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KEYWORDS Abstract Documents have revealed that leaves, barks and woods from oak trees are rich in phe-
Mongolian oak (Quercus nols, yet little is known about them in Mongolian oak (Quercus mongolica) cups, the by-product
mongolica) cups: waste with large biomass. In the present work, composition analysis through total phenols, flavo-
Flavonoids; noids and tannins, and condensed tannins, and HPLC profiles and antioxidant assessment by
Condensed tannins; DPPH, ABTS, reducing power, ORAC and CAA were performed to evaluate oak cup crude
Antioxidant activities; extracts and the resulting four fractions (Fr. I, Fr. II, Fr. III and Fr. IV) prepared by HPD-100
g;ilgporous resin; macroporous resin chromatography. Among the optimal 50% ethanol crude extract (ECE) and

its subsequent four fractions, Fr. II, on the basis of the oak cups, collected the majority of total
phenols, flavonoids and tannins, and condensed tannins from ECE though lower contents of all
compositions than those in Fr. III when based on the extract with an exception of condensed tan-
nins. And the highlight of Fr. II is that it possessed the strongest antioxidant ability from the per-
spective of extract. These findings imply that composition of condensed tannins as well as its
contents might take dominate role in antioxidant ability of oak cups. This was further corroborated
through HPLC profiles as compositions in ECE and the four fractions are all distinguished from
each other. HPLC also exhibited the great enrichment of ellagic acid in Fr. III. Moreover, the cor-
relation analysis indicated that there is exclusive correlation existed between total flavonoids and
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antioxidant assays among all composition analysis including ellagic acid, which further confirmed
the main influencing factor to antioxidant ability of oak cup may be composition of condensed tan-
nins as well as its contents because the condensed tannins were constituted by flavonoid units, and
ellagic acid may not be a strong antioxidant contributor in oak cups. Therefore, Fr. II should be
chosen as the best fraction to be further explored. In addition, this established HPD-100 macrop-
orous resin chromatography procedure could be developed as a simple and effective procedure for
preparation of ellagic acid from oak cups.

© 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

For decades, natural antioxidant is received increasing attention due to
its safety, functionality and last but not least the contribution to
human health. Natural antioxidants such as simple phenolics and fla-
vonoids are commonly found in fruits, vegetables and herbs, and their
common function is to serve as antioxidant against oxidative stress
formed by oxidizing agents and free radicals (Antolovich et al., 2000;
Matkowski and Wotniak, 2005; Sarikurkcu et al., 2009). Owing to safe
and favorable antioxidant function, a trend has been formed to take
full advantage of natural antioxidants in various industries, including
food, cosmetics and pharmaceutical industry (Araujo et al., 2015;
Kusumawati and Indrayanto, 2013; Marino et al., 2015). However,
abundant and low-cost natural antioxidant resources are still lacking.
Therefore, seeking a novel and ideal natural antioxidant resource
throughout plant kingdom is quite urgent.

Mongolian oak (Quercus mongolica) in the Castanea family is lar-
gely distributed in China, Russia, Mongolia, Japan and Korea. In
China, they are mainly found in Heilongjiang, Jilin, Liaoning, Inner
Mongol, Hebei and Shandong provinces, and were used as non-
commercial or ecological public-welfare forests (He et al., 2016), or
their timber was commonly utilized for making furniture or producing
wine barrels (Omar et al., 2013). However, in both cases, oak produces
a wide variety of by-products discarded as waste, including leaves or
shells and oak cups, thus leading to huge resource waste and environ-
ment pollution due to their large biomass. Therefore, making full use
of these by-products is of great significance as well as urgent.

Many studies on oak trees mainly concentrated on the leaves,
acorns or shells. It had been reported for the first time that sawtooth
oak (Quercus acutissima) shell waste could be used as materials for
bio-ethanol production (Yang et al., 2015). Custodio et al. (2014) doc-
umented the in vitro antioxidant and inhibitory activities of hexane,
methanol and water extracts of cork oak (Quercus suber). They found
that compounds in the leaves and acorns of cork oak could alleviate
symptoms associated with Alzheimer diseases and other neurodegener-
ative ailments as well as diabetes. Tahmouzi (2014) and Moreno-
Jimenez et al. (2015) reported that the extracts of Zagros oak (Quercus
brantii) and red oak (Quercus spp.) leaves possess antioxidant, anti-
inflammatory, anticarcinogenic and antimicrobial activities. However,
oak cups, the abundant outer layer around the acorn (diameter 1.5-
1.8 cm in length and 0.8-1.5 cm in width) remain to be investigated.
Therefore, it is of great interest that whether the oak cups could be
used as a potential source of natural antioxidants or functional food
ingredients.

