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Influence of Roasting Treatment on the Antioxidant Activities and
Color of Burdock Root Tea
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ABSTRACT: The major trend in the antioxidant market is the growing consumer demand for natural antioxidants. Tea,
one of the most widely consumed beverages in the world, is an easy way to obtain antioxidant components from a natural
source. Our objective was to develop burdock root tea (BRT) with potent antioxidant activity and good color quality. In
order to obtain maximum antioxidant activity and quality, the effect of roasting was determined. The antioxidant capaci-
ties and total phenolic contents of BRT increased as roasting increased. The color of BRT became darker with increased
roasting, extraction time, and amount of burdock roots. Color of BRT was also positively correlated with total antioxidant
capacity. Roasting significantly enhanced the total antioxidant activities and color quality of BRT. These results suggest

that roasting BRT increases beneficial antioxidant components from burdock roots.
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INTRODUCTION

Burdock (Arctium lappa L.) belongs to the genus of Arcti-
um in the family Asteraceae. It has long been cultivated
in Eastern Asian countries, particularly in China, Japan,
and Korea (1). It has been used as a root vegetable or a
traditional medicinal plant for centuries and remains pop-
ular today. Burdock has gradually achieved international
recognition for its culinary use due to its nutritional val-
ues and health benefits. In traditional medicine, leaves,
seeds, and roots of burdock have been used to treat dia-
betes, inflammatory diseases, and cancer, due to their ef-
fects on the immune system and metabolic functions (2-
7). Among the parts of the burdock plant, roots are com-
monly consumed as a side dish and in the form of tea in
Korea. Many studies also suggest that burdock roots pos-
sess antioxidative, anti-inflammatory, and anti-cancer ac-
tivities (8-10). These biological activities are attributed
to the presence of polyphenols as well as dietary fiber
such as inulin and lignan in burdock roots (1,3).

Tea is one of the most popular beverages consumed
worldwide and is mainly consumed in Asian and Euro-
pean countries (11). Tea consumption has gradually in-
creased in many countries as reported by the Annual Bul-
letin of Statistics from International Tea Committee (12).
The international trend of increased tea intake is possi-
bly due to the widely reported health benefits of tea (13).

Drinking tea has been considered to be health-promot-
ing since ancient times (14,15). In addition, modern me-
dicinal research is continuously providing scientific evi-
dence of the beneficial components in tea (16). Many co-
hort studies and meta-analyses show that tea intake is
positively correlated with lowered risk of diseases such as
cancer, cardiovascular disease, hyperlipidemia, diabetes,
and obesity (17-20). Polyphenols in tea are responsible
for reducing the risk of these diseases via antioxidative,
anti-inflammatory, anti-carcinogenic, anti-genotoxic, and
cholesterol-lowering activities (21,22). A previous study
reported that consumption of over two cups of tea per
day resulted in approximately 2.6-fold higher blood poly-
phenol concentrations than persons consuming less than
half cup of tea per day (23). It has also been reported that
one cup of black tea contains about 150 ~200 mg of fla-
vonoids, constituting up to 82% of the total dietary in-
take of flavonoids (24).

The traditional antioxidant market has shifted toward
whole food-based antioxidant use (25). Whole foods con-
taining a combination of multiple polyphenols exhibit
strong biological activities due to additive and/or syner-
gistic actions of bioactive components (26). Therefore, it
is of interest to identify potent whole food-based anti-
oxidants. Moreover, tea is the easiest way to consume
health promoting components from whole foods (27).
For this reason, burdock root tea is a promising candi-

Received 25 November 2016; Accepted 1 February 2017; Published online 31 March 2017
Correspondence to Choon Young Kim, Tel: +82-53-810-2871, E-mail: cykim@yu.ac.kr

Copyright © 2017 by The Korean Society of Food Science and Nutrition. All rights Reserved.
@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



22 Lee and Kim

date as whole food-based antioxidant. However, scienti-
fic evidence of burdock root tea (BRT) as a whole food-
based antioxidant use is lacking.

Recent studies have shown that the roasting of plant-
based foods augments biological activates. Heat treatment
improves the antioxidant activity because thermal process
helps to release bound polyphenols from cell walls (28)
and to protect degradation of antioxidant components by
the inactivation of endogenous oxidative enzymes (29).
In addition, the roasting process produces Maillard re-
action products, which are known to possess antioxidant
activity (30). Therefore, this study aimed to elucidate the
role of roasting in the antioxidant activity of BRT and to
determine the optimal conditions for BRT preparation to
extract maximum antioxidant activities from burdock
roots.

