphenol content
DPPH value: DPPH radical scavenging activity value
H-ORAC value: Hydrophilic oxygen radical absorbance capac-
ity value
The results were obtained via the Tukey test for multiple
comparisons. Different letters signify significant value differ-
ences of 5%.
The values were expressed as the standard reagents equiva-
lent per dry weight.

R? = 0.9708, and the H-ORAC and DPPH values had a
correlation of R? = 0.9749. Based on these results, we
conceived that high TPC was responsible for the high
DPPH and H-ORAC values in the flowers and leaves. In
addition, the TPC, DPPH, and H-ORAC values of flowers

(645)

showed the highest values, which were considered
as follows. Fu et al. (2013) reported that the spikes of
Dokudami contain flavonoids, such as rutin, hyperin,
afzelin, quercitrin, and isoquercitrin. Furthermore, Goto
(2019) stated that plants produce antioxidants such as
flavonoids that absorb most light in the ultraviolet region
of 230-320 nm to protect themselves from oxidative stress
caused by ultraviolet rays. Based on this, it was inferred
that the TPC, DPPH, and H-ORAC values of flowers, which

are essential for reproduction, showed the highest values.

Effect of manufacturing processes on the color tone
of Dokudami tea

Table 1 shows the effects of different manufacturing
processes on the L', a, and b’ values of Dokudami tea,
representing brightness, green-red tones, and blue-
yellow tones, respectively. For machine drying (MD) and
shade drying (SD), steaming for 1 min (S area) yielded
higher L and a” values than those obtained for the non-
steamed areas (NS areas). These results indicate that
steam treatment brightens the color of the tea leaves
and reduces the degree of green tones. Normally, heat
treatment is used to maintain the green color due to
the inactivation of chlorophyllase; however, this did not
appear to be the case based on our results. It has also
been reported that under acidic conditions, chlorophyll
forms pheophytin, leading to a reduced degree of green
color in the leaves. Dokudami leaves reportedly contain
organic acids, such as chlorogenic acid, quinic acid, and
caffeic acid, (Fu et al. 2013), which likely contribute to
such a transformation. Furthermore, in the NS area, the
MD samples showed significantly higher L', a’, and b’
values than the SD samples, although less pronounced
differences were observed in the S area. Although Table
1 does not show the L', a’, and b’ values of freeze-dried
whole Dokudami, they were 57.0 = 1.3, -5.8 = 0.1, and
28.0 = 0.7, respectively. Regarding the drying method, in
MD, the a’ value increased to 3.0 = 0.0, irrespective of the
presence of steam treatment, and in SD, S area was 2.2
+ 0.0 and NS area was 0.0 = 0.1. In this experiment, we
clarified that drying at 60°C increased the a’ value more
than drying at 25°C. In order to compare the effect of the
drying temperature on the color tone, it was considered
necessary to increase the number of treatment groups for
the drying temperature in future research. In addition,
following roasting, the area heated at 200°C exhibited a

significantly lower L' value and a higher a value than

15



HAZRBU 2 Vol. 72 No. 10 (2021)

600
500 y =0.0529x - 8.398 .
R?=0.9712 % o
S 400
g3
T
T E 300
o .
= 200 ._,..-i
°
0.‘.-'
100 -~
0 L%
0 2000 4000 6000 8000 10000 12000
TPC
(mg CTN eq/100 g DW)
3000
2500 y = 0.2446x + 297.4 -
R?=0.9708
2000
[}
RS
X 1500
== ° 4
o2 °
I g 1000 .-
500 | .-
¢
[
0
0 2000 4000 6000 8000 10000 12000
TPC
(mg CTN eq/100 g DW)
3000
2500 y = 4.5107x + 353.65 o
R2=0.9749 P
— 2000
£
©
5 %" 1500 ’
Z s ° 8
£ § 1000 2
500 | .-
[ I
[
0
0 100 200 300 400 500 600

DPPH value
(umol TE/g DW)
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H-ORAC values for different parts of Dokudami (Houttuynia cordata