The conventional separation methods of bioactive compounds
from plants have been studied using ion exchange, solvent extraction,
high-speed counter-current chromatography (Liu et al., 2010a—c),
preparative high-performance liquid chromatography (HPLC) (Wang
et al., 2014), and solid-phase extraction (SPF) (Da Silva Santos
et al., 2014), which exhibited certain disadvantages including organic
solvent wastage, high cost, time-consuming procedure, low recoveries
and environmental pollution (Li et al., 2015) as well as many advan-
tages. Recently, macroporous resin attracted much more attention
on isolating the bioactive constituents from natural resources (Jia

and Lu, 2008; Liu et al., 2010a-c; Zhao et al., 2011). Macroporous
resins, which possess different characteristics including specific surface
area, polarity, particle size, pore diameter, are economic, environmen-
tal friendly and easy to be regenerated (Jia and Lu, 2008; Yang et al.,
2016).

Despite many analytical methods being available for assessing
antioxidant capacity, there are no approved standardized methods
by far. Sometimes, different antioxidant determination methods have
led to widely conflicting results that are extremely difficult to interpret
(Frankel and Meyer, 2000). This is mainly attributable to the distinct
chemical principles underlying these methods. For instance, DPPH,
ABTS, reducing power and ORAC are methods used to evaluate
antioxidant activity in vitro, while cellular antioxidant activity (CAA)
is an approach used to evaluate the antioxidant based on cells. The first
three assays are based on electron transfer reaction, while ORAC assay
is based on hydrogen atom transfer reaction. Therefore, a precise or
comprehensive evaluation of antioxidant capacity requires the use of
various methods with different mechanisms for inhibiting oxidation
(Frankel and Meyer, 2000).

In virtue of research gap for oak cup, the aim of present study was
to, for the first time, separate phenols from oak cups by macroporous
resins, and unveiling of its bioactive compounds and their antioxidant
activity for the purpose of making thorough use of oak cup.

2. Materials and methods

2.1. Plant materials and chemicals

Mongolian oak (Quercus mongolica Fisch. ex Ledeb.) cups
were collected from Grand Khingan in Heilongjiang province
on September 2014, and authenticated by Dr. Zhonghua Liu,
Beijing Forestry University. The oak cups were air-dried until
equilibrium humidity, ground and screened through a 1-mm
mesh, and then stored in darkness at room temperature for
further use.

ABTS [2,2-Azinobis-(3-ethylbenzthiazoline-6-sulfonate)],
DPPH (1,1-diphenyl-2-picrylhydrazyl), DCFH-DA (2',7'-dich
lorofluorescin diacetate), AAPH [2,2'-Azobis (2-
amidinopropane) dihydrochloride], ellagic acid, Trolox, and
Folin—Ciocalteu were purchased from Sigma—Aldrich Chemi-
cal (St. Louis, MO, USA). Gallic acid, catechin and rutin were
obtained from National Institutes for Food and Drug Control
(Beijing, China). All other chemicals and reagents were of ana-
lytical grade.

2.2. Solvent extraction

To select the optimal extraction solvent for preparation of
bioactive constituents, 20 mL of various solvents, namely,
0%, 30%, 50%, 80% and 100% v/v ethanol: water solutions,


http://creativecommons.org/licenses/by-nc-nd/4.0/

Phenol-rich oak-cups and antioxidant activity

251

was added to each of a 2-g ground powders of oak cups,
respectively. Each mixture was extracted by heating reflux
for 1 h at 80 °C. After cooling to room temperature, the result-
ing slurries were filtered through filter paper (Whatman No. 1)
and the residue was re-extracted as described above with two
extra 20 mL of respective corresponding solvent. Finally, fil-
trates of the three times were pooled and diluted to a volume
of 60 mL with corresponding extraction solvents in order to
obtain five crude extract solutions, which were analyzed for
selecting the optimal extract solvent based on composition
measurements of total phenols, flavonoids and tannins, and
condensed tannins.