MATERIALS AND METHODS

Materials

Potassium persulfate was purchased from Junsei Chemi-
cal (Tokyo, Japan). Pyrocatechol violet (PV) and 2,2’-
azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
were purchased from Tokyo Chemical Industry Co., Ltd.
(Tokyo, Japan). All other chemicals were purchased from
Sigma-Aldrich Co. (St. Louis, MO, USA).

Preparation of roasted burdock roots

Burdock roots were purchased from local markets in
Gyeongsan, Korea. Burdock roots were washed and sliced
to a thickness of 2 mm. To prevent enzymatic browning
of burdock roots, the sliced burdock roots were steamed
for 10 min using a home steamer and dried at 60°C for 6
h using a convection oven. Dried burdocks were roasted
at 170°C for 5 min and then cooled to room temperature.
This roasting procedure was repeated three or six times.
Since roasting over six times resulted in burned burdock
roots, we decided to roast them up to a maximum of six
times. Water content of the dried roasted burdock roots
was about 25.3%. Roasted burdocks were stored at 4°C
until use.

Preparation of burdock root tea and burdock methanol
extract

Since methanol is frequently used to extract bioactive
compounds from plant materials, and antioxidant activ-
ity of burdock methanol extract has been reported, it was
of interest to compare antioxidant activates of methanol
extracts with those of water extracts. In order to com-
pare total antioxidant capacity, BRT and burdock root
methanol extract were produced from burdock roots
(1.00 mg/mL) roasted six times. Roasted burdock roots
were heated in water for 60 min at 100°C to produce

BRT. Roasted burdock roots were extracted in methanol
for 24 h at 30°C to prepare burdock methanol extract.
Conditions for BRT preparation were varied in terms of
roasting number, extraction time, and concentration of
roasted burdock roots. As described above, burdock roots
were roasted three or six times. Unroasted and roasted
burdock roots (1.00 mg/mL) were heated in distilled
water for 30 min or 60 min at 100°C. BRT was also pro-
duced with various concentrations of burdock roots
(0.10, 0.25, 0.50, and 1.00 mg/mL). Burdock roots
roasted six times at different concentrations were heated
in distilled water for 60 min at 100°C. After BRT was ex-
tracted according to the conditions described above, ex-
tracts were centrifuged at 1,500 g for 20 min at 4°C.
Supernatants were collected, filtered, and used as either
burdock methanol extracts or BRT. Yield was calculated
based on percent yield [Eq. (1)].

. volume of recovery (mL)
= 1 1
% yield volume of input (mL) *100 )

BRT color measurement

The color of tea is one of the most important product
qualities for consumers. It is believed that conditions for
BRT preparation affect the color of BRT. In order to eval-
uate the effects of roasting and extraction time on the col-
or of BRT, the color of BRT prepared by changing roast-
ing times (0, 3, and 6 times) and extraction times (30
min and 60 min) was determined by colorimeter. More-
over, the effect of the concentration of burdock roots on
the color of BRT was tested only in BRT extracted from
six-time roasted burdock roots for 60 min. The color of
BRT was measured using a Minolta colorimeter (CR-300,
Konica Minolta, Inc., Tokyo, Japan) at room temperature
to determine Hunter L*, a*, and b* values. The Hunter L*
value is experimentally confirmed psychometric lightness,
whereas Hunter a* values indicate greenness and red-
ness, and Hunter b* values determine blueness and yel-
lowness. Hunter L*, a*, and b* values were utilized to es-
timate total color difference [AE: Eq. (2)] and chroma [C
value: Eq. (3)]. The standards were BRT extracted from
unroasted burdock roots (1.00 mg/mL) for 30 min.

AE=

2 2
\/(Lsmndard - L.sample) + <a’standard - (I’sample) + (bstandard ~ byam ple)

@

Cvalue= /g% + b2 3)

2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
activity

The DPPH assay was used to measure the radical scav-
enging activity of BRT. Briefly, 100 uL of 0.02% DPPH
solution in methanol was added to a 96-well plate con-
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taining 50 pL of test samples at different concentrations.
After a 30 min incubation period in the dark, the absorb-
ance at 510 nm was measured using a microplate spec-
trophotometer (Epoch, BioTek, Winooski, VT, USA). The
results were calculated based on the standard curve of
ascorbic acid and expressed as an ascorbic acid equiva-
lent value (mg AA/mL).