Thunb)
TPC: Total polyphenol content
DPPH value: DPPH radical scavenging activity value
H-ORAC value: Hydrophilic oxygen radical absorbance capacity value
The values were expressed as the standard reagents equivalent per dry weight.
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Table1 Effects of treatment conditions on the color tone value of Dokudami tea

treatment area name color
Steaming Drying L' value a value b’ value
NS-MD non 544 += 0.1° 3.0 = 0.0° 30.7 = 0.0°
machine
S-MD 1 min 58.7 = 0.2°¢ 3.0 = 0.0° 28.0 = 0.1°
Steaming/Drying = e
NS-SD non 50.4 = 0.7 % 0.0 = 0.1° 24.0 = 0.1°%
shade
S-SD 1 min 57.3 = 0.2° 22 = 00° 277 = 0.1°
Roasting Drying
NR non 50.4 = 0.7 0.0 = 0.1° 240 = 0.1°
R150-1 150°C 1 min 51.0 = 0.1 °¢ 0.2 = 0.1° 245 = 0.1°
Roasting
R150-5 150°C 5 min shade 50.7 = 0.2 °¢ 1.6 = 0.0° 25,5 = 0.0 °
R200-1  200°C 1 min 492 + 02" 25 = 0.0 251 = 0.0¢
R200-5 200°C 5 min 45.3 = 0.1° 7.0 £ 0.0° 23.6 = 0.0°
Fermentation Drying
Fermentation NF non 50.4 = 0.7 0.0 = 0.1 240 = 0.1
shade * * *
F massaging 30 min 56.6 = 0.1 4.1 = 0.0 24.8 = 0.0

S: steaming for 1 min

NS: non-steaming

SD: shade-drying

MD: machine-drying

NR: non-roasting

R150-1: after shade-drying roasting treatment at 150°C for 1 min
R150-5: after shade-drying roasting treatment at 150°C for 5 min
R200-1: after shade-drying roasting treatment at 200°C for 1 min
R200-5: after shade-drying roasting treatment at 200°C for 5 min

F: fermentation by massaging for 30 min followed by shade drying

NF: non-fermentation followed by shade drying

Steaming/drying and roasting results were obtained via the Tukey test for multiple comparisons. Different letters signify signifi-
cant value differences of 5%; fermentation results were obtained via t-tests.

the area heated at 150°C, but no constant trend was
observed for the b’ value. We therefore surmised that
roasting increases the production of melanoidin by the
aminocarbonyl reaction, thereby promoting the browning
process and producing a darker color. The L, a’, and b’
values were also significantly higher in the fermented area
(F area) than in the non-fermented area (NF area), likely
due to enhanced oxidation by polyphenol oxidase upon
massage treatment, which in turn facilitated the browning
reaction (Kim et al. 2011).

Effect of manufacturing processes on the TPC, DPPH
value, and H-ORAC value of Dokudami tea

Fig.4A, 4B, and 4C show the effects of manufacturing
processes on the TPC, DPPH value, and H-ORAC value of
Dokudami tea. More specifically, the TPC value in the NS

area was significantly higher for the SD samples (3,647
+ 105 mg CTN eq/100 g DW) than for the MD samples
(3,211 £ 58 mg CTN eq/100 g DW) (p < 0.05) (Fig.4A),
although no differences were observed in the S area upon
changing the drying method. No significant differences
in the DPPH and H-ORAC values were observed between
the S and NS areas for different drying methods (Fig.4A).
Notably, the studies conducted by Tsurunaga et al. on the
effects of the manufacturing processes on the properties
of bayberry leaf tea and persimmon leaf tea (Tsurunaga
et al. 2006; Tsurunaga et al. 2004) showed that the TPC
and DPPH value tended to be lower for SD samples
than for MD samples. However, we found that the TPC
in the NS area was higher for the SD samples (3,647 =
105 mg CTN eq/100 g DW) than for the MD samples
(3,211 = 58 mg CTN eq/100 g DW). This may be due to

(647) 17
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Fig.4 Effect of treatment conditions on the TPC, DPPH radical scavenging activity, and H-ORAC value of Dokudami tea
S: steaming for 1 min
NS: non-steaming
SD: shade drying
MD: machine drying
NR: non-roasting
R150-1: after shade-drying roasting treatment at 150°C for 1 min
R150-5: after shade-drying roasting treatment at 150°C for 5 min
R200-1: after shade-drying roasting treatment at 200°C for 1 min
R200-5: after shade-drying roasting treatment at 200°C for 5 min
F: fermentation by massaging for 30 min followed by shade drying
NF: non-fermentation followed by shade drying
TPC: Total polyphenol content
DPPH value: DPPH radical scavenging activity value
H-ORAC value: Hydrophilic oxygen radical absorbance capacity value
The values were expressed as the standard reagents equivalent per dry weight.