Subsequently, 50 g of ground powder was extracted for
three times with the optimal extracting solvent (500 mL for
each time) selected according to the procedures described
above, and the combined supernatants (1500 mL) were rotar-
ily evaporated at 60 °C till one third of the volume left. The
resulting slurries were re-diluted to the volume of 1500 mL
with distilled water and stood overnight to obtain the super-
natant, and this 1500 mL of supernatant was used for further
experiments.

2.3. Fractionation of the oak cup crude extracts

For the 1500 mL of supernatant prepared above, 300 mL was
rotarily evaporated and dried with water bath at 60 °C to
prepare the crude extract. The remaining 1200 mL was sub-
jected to a chromatography column (600 mm x 60 mm i.d.)
packed with HPD 100 macroporous resin for partial purifica-
tion (Cangzhou Bonchem Co., Ltd, Cangzhou, China). After
full absorption, the macroporous resins column was sequen-
tially eluted with 2000 mL of distilled water, 2000 mL of
30% aqueous ethanol, 1500 mL of 50% aqueous ethanol
and 1500 mL of 80% aqueous ethanol in order to obtain col-
lections I, II, III and IV, respectively. Subsequently, these
four collections were evaporated and dried in the water bath
at 60 °C to obtain Fractions I, II, III and IV. The total elut-
ing yield of the four fractions accounted for 66.83% of the
ECE, the unabsorbed ECE by macroporous resin was
around 19.40%, and the remaining was those kept by the
macroporous resins within the column. Finally, these four
fractions, together with the crude extract, were stored at
—20 °C for further analysis.

2.4. Determination of total phenols and total tannins

Total phenols of the crude extract and four fractions were
evaluated using Folin—Ciocalteu’s method reported by
Sumczynski et al. (2015) with modifications. In brief, 20 uL.
of appropriately diluted solution of the crude extract or each
of the fractions was mixed with 40 pL of 25% Folin—Ciocal-
teu reagent in corresponding well of a 96-well microplate.
After 5 min standing at room temperature, 140 pL. of sodium
carbonate solution (700 mM) was added to each well and the
plate was shaken for 30 s at 500 rpm in a microplate shaker.
The microplate was then covered and incubated in the dark
at 40 °C for 30 min, followed by reading at 765 nm using a
microplate reader (Tecan infinite 200, Swiss). The results
were expressed as gallic acid equivalents from the calibration
curve of gallic acid standard solutions (0-400 mg/L) and

expressed as mg of gallic acid equivalents per gram of a sam-
ple (mg GAE/g; the word ‘sample’ here and after refers to
the crude extract or four fractions by HPD 100 macroporous
column chromatography). All assays were performed in
triplicate.

Total tannins in the crude extract and four fractions were
determined based on phosphomolybdium tungstic acid-casein
reaction described by Zhao et al. (2011) with modifications.
Briefly, 25 mL of appropriately diluted solution of the crude
extract or each of the four fractions was mixed with 100 mg
of casein and incubated at room temperature for 3 h with
shaking at 200 rpm. After incubation, this mixture was filtered
through a 0.45-um filter to collect the supernatant, named as
the sample after CASEIN-Precipitating Reaction. The rest
steps were the same as the method for determination of total
phenols. Total tannins equal the difference of total phenols
between samples before and after CASEIN-Precipitating
Reaction. All determinations were conducted in triplicate
and the results were expressed as equivalent of pmol gallic acid
(GAE) per gram of a sample.

2.5. Determination of total flavonoid

Total flavonoids of the crude extract and four fractions were
examined by an aluminum chloride colorimetric assay
described by Sumczynski et al. (2015) with modifications.
Briefly, 120 puLL of appropriately diluted solution of the crude
extract or each of the four fractions was mixed with 8 pL of
50 mg/mL sodium nitrite in the designated well of a 96-well
microplate, and then the microplate was stood for 6 min before
addition of 8 pL of 100 mg/mL aluminum chloride into each
well. After a 5-min incubation at room temperature, 100 pL
of 40 mg/mL sodium hydroxide was added to each well. Sub-
sequently, the mixture was mixed thoroughly by pipetting up
and down for 10 times. The microplate was then covered
and incubated in the dark at room temperature for 30 min,
and then absorbance measurement was read at a wavelength
of 410 nm by using the microplate reader. All determinations
were performed in triplicate and results were expressed as rutin
equivalents from the calibration curve of rutin standard solu-
tion (0-100 mg/L) and expressed as mg of rutin equivalents
per gram of a sample (mg RE/g).