ABTS radical scavenging activity

The ability of BRT to scavenge ABTS radical cation was
determined using the ABTS assay conducted as described
by Re et al. (31). ABTS solution was freshly prepared by
mixing 7 mM ABTS stock solution with 2.6 mM potas-
sium persulfate in equal quantities and reacting for 16 h
at room temperature in the dark. ABTS solution was then
diluted to obtain an absorbance of 0.7+0.02 units at 734
nm using a spectrophotometer. Samples (5 pL) were al-
lowed to react with 295 pL of ABTS solution for 6 min
in the dark. The absorbance was then taken at 734 nm
using a microplate spectrophotometer (Epoch, BioTek)
and converted to Trolox equivalents (TE) values based
on the standard curve of Trolox. The standard curve of
Trolox was linear between 0 and 1 mM in concentration.
Results are expressed in mg TE/mL.

Ferric reducing antioxidant power (FRAP)

The FRAP assay was used since it is widely suitable for
antioxidants. In this assay, FRAP is determined by re-
duction of Fe"™" to Fe™* due to the action of antioxidants
(32). The stock solutions consisted of 300 mM acetate
buffer (pH 3.6), 10 mM 2,4,6-tri(2-pyridyl)-s-triazine
(TPTZ) solution in 40 mM HCI, and 20 mM FeCl;-6H,O
solution. The fresh working solution was prepared by
mixing 25 mL of acetate buffer, 2.5 mL of TPTZ solu-
tion, and 2.5 mL of FeCl3-6H,O solution, followed by
incubation at 37°C before use. Extracts (10 pL) were al-
lowed to react with 100 pL of FRAP solution for 4 min in
the dark. The colored product, ferrous tripyridyltriazine
complex, was read at 593 nm using a microplate spectro-
photometer (Epoch, BioTek). Ferrous sulfate was used as
a positive control.

Copper chelating activity

Copper (II) ion chelating activity was determined using a
modified Megias method (33). Briefly, 30 uL of extract,
290 pL of 50 mM sodium acetate buffer (pH 6.0), 10 pL
of copper sulfate (2 mg/mL), and 4 mM PV were loaded
into a 96-well plate. The absorbance was measured at
632 nm using a microplate spectrophotometer (Epoch,
BioTek). Copper chelating activity was calculated based
on the following equation [Eq. (4)].

Copper chelating activity (%)= (1— ﬁsﬂﬂi) x100 (4)

control

Determination of total phenol content

Total phenolic content was determined by the Folin-Cio-
calteu method as described by Singleton et al. (34). Ex-
tract (10 uL) was mixed with 20 uL of 10% (v/v) Folin-
Ciocalteu reagent in a 96-well plate. The mixture was al-
lowed to react for 6 min, after which 80 uL of 700 mM
Na,CO3 was added to the mixture. After 60 min of in-
cubation at room temperature in the dark, absorbance of
the reaction mixture was measured at 750 nm using a
spectrophotometer. The results were expressed in gallic
acid equivalents (GAE) using the standard curve of gal-
lic acid (0~1 mg/mL).

Measurement of flavonoid content

The flavonoid content was measured by the aluminum
chloride colorimetric method. A mixture of 25 uL of ex-
tract, 125 pL of distilled water, and 10 pL of 5% sodium
nitrite solution was incubated for 6 min, and 15 uL 10%
(w/v) aluminum chloride was added. After 5 min of in-
cubation, 50 puL of 1 M sodium hydroxide and 125 pL of
distilled water were added to the mixture. The absorb-
ance was measured at 510 nm using a multilevel plate
reader (VICTORTM X, PerkinElmer, Inc., San Jose, CA,
USA), and the results were expressed in catechin equiv-
alents (CE) using the standard curve of catechin (0~1
mg/mL).

Statistical analysis

All data were collected from six independent experiments
performed in triplicate and expressed as the mean=+stand-
ard deviation (SD). Statistically significant differences
among treatments were obtained using the SAS program
(version 9.4, SAS Institute, Cary, NC, USA). Statistical
comparisons were performed via one-way analysis of var-
iance, followed by Bonferroni’s multiple comparison test.
Differences at P<0.05 were considered to be significant.
Correlations between the evaluated parameters were ob-
tained using Pearson’s correlation coefficient (r).