the decomposition of components during the prolonged whole Dokudami was 3,627.2 = 54.1 mg CTN eq/100
heating (12 h) at 60°C for the MD method; however, we g DW, 164.8 = 10.1 pmol TE/g DW, and 1,219.1 = 71.8
were unable to clarify this. Although not shown in Fig.4, umol TE/ g DW, respectively. In case of TPC, NS-MD
the TPC, DPPH, and H-ORAC values of freeze-dried was 3,210.7 = 57.6 mg CTN eq/100 g DW, which was
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significantly lower than FD (3,627.2 = 54.1 mg CTN
eq/100 g DW). However, NS-SD was 3,647.4 = 104.9 mg
CTN eq/100 g DW, showing no significant difference
compared to FD. In addition, there was no significant
difference between FD, NS-MD, and NS-SD in DPPH and
H-ORAC values. From this experiment, it was clarified that
during the manufacturing of Dokudami tea, the drying
temperature only affected the TPC, and that the TPC when
dried at 60°C was significantly lower than that when dried
at 25°C. For steam treatment, the TPC, DPPH value, and
H-ORAC value were higher in the S areas for both MD
and SD samples (Fig.4B). Since steam treatment is known
to deactivate various enzymes via protein denaturation,
the higher TPC in the S area was likely due to the
inactivation of polyphenol oxidase (Ozturk et al. 2016;
Xiao et al. 2017; Lin et al. 2012). For roasting treatment,
the areas treated at high temperatures for longer periods
(200°C, 5 min) presented higher TPC and DPPH value
than other treatment areas, while the H-ORAC value was
unaffected by roasting. We attributed these results to the
fact that the generation of browning substances upon
roasting via the promoted non-enzymatic aminocarbonyl
reaction was due to the production of melanoidin, which
reportedly exhibits antioxidant properties (Anese et
al. 1999; Bedinghaus & Ockerman 1995; Hwang et
al. 2001). In the color tone, the a value of the sample
roasted at 200°C for 5 min was large, which suggests
that melanoidin was produced. It was suggested that the
H-ORAC value was not affected by roasting because the
measurement principles of H-ORAC and DPPH assay
are different. Ohtani et al. (2007) reported that in natto,
melanoidin-related substances produced by aging are
mainly involved in the DPPH radical scavenging activity.
In addition, the measurement principle of the H-ORAC
assay is different from the other two assays. Watanabe et
al. (2009a) stated that the measurement principle of the
Folin-Ciocalteu method and the DPPH radical scavenging
assay is the ET (Electron Transfer) reaction and that the
measurement principle of the H-ORAC method is the
hydrogen atom transfer (HAT) reaction. In addition, they
compared the ORAC values of typical antioxidants with
values obtained by several other assays and reported
that there was no correlation between the ORAC and
DPPH assay. From the above, the melanoidin produced
by the aminocarbonyl reaction by roasting in Dokudami
tea was thought to be particularly involved in the DPPH
radical scavenging activity, and it was considered that

(649)

the H-ORAC value, a measurement principle different
from the DPPH value, was not affected by roasting.
Furthermore, Hamauzu (2020) reported the formation
of cyanidin and low-molecular-weight phenolic acid,
which is considered a decomposition product of cyanidin
by heating procyanidins, and increasing in antioxidant
activity. Therefore, it was suggested that the TPC and
DPPH values of Dokudami tea were higher by roasting
treatment was related to the formation of melanoidin
and the degradation and molecular weight reduction
of polyphenols by heat. Moreover, the aminocarbonyl
reaction proceeds further upon increasing the extent of
heating, accounting for the differences between roasting
treatments at higher and lower temperatures. It was
also found that fermentation treatment (F area) led to a
significantly lower TPC, DPPH value, and H-ORAC value
than when no fermentation was carried out (NF area) (p
<0.01) (Fig.4C). More specifically, while the TPC, DPPH
value, and H-ORAC value of the NF area were 3,647 +
105 mg CTN eq/100 g DW, 163 = 9 ymol TE/g DW, and
964 = 41 ymol TE/g DW, respectively, lower values were
detected in the F area, i.e., 832 = 41 mg CTN eq/100 g
DW, 72 = 16 ymol TE/g DW, and 345 + 48 pymol TE/g
DW, respectively. For our study, fermentation treatment
was conducted by massaging the sample for 30 min. For
green tea, massage treatment leads to the polymerization
of catechin to produce theaflavin via polyphenol oxidase
activity, thereby reducing the soluble polyphenol content
and the antioxidant properties (Tanaka et al. 2010; Wang
& Ho 2009). Since quercetin, rutin, and isoquercitrin are
the main polyphenol components in Dokudami tea (Yang
& Jiang 2009), we assumed that these polyphenols were
oxidized by polyphenol oxidase, leading to a phenomenon