2.6. Determination of condensed tannins

Condensed tannins was measured by a vanillin method
described by Saad et al. (2014) with some modifications. In
brief, 20 uL of appropriately diluted solution of the crude
extract or each of the fractions was mixed with 120 uL of
4% vanillin-methanol solution in the designated well of a 96-
well microplate, followed by addition of 60 nL of HCI (original
solution) to each well, and then the 96-well plate was shaken
for 5 min at 200 rpm by using an orbital shaker. After incuba-
tion in the dark for 15 min at room temperature, absorbance
determination was performed at 500 nm by using the micro-
plate reader. All examinations were performed in triplicate
and results were expressed as catechin equivalents from the cal-
ibration curve of catechin standard solution (0-400 mg/L) and
expressed as mg of catechin equivalents per gram of a sample
(mg CE/g).
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2.7. Antioxidant activities of the crude extract and its four
fractions

2.7.1. DPPH" scavenging activity

DPPH (1,1-diphenyl-2-picryl hydrazyl) free radical scaveng-
ing activity of the crude exact or each of the four fractions
was determined by using the method of Alanon et al.
(2011) with slight modification. Briefly, 10 uLL of the standard
(Trolox 10-400 mg/L, final concentration), samples or blank
(distilled water) was added to corresponding well, followed
by addition of 40 uL. of 1 mM freshly prepared DPPH solu-
tion and 190 pL of methanol to each well. The 96-well plate
was then shaken at 200 rpm for 1 min by using an orbital
shaker. After incubated for 30 min at room temperature in
the dark, the microplate reader was used to examine absor-
bance at a wavelength of 517 nm for assessing the value.
The radical scavenging activity (RSA) for DPPH" was calcu-
lated as RSA (%) = (4y — As)/Ay x 100, where As is the
absorbance of the sample solution and A, is the absorbance
of the blank solution.

2.7.2. ABTS radical scavenging activity

ABTS radical cation (ABTS'") scavenging capacity of the
crude exact or each of the four fractions was analyzed by
the method reported by Alanon et al. (2011) with minor
modifications. ABTS " was generated by the reaction of a
7-mM aqueous solution of ABTS with a 2.4-mM aqueous
solution of potassium persulfate (K,S,Og) in equivalents.
Then, the mixture was kept in the dark at room tempera-
ture for 12-16h. The ABTS™* solution was then diluted
with methanol at a ratio of 1:48 to an absorbance of
0.70 = 0.02 at a wavelength of 734nm to produce an
ABTS** working solution. After the ABTS " working solu-
tion was prepared, 5 pL of standard (20-100 mg/L Trolox,
final concentration), samples or blank (distilled water) was
quickly added to corresponding wells in a 96-well micro-
plate, followed by 200 pL of ABTS™* working solution to
each well. After incubation for 5 min at 30 °C in the dark,
the absorbance was read at 734 nm by using the 96-well
plate reader. The RSA for ABTS was also calculated as
RSA (%) = (Ao — As)/Ag x 100, where As is the absorbance
of the sample solution and A, is the absorbance of the
blank solution.

2.7.3. Reducing power capacity

The reducing power was determined according to the methods
of Zhao et al. (2011) with minor modifications. Briefly, 0.4 mL
of methanol solutions (0.05-0.2 mg/mL) of the crude exact or
each of the four fractions was mixed with 1 mL of phosphate
buffer (0.2 M, pH = 6.6) and 1 mL of 1% (w/v) potassium fer-
ricyanide (K;[Fe(CN)¢]), and the mixture was incubated in a
water bath at 50 °C for 20 min. After addition of 0.5 mL tri-
chloroacetic acid (10%, w/v), the mixture was incubated at
room temperature for 10 min. Subsequently, 1 mL of this mix-
ture was mixed with 1 mL of distilled water and 0.2 mL of fer-
ric chloride solution (0.1%, w/v). Finally, the absorbance was
measured at 700 nm using an ultraviolet spectrophotometer
(Shimadzu, Kyoto, Japan). A calibration curve was prepared
using Trolox (0-600 mg/L). Results were expressed as the con-
centration of the crude extract or each of the four fractions
versus absorbance at 700 nm.