RESULTS AND DISCUSSION

Comparison of antioxidant activities of burdock root tea
and burdock root methanol extracts

Although the antioxidant activity of burdock roots has
been reported before, most studies tested the antioxidant
activity of burdock root methanol extracts. Since metha-
nol extracts cannot be consumed, it is useful to elucidate
the antioxidant ability of BRT, which is a whole food di-
rectly consumed by humans. Therefore, the antioxidant
activity of BRT was compared with that of burdock root
methanol extract. Results from DPPH and ABTS radical
scavenging activity assays show that BRT had approxi-
mately 1.5-fold higher antioxidant capacities compared
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Fig. 1. Comparison of antioxidant activities of burdock root tea (BRT) and burdock methanol extract. BRT was produced by boiling
burdock roots (1.00 mg/mL) roasted six times in water at 100°C for 60 min. Methanol extract of burdock roots was prepared
by extracting burdock roots (1.00 mg/mL) roasted six times in methanol at 30°C for 24 h. Burdock root extracts were subjected
to total antioxidant capacity assays, including 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity (A), 2,2°-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging activity (B), ferric reducing capacity (C), copper chelating activity
(D), total polyphenol contents (E), and flavonoid contents (F). Values are expressed as the meanzstandard deviation (n=6). ***/~<0.001
versus methanol extract. AA, ascorbic acid equivalent; TE, Trolox equivalents; GAE, gallic acid equivalents; CE, catechin equivalents.

with methanol extract of burdock roots (Fig. 1A and 1B).
Ferric reducing and copper chelating activities of BRT
were about 5-fold and 2.5-fold higher than those of bur-
dock methanol extracts, respectively (Fig. 1C and 1D).
Consistent with these data on antioxidant activities, total
phenol and flavonoid contents of BRT were significantly
higher than those of burdock root methanol extract (Fig.
1E and 1F). Overall, BRT showed strong total antioxi-
dant capacities compared with methanol extract of bur-
dock roots.

Our data indicate that hot water extraction for BRT
preparation may be a more effective method to obtain
bioactive components from burdock roots than meth-
anol extraction. The higher total phenol and flavonoid
contents of BRT compared to methanol extract contri-
buted stronger antioxidant activities. High temperature
increases the liberating of polyphenols and flavonoids,
the major bioactive components exhibiting antioxidant
activities (35,36). Overall, these results suggest that BRT
consumption is a good whole food-based antioxidant di-
etary approach.

Table 1. Extraction yield of burdock root tea using various con-
ditions

Number of Extraction Concentration

roasting time (min) (mg/mL) Yield (%)
0 30 1.00 71.78+7.70
3 30 1.00 68.81£10.50
6 30 1.00 68.32+8.40
0 60 1.00 44.55+0.10
3 60 1.00 36.63+1.40
6 60 1.00 40.97+0.74
6 60 0.10 59.00+8.49
6 60 0.25 42.50+16.26
6 60 0.50 51.50+2.12

Values are meanzSD of six separate experiments.

Yield of BRT

The yield of BRT under various preparation conditions is
shown in Table 1. Conditions of BRT preparation varied
in terms of roasting number, extraction time, and ratio
between water and burdock roots. Extraction time was a
major parameter affecting the yield of BRT. When BRT
was extracted for 30 min, yields of BRT were approxi-
mately 70%. The yields of BRT decreased with increasing
extraction time, and the yields of BRT extracted for 60
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Table 2. Color characteristics of burdock root tea prepared by different conditions of extraction