similar to that observed in green tea.

Effect of manufacturing processes on polyphenols of
Dokudami tea

Fig.5 shows HPLC profiles of four types of polyphenol
(chlorogenic acid, rutin, quercitrin, quercetin) and freeze-
dried Dokudami extracts. In freeze-dried Dokudami,
chlorogenic acid and quercitrin were detected in large
peaks, and rutin and quercetin were hardly detected.
Based on this result, we decided to measure the
chlorogenic acid and quercitrin contents in the Dokudami
tea sample.

Fig.6 shows the effects of manufacturing processes on

chlorogenic acid and quercitrin. In the steamed samples,
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Fig.5 Chromatogram of Dokudami main polyphenol (Chlorogenic Acid, Rutin, Quercetin, Quercitrin) mixture
(STD) and Freeze-Dried whole Dokudami (FD)

the chlorogenic acid content in S areas were higher than
NS areas. On the other hand, the chlorogenic acid content
in F area was lower than NF area. Moreover, compared
with chlorogenic acid, quercitrin had a smaller change in
content due to manufacturing processes. In addition, both
chlorogenic acid and quercitrin were less affected by the
roasting treatment than the other treatments. The results
of HPLC analysis suggested that chlorogenic acid might
affect the TPC, DPPH, and ORAC values.

In this study, it was clarified that the “teaming” process
enhances the antioxidant activity, but the effect on the taste,
for example, by sensory tests, was not examined. Taste is
one of the major factors affecting the sale of healthy tea

and thus increases the number of consumers. In this study,
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fermentation reduced antioxidant activity, but previous
studies have reported that fermentation can improve tea
flavor and other functionalities (Matsuura et al. 2014;
Watanabe et al. 2009b). In the future, we would like to
examine and clarify the effect of the manufacturing process

on the taste in detail and the positive effect of fermentation.
CONCLUSIONS

This study was performed to determine the antioxidant
activities of the different parts of the Dokudami
(Houttuynia cordata Thunb) plant, to elucidate the effects
of manufacturing processes on the color tone of the
Dokudami tea, and finally, to clarify the manufacturing

process for maintaining high TPC and antioxidant activity
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Fig.6 Effect of treatment conditions on Chlorogenic Acid and Quercitrin content of Dokudami tea

S: steaming for 1 min
NS: non-steaming
SD: shade drying
MD: machine drying
NR: non-roasting

R150-1: after shade-drying roasting treatment at 150°C for 1 min
R150-5: after shade-drying roasting treatment at 150°C for 5 min
R200-1: after shade-drying roasting treatment at 200°C for 1 min
R200-5: after shade-drying roasting treatment at 200°C for 5 min
F: fermentation by massaging for 30 min followed by shade drying
NF: non-fermentation followed by shade drying

The values were expressed per dry weight.

(by DPPH and H-ORAC assays) of its tea. The TPC
and antioxidant activities of the different parts of the
Dokudami plant were found to decrease in the following
order: flower > leaf > petiole > stem. In terms of the color
tone of the Dokudami tea, the a” value was influenced
the most by the manufacturing processes. Fermentation
and steam treatment led to the lowest and highest TPC
and antioxidant activity, respectively, of the Dokudami
tea, while drying and roasting had less effect on these
properties. In this experiment, steam treatment was
performed for 1 min, but increasing the steaming time may
improve TPC and antioxidant activity further. In the future,
it will be necessary to clarify the optimum conditions for
improving the TPC and antioxidant activity of Dokudami

tea by increasing the duration of the steam treatment.

(651)
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