2.7.4. Oxygen radical absorbance capacity (ORAC)

The ORAC assay was conducted according to Sun et al.
(2012). The reaction was carried out in 75 mM phosphate buf-
fer (pH = 7.4) and all of the reagents in the ORAC assay were
prepared with this phosphate buffer. The experiment was pro-
tected from direct light because of light-sensitivity of fluores-
cein. In brief, 75 uL of fluorescein solution (0.2 uM) was
added to each well of the 96-well plate, and then 25 pL of Tro-
lox standards (5-50 uM, final concentration), samples or
75 mM phosphate buffer (reagent blank) was added to corre-
sponding well. After shaking at 250 rpm for 5 min, the plate
was kept in the dark and incubated in a 37 °C-prewarmed oven
for 15 min. Once the incubation is completed, 100 pL of 37 °C-
prewarmed AAPH was quickly added to each well by a 12-
channel multipipet. The microplate was then immediately
placed in the 96-well microplate reader and fluorescence was
recorded every 1.5min for 75min with an excitation at
530 nm and emission at 485 nm. The net Area under Curve
(AUC) of samples and standards was calculated by subtracting
the AUC of the blank. Results were calculated by comparing
the net AUC of the sample with those of the standard. All
examinations were performed in triplicate and the results were
expressed as pmol of Trolox equivalent (TE)/g of a sample.

2.7.5. CAA

CAA is a cell-based assay to detect foods, phytochemicals and
dietary supplements for potential antioxidant activity. The
CAA assay was measured using the method reported by
Wolfe and Liu (2007) with slight modification. Briefly, human
hepatocellular carcinoma (HepG?2) cells were seeded in wells of
a 96-well microplate at a density of 5 x 10*/well with 100 pL of
culture medium supplemented with 10% FBS, 4 mM -
glutamine and 1% penicillin—streptomycin. After twenty-four
hours culture at 37 °C with 5% CO,, the culture medium
was removed, and cells were washed cleanly by PBS. Subse-
quently, HepG?2 cells in the wells were subjected to a 1-h incu-
bation with 100 pL of the crude extract or each of the four
fractions at different concentrations (10, 25 and 50 pg/mL)
plus 25 uM DCFH-DA dissolved in antioxidant treatment
medium (DMEM with 4 mM L-glutamine and 10 mM Hepes).
The medium was then removed and 100 uL of AAPH
(600 uM) dissolved in oxidant treatment medium (HBSS with
10 mM Hepes) was added to each well. The microplate was
immediately placed in the 96-well microplate reader and fluo-
rescence was recorded every 5 min for 60 min with an excita-
tion at 538 nm and emission at 485 nm. The control wells
contained the cells treated with DCFH-DA and AAPH, and
the blank wells contained the cells treated with DCFH-DA
and HBSS in the absence of AAPH. Quercetin (0.1-10 uM)
was used as a standard and the standard curve was set up
based on the Area under Curve of fluorescence versus time.
CAA values were calculated as pmol of quercetin equivalents
per gram of a sample.

2.8. HPLC analysis

HPLC was applied to analyze the difference of the chromato-
graphic profile and to determine ellagic acid contents in the
crude extract obtained with the optimal concentrations of
aqueous ethanol and each of the four fractions. A Shimadzu
HPLC system (Shimadzu, Kyoto, Japan) equipped with a
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SPDM20A ultraviolet detector and Eclipse XDB-C18 column
(Agilent, 250 mm x 4.6 mm i.d., 5 um), and a SIL-20AC TH
autosampler controlled by an analytical software (LC
Solution-Release 1.23SP1) were applied. Detections for the
chromatographic profile of the crude extract and the four frac-
tions were carried out using the method reported by Fernandes
et al. (2011) with slight modification. Two solvents were
applied for elution: A-water/acetic acid (99: 1; v/v) and B-
water/acetonitrile/acetic acid (79: 20: 1; v/v/v). The gradient
program was as follows: 0-30 min, 5-30% B; 30-70 min, 30—
80% B; 70-85min, 80-90% B; 85-105 min, 90-100% B;
105-135 min, 100% B, and the monitor wavelength was at
280 nm with a flow rate at 0.3 mL/min. The injection volume
was 20 uL and column thermostat was set at 25 °C. The chro-
matographic column was washed with 100% B for 20 min and
stabilized with the initial conditions for another 20 min before
running next sample.