Number of Extraction Concentration

roasting time (min)  (mg/mL) L b AE ¢
0 30 1.00 55.53+0.20" 0.5440.06° —1.4440.43° 0+0.59° 1.6040.33°
3 30 1.00 55.42+0.08 0.35+0.16™ —0.95+0.05° 0.55+0.16' 1.01+0.07"
6 30 1.00 53.98+1.06 —0.09+0.01¢ 4.3341.30° 3.31£1.39° 4714113
0 60 1.00 55.20+0.47 0.12+0.03° —0.26+0.13° 1.29+0.24° 0.2940.08°
3 60 1.00 54.70+0.74 0.33+0.04° 1.55+0.47°¢ 0.87+0.54° 1.5340.34°
6 60 1.00 50.73+0.06 0.45+0.12%* 11.76+0.70° 11.38+1.07° 11.53+0.63°
6 60 0.10 55.22+0.08 0.1740.17° —0.29+0.01° 1.24+0 64° 0.58+0.40°
6 60 0.25 55.5140.16 0.2940.06™ 0.97+£1.19° 0.53+1.13" 1.13+0.80"
6 60 0.50 54.34+1.03 0.12+0.01¢ 5.45+0.18° 4214056 5.59+0.28°

Values are meanxSD of six separate experiments.

Means sharing the same letter (a-g) are not significantly different at the 5% level.
L*, lightness; a*, redness; b*, yellowness: AE, color difference C, chroma.

"Not significant.

min ranged from 36.63+1.40% to 59.00+8.49%.

Effects of roasting, extraction time, and concentration of
burdock roots on color quality of BRT

In order to elucidate the effects of tea preparation para-
meters on the color of BRT, BRT was prepared according
to different roasting numbers and tea extraction condi-
tions, such as extraction temperature, time, and concen-
tration, and then subjected to Hunter’s colorimetry. The
roasting number, extraction time, and amount of burdock
roots influenced color quality of BRT (Table 2). A higher
roasting number and/or longer extraction time of BRT
were associated with a darker color. BRT from burdock
roots roasted six times for 30 min and 60 min showed
AE values of 3.31+1.39 and 11.38+1.07, respectively.
This indicates that the AE between BRT made from un-
roasted burdock roots and burdock roots roasted six
times is clearly distinguishable since the human eye can
conceive noticeable differences in color when AE values
are over 2.3 (37). Moreover, Hunter b* values of BRT in-
creased in a dose-dependent manner. Extraction temper-
ature of BRT also impacted the color quality. AE Hunter
values of BRT were temperature-dependent (data not
shown).

Maillard browning is a chemical process that produces
a brown color in foods without enzyme activity. Heat
treatment such as roasting increases the non-enzymatic
browning reaction, consequently enhancing color devel-
opment (38). Since the color of tea is one of the major
factors determining tea quality, the Maillard reaction is a
key phenomenon in the tea industry (39). It is believed
that the brown color development of BRT is due to the
non-enzymatic browning reaction and improves the qual-
ity of tea.

Effects of tea preparation conditions on antioxidant
activity of BRT
In order to investigate the effects of tea preparation con-

ditions on antioxidant activity, the total antioxidant ca-
pacities of BRT produced with different roasting num-
bers and extraction times were determined. DPPH radical
scavenging activity increased with higher roasting num-
ber in BRT extracted for 30 min but not in BRT extracted
for 60 min (Fig. 2A). However, ABTS radical scavenging
activities of all BRT groups were approximately 5 mg
TE/mL, regardless of roasting number and extraction
time (Fig. 2B). Ferric reducing capacity tended to elevate
with increasing roasting number and extraction time of
burdock roots (Fig. 2C). Copper chelating activity was
positively associated with roasting number and extrac-
tion time (Fig. 2D). While roasting time did not affect
radical scavenging activities and ferric reducing capacity
of BRT extracting for 60 min, roasting time was impor-
tant for copper chelating activity. BRT with an extraction
time of 60 min showed significantly higher total phe-
nolic content than that extracted for 30 min (Fig. 2E). In
BRT boiled for 30 min, only BRT from burdock roots
roasted six times had a statistically significant amount of
total phenolics. However, roasting number did not influ-
ence total phenol content in BRT boiled for 60 min. On
the other hand, flavonoid content was affected by roast-
ed number and extraction time (Fig. 2F).

It has been reported that roasting number and extrac-
tion time influence antioxidant activities. The roasting
process reinforces antioxidant capacity in coffee, wheat
germ, hazelnuts, and sweet almonds (40,41). Extraction
time of tea also affects antioxidant capacity and polyphe-
nol compounds. In a previous study, total phenolic com-
pounds of black tea reached a maximum concentration at
40 min, whereas extraction up to 120 min reduced poly-
phenols (42). Consistent with previous studies, roasting
number and extraction time of BRT were closely linked
to antioxidant activity and polyphenol contents as
shown in Fig. 2. However, data on DPPH radical scav-
enging activity, ferric reducing capacity, and total phenol
contents show that roasting number did not affect BRT



26 Lee and Kim
A B
Hl 30min [J 60 min Hl 30min [J 60 min Hl 30 min [ 60 min
a
o a a a a o - ab ab
£ 51 b £ 5 1 = 20-
S o e - ab
gg 4 c 0>->§ 4- % a bc
8} © W o E c
O o8 1.57
o ? o <o
€ 3 5€ 3 E
T2 ° > S 9 10
g5 o g o cE
I3 w3 g =
QO ®© = © =
& 11 2 1 K 0.5
0' T T 1 0' T T 1 0' T T —
0 3 6 0 3 6 0 3 6
Number of roasting Number of roasting Number of roasting
D E F
Hl 30min [ 60 min Hl 30 min [ 60 min Hl 30min [] 60 min
60 0.4 1 a 0.8 7 a
ab
2 - 2 b b
5 % b = .
5 g _ 03+ b < 0.6 b b
® 5 40 = £ b
28 c SE b §E b
= - W 0
§§ 30 - ¢ 4 §§ 0.2 TG 049 o
(3] C; e ‘S_cn 8 g)
5 20 & &=
S é 0.1 1 [ 0.2
8 10-
O' T T — 0' T T 1 0' T T 1
0 3 6 0 3 6 0 3 6

Number of roasting

Number of roasting

Number of roasting

Fig. 2. Effects of methods of burdock root tea (BRT) preparation on antioxidant activities. In order to elucidate the effects of
BRT preparation conditions on antioxidant activity, roasting number and tea extraction time were varied. Burdock roots were
roasted 0, 3, or 6 times, and BRT was produced by boiling these roasted burdock roots (1.00 mg/mL) for 30 or 60 min at 100°C.
Total antioxidant capacities of BRT were determined based on 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity (A),
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging activity (B), ferric reducing capacity (C), copper che-
lating activity (D), total polyphenol contents (E), and flavonoid contents (F). Results are expressed as the meanzstandard deviation
(n=6). Mean sharing the same letter (a-e) are not significantly different at the 5% level. AA, ascorbic acid equivalent; TE, Trolox
equivalents; GAE, gallic acid equivalents; CE, catechin equivalents.

boiled for 60 min. It is believed that an extraction time
of 60 min is sufficient to extract all antioxidant compo-
nents from burdock roots, thus maximizing the antioxi-
dant activities of BRT regardless of roasting number. Our
data suggest that BRT is useful as a whole food-based
antioxidant when brewed from burdock roots roasted six
times for 60 min.

Effects of concentration of roasted burdock roots on
antioxidant activity of BRT

The effect of ratio of water to roasted burdock roots on
antioxidant ability of BRT was examined (Fig. 3). Differ-
ent concentrations of burdock roots (0.10, 0.25, 0.50,
and 1.00 mg/mL) were used to produce BRT. Since the
highest antioxidant ability of BRT was observed in BRT
prepared from burdock roots roasted six times for 60
min, BRT extraction conditions were maintained as be-
fore. DPPH and ABTS radical scavenging activities of BRT
at a concentration of 1.00 mg/mL were approximately
2.5-fold higher than BRT at a concentration of 0.10 mg/
mL (Fig. 3A and 3B). Ferric reducing and copper chelat-

ing capacities also dose-dependently increased (Fig. 3C
and 3D). Copper chelating activity of BRT at a concen-
tration of 1.00 mg/mL was approximately 5-fold higher
than BRT at a concentration of 0.10 mg/mL (Fig. 3D).
Moreover, total phenol and flavonoid contents of BRT
were elevated in a dose-dependent manner (Fig. 3E and
3F). Total phenol and flavonoid contents of BRT at a con-
centration of 1.00 mg/mL were 0.30 mg GAE/mL and
0.73 mg CE/mL, respectively.