Determination of ellagic acid was conducted in conditions
as follows: the mobile phase was 0.2% (v/v) phosphoric acid
in water (A) and acetonitrile (B) (A: B = 80: 20). The monitor
wavelength was set at 254 nm and flow rate was 1 mL/min, and
the column thermostat was set at 30 °C. The optimum crude
extract and the four fractions were diluted at a concentration
of 0.2 mg/mL and then filtered through a 0.22 pm nylon filter
in triple times. A standard curve was set up based on the peak
areas of different concentrations of ellagic acid.

2.9. Statistical analysis

Data were presented as mean + standard deviation (SD) of
three parallel measurements. The statistical significance (-
test: two-sample equal variance, using two-tailed distribution)
was determined by using Microsoft Excel statistical software
(Microsoft Office Excel 2016, Microsoft Corp. Redmond,
WA, USA). P values (<0.05) were set to be significant.
The correlations were analyzed using SPSS for Windows
(Version 17.0, SPSS Inc., Chicago, IL, USA) and were calcu-
lated using the correlation coefficient statistical option in the
Pearson test.

3. Results and discussion

3.1. Effect of ethanol concentrations on extraction efficiency

To determine an optimal solvent for preparation of phenols
from oak cups, five different solvents (0%, 30%, 50%, 80%
and 100% v/v ethanol: water) were compared. As shown in
Table 1, preparative effects by the five different solvents on
total phenols, flavonoids and tannins, and condensed tannins
all exhibited a similar increasing tendency with a maximum
at 50% aqueous ethanol and decreased to the lowest at
100% ethanol. Total phenols, flavonoids and tannins, and con-
densed tannins in the five extracts all exhibited significant dif-
ferences (P < 0.05), except that condensed tannins between
pure water and 80% aqueous ethanol extracts. Our findings
that the 50% aqueous ethanol extract contained the highest
total phenols, flavonoids and tannins, and condensed tannins
is in agreement with previous studies (Turkmen et al., 2006;
Cujié et al., 2016). Based on its satisfactory extraction,
together with the low toxicity and high safety at a trace level
after evaporation to dryness, 50% ethanol was finally selected

as the optimal extraction solvent for oak cups, and its extract
was named as ECE (50% ethanol crude extract) hereafter.

In general, tannins can be classified into two groups, the
hydrolyzable tannins and the condensed tannins. Based on
the data in Table 1, condensed tannins accounted for
36.85%, 26.27%, 21.57%, 16.69%, and 15.21% of the total
tannins (CE/GAE) in the five extracts obtained by 100%,
80%, 30%, 50%, and 0% ethanol: water (v/v) solutions,
respectively. These results unveiled that total tannins in oak
cups may be constituted mainly by hydrolyzable tannins
(accounting for 63.15-84.79%), or aqueous ethanol was suit-
able for extracting hydrolyzable tannins but not condensed
tannins. Onem et al. (2014) reported that tannins from oak
cups and beards of acorns were primarily hydrolyzable tannins
(ellagitannins). Our previous report (Zhao et al., 2011) also
showed that the predominant tannins extracted with aqueous
ethanol from chestnut (Castanea mollissima Blume) burs, also
in Castanea family, were hydrolyzable tannins. Based on all
these results, it may be implied that the tannins in oak cups
were mainly hydrolyzable rather than condensed tannins. Fur-
thermore, we found that total tannins accounted for 65.81-
77.15% of the total phenols in the five extracts, suggesting that
total tannins might be the major constituent in the oak cup
phenols, and thus hydrolyzable tannins (e.g., ellagitannins)
might be its major components.

3.2. Total phenols, flavonoids and tannins, and condensed tannins
of the ECE and the four fractions

For the purpose of use of non-toxic organic solvents in con-
ventional separation techniques, macroporous resin was uti-
lized for further isolation of bioactive components from the
ECE, and the ECE was fractionated into four fractions, with
Fraction I obtained with distilled water (labeled as Fr. I here-
after), Fraction II with 30% aqueous ethanol (Fr. II), Fraction
IIT with 50% aqueous ethanol (Fr. III), and Fraction IV with
80% aqueous ethanol (Fr. IV), respectively.

The total phenols, flavonoids and tannins, and condensed
tannins of Frs IT and III were all significantly higher than those
of the ECE (Table 2), suggesting that the four bioactive com-
ponents had been largely enriched in these two fractions. The
total phenols and tannins and the condensed tannins of Fr. IV
were relatively higher than those of the ECE, but the total fla-
vonoids were lower than those of the ECE. In contrast, the
total phenols, flavonoids and tannins in Fr. I were significantly
lower than those in the ECE, and the condensed tannins
showed no significant difference when compared to that of
the ECE.

The condensed tannins in Frs [-IV was all higher than that
in the ECE (Table 2), implying that the condensed tannins has
been well enriched by different concentrations of aqueous
ethanol through macroporous resin. Based on the data in
Table 2, the condensed tannins in Frs II, III, IV and the
ECE all accounted for less than 20% of the total tannins, fur-
ther indicating that condensed tannins was not the predomi-
nant tannins in the oak cups. In contrast, the condensed
tannins in Fr. I made up 56.79% of the total tannins, signifi-
cantly higher than those from the other three fractions, which
exhibited to be significantly different from that in the Frs II
(only 19.72%), III (15.56%), IV (18.78%) and the ECE
(16.48%), implying that water, which possesses the highest
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Table 1 Total phenols, flavonoids and tannins, and condensed tannins contents in oak cup extracts.

Extraction method Content (mg/g cup)

Total phenols®

Total flavonoid®

Total tannins® Condensed tannins®

Water 59.81 + 1.434 88.63 + 2.134 40.27 + 0.54% 6.72 + 0.374
30% ethanol 70.93 + 5.03B 9532 + 1.198 50.39 + 2.12B 10.87 + 0.428
50% ethanol 99.82 + 2.86 102.27 + 3.19€ 77.01 + 0.67€ 11.71 + 0.46°
80% ethanol 34.86 + 1.51° 46.15 + 2.19P 26.87 + 0.69° 7.06 + 0.56"
100% ethanol 18.31 + 1.27% 25.52 + 0.49F 12.05 + 0.68% 4.44 + 0.13°

ABCD.E[, each column different letters mean significant differences between two groups (P < 0.05).

% Data expressed in mg equivalent of gallic acid (GAE) to 1 g of cup.

® Data expressed in mg equivalent of rutin (RE) to 1 g of cup.
¢ Data expressed in mg equivalent of catechin (CE) to 1 g of cup.

polarity in the four eluting solvents (water and 30%, 50% and
80% aqueous ethanol), was optimal in enriching condensed
tannins from the oak cups.

The extracting or eluting yield, and the total phenols, flavo-
noids and tannins, and the condensed tannins of the ECE and
the four fractions per gram of oak cups are shown in Table 3.
Among the four fractions, the eluting yield of Fr. I was the
highest, accounting for 45.23% of that of ECE, followed by
significant decreases in Frs I, III and IV (14.49%, 3.87%,
and 3.25%, respectively). Besides the highest eluting yield,
total phenols, flavonoids, tannins and condensed tannins in
Fr. IT were the highest and the percentage of total phenols, fla-
vonoids and tannins, and the condensed tannins in Fr. IT alone
accounted for 76.30%, 77.10%, 80.71% and 73.77%, respec-
tively, of the total yields of Frs I-1V, suggesting that most of
the bioactive compounds existed in Fr. II. In addition, total
phenols, flavonoids and tannins, and condensed tannins in
all these four fractions accounted for 71.51%, 74.00%,
74.06% and 97.01% of those in the ECE, and all of which were
higher than those of the total eluting yield (66.83%), suggest-
ing that most of bioactive constituents, especially the con-
densed tannins (97%), were further enriched from
macroporous resins by different concentrations of aqueous
ethanol. This further indicated that macroporous resin was a
superior isolation method for oak cup extract.

In a previous study, Ogawa et al. (2008) used Diaion HP-
20, Chromatorex ODS 1024T, and Sephadex LH-20 chro-
matography to fractionate the seed shells of Aesculus turbinate,
and they obtained the highly purified fractions of polyphenols.
However, their purification method was involved in three dif-
ferent chromatography, including macroporous resin and
normal-phase and reverse-phase chromatography. In addition,
too much toxic methanol was used in their method. In this
sense, the one-step HPD-100 macroporous resin chromatogra-
phy procedure in our study was a simple, effective and
environment-friendly method for isolation and enrichment of
phenols from oak cups.

3.3. Antioxidant capacities of the ECE and the four fractions

Many analytical methods are used to measure the antioxidant
activity of substances, yet little is known about the compara-
bility of the tested results between different methods. Previous
researches have shown that one single method can hardly

reflect comprehensive antioxidant capacity generated by a ser-
ies of complex compounds in the plant, because different
antioxidant compounds may act through distinct mechanisms
against oxidizing agents (Marazza et al., 2012; Xiao et al.,
2014). For this reason, five different antioxidant assays were
employed to detect the antioxidant capacities of the ECE
and four fractions. Among these methods, DPPH, ABTS,
reducing power and ORAC were all chemical methods, while
CAA was a cell-based biological antioxidant assay.