It is believed that BRT prepared from burdock roots
(1.00 mg/mL) had the highest total antioxidant capacity
due to its high amounts of total phenols and flavonoids.
The bioactive components of burdock roots have been re-
ported before. Ferracane et al. (43) reported that burdock
roots contain chlorogenic acids, ester of caffeic acid, and
quinic acid. Further, Liu et al. (44) showed that caffeoyl-
quinic acids and lignans in burdock roots are responsible
for the antioxidant activity of burdock roots. Among
those bioactive components, chlorogenic acids are the
predominant polyphenols in burdock roots. Thus, the an-
tioxidant activity of BRT may be derived from mainly
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60 min. Total antioxidant capacities of BRT were tested based on 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity
(A), 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging activity (B), ferric reducing capacity (C), copper
chelating activity (D), total polyphenol contents (E), and flavonoid contents (F). Data are expressed as the meanzxstandard deviation
(n=6). Mean sharing the same letter (a-d) are not significantly different at the 5% level. AA, ascorbic acid equivalent; TE, Trolox
equivalents; GAE, gallic acid equivalents; CE, catechin equivalents.

Table 3. Pearson’s correlation between color difference (A£) and total antioxidant capacities

Copper

AE DPPH ABTS FRAP chelating  1otal phenol - Flavonoid
activity content content
AE 1.000
DPPH 0.978*** 1.000
ABTS 0.832*** 0.874*** 1.000
FRAP 0.965*** 0.986*** 0.882*** 1.000
Copper chelating activity 0.971%** 0.971%** 0.857*** 0.960™** 1.000
Total phenol content 0.864*** 0.913*** 0.960*** 0.911*** 0.890*** 1.000
Flavonoid content 0.953*** 0.963*** 0.774*** 0.955*** 0.948*** 0.821*** 1.000

DPPH, 2,2-diphenyl-1-picrylhydrazyl radical scavenging activity; ABTS, 2,2 -azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) radical
scavenging activity; FRAP, ferric reducing antioxidant power.
***Correlation is significant at the 0.001 level.

coefficient values between parameters related to color and
antioxidant activities of BRT were determined and are
presented in Table 3. A strong positive correlation be-

chlorogenic acids and a combination of other bioactive
components present in burdock roots.

Relationship between color and antioxidant activity of
BRT

The relationship between color and antioxidant capacity
of BRT was investigated since color development in foods
influences antioxidant activity (45). Pearson’s correlation

tween AE and DPPH radical scavenging activity was de-
tected (r=0.978). In addition, the correlation value be-
tween AE and flavonoid content was 0.953. Our data sug-
gest that there is a strong positive relationship between
AE and total antioxidant capacities. Thus, the color of



28 Lee and Kim

BRT can be a useful indicator for estimating the antioxi-
dant activity of BRT.

A positive relationship between AE and total antioxi-
dant capacity or polyphenol concentration has been well
documented. For example, darker color was shown to be
associated with increased antioxidant activities and poly-
phenol contents in honey samples (46). Moreover, the
higher antioxidant activity in highly colored malts was
shown to be related to higher contents of reductones and
melanoidins, which are produced during the roasting
process (47). Reductones and melanoidins, collectively
known as Maillard reaction products (MRPs), contribute
to color development in foods as well as antioxidant ac-
tivities (47). In a previous study, MRPs generated from
the reaction between histidine and glucose at 120°C for
30 min exhibited peroxyl radical scavenging activity (48).
In brewed coffee, radical scavenging activity of the non-
phenolic fraction was shown to increase upon roasting
together with accumulation of brown-colored MRPs (49).
Thus, there is a possibility that MRPs could be partially
responsible for the antioxidant activity and color of BRT,
and further study to determine the role of MRPs in BRT
quality is needed.

In order to satisfy recent consumer demands, develop-
ment and identification of whole food-based natural anti-
oxidants have gained attention. This study demonstrated
that roasting treatment improves the total antioxidant
capacity of BRT. Total antioxidant capacity of BRT was
stronger than that of burdock root methanol extract.
Interestingly, the total antioxidant capacity of BRT was
positively associated with color, an important tea quality
criterion. Our data support a correlation between darker
color and stronger antioxidant capacity in BRT, and thus
the color of BRT can serve as an indicator of total anti-
oxidant capacity. Color and total antioxidant capacity of
BRT were dependent on BRT preparation parameters
such as roasting number, tea extraction time, and ratio
between water and burdock roots. Higher roasting num-
ber, extraction time, and amount of burdock roots en-
hanced total antioxidant capacity and color development.
This study proposes the practical use of BRT as a whole
food-based antioxidant. Further studies are required to
confirm the antioxidant capacity of BRT for health bene-
fits in an in vivo system.
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