3.3.1. DPPH and ABTS antioxidant capacities

Free radical scavenging ability (RSA) of the ECE and four
fractions were firstly evaluated with the changes of absor-
bances caused by the reductions in DPPH" and ABTS free rad-
icals (Fig. 1), and the more rapidly the absorbance changes, the
more potent the antioxidant activity of the extract presents in
terms of its hydrogen atom-donating capacity (Wang et al.,
2013). As shown in Fig. IA, DPPH" scavenging activity of
the ECE increased in a dose-dependent manner, and it
increased rapidly up to a concentration at 0.05 mg/mL, then
relatively slowly at concentrations between 0.05 and 0.2 mg/
mL. The antioxidant activities of Frs II and III were higher
and those of Frs I and IV were lower than those of the ECE
at all concentrations, among which Fr II exhibited the highest,
while Fr IV displayed the lowest capacities of scavenging free
radicals, respectively. These suggest that the bioactive com-
pounds might be more effectively enriched by the Frs Il and
III than those by Frs I and IV. Similar tendency was found
in ABTS assay (Fig. 1B). The ABTS free radical scavenging
activity of the ECE showed an increase in a concentration-
dependent manner, and it increased slowly at first, then
quickly, and finally increased slowly again. The same antioxi-
dant order to that found in DPPH assay (Fig. IA) was
observed at all the measured concentrations as follows: Fr.
II > Fr.III > ECE > Fr.I > Fr. IV. The structure of pheno-
lic compounds is a key determinant of their radical scavenging
activity, and the antioxidant activity usually depends on the
numbers and positions of the hydroxyl groups in relation to
the carboxyl functional group (Hayes et al., 2011). As the four
fractions were subsequently eluted through macroporous
resins by different polar solvents, the compositions as well as
the contents were all different. Hence, we speculated that the
high antioxidant activity of Frs II and III might be attributed
to their distinct chemical structure. Additionally, it had been



Phenol-rich oak-cups and antioxidant activity

255

Table 2 Total phenols, flavonoids and tannins, and condensed tannins in the ECE and the four fractions per gram of extract.

ECE Fr. 1

Fr. IT Fr. 11T Fr. IV

255.74 + 7.298
383.48 + 7.63°

519.50 + 11.29*
598.30 + 9.39”
388.23 + 13.014
63.97 + 6.5

TP mg GAE/g extract
TF mg RE/g extract
TT mg GAE/g extract

CT mg CE/g extract 68.44 + 5334

120.52 + 12.31B

621.83 + 44.31€
463.38 + 16.24F
448.76 + 31.75%
84.29 + 9.40

796.77 + 28.99P
797.40 + 17.22P
608.95 & 24.57°
94.73 £ 10.45°

626.67 + 8.87¢
754.80 + 11.28€
513.10 + 11.83€
101.17 + 7.928

AB.CD.E1) each line different letters mean significant differences between two groups (P < 0.05).
TP: total phenols; TF: total flavonoids; TT: total tannins; CT: condensed tannins.

Table 3 Extracting or eluting yield and total phenols, flavonoids and tannins, and condensed tannins in the ECE and the four

fractions per gram of oak cup.

ECE Fr. 1 Fr. II Fr. III Fr. IV
Yield mg/g cup 185.43 + 4.494 26.86 + 1.75° 83.87 + 1.27€ 7.17 + 0.19P 6.02 + 0.22F
TP mg GAE/g cup 99.82 + 2.86% 7.12 + 0.58 54.46 + 2.23¢ 5.92 + 0.62° 3.88 + 0.80F
TF mg RE/g cup 102.27 + 3.19% 9.49 + 0.61° 58.35 + 0.94€ 527 + 0.37° 2.57 + 0.29%
TT mg GAE/g cup 77.01 + 0.674 3.46 + 0.358 46.03 + 1.06¢ 4.66 + 0.19° 2.88 + 0.20F
CT mg CE/g cup 11.71 + 0.46" 1.81 + 0.208 8.38 + 0.66% 0.67 + 0.05° 0.50 + 0.045%

ABCDEL each line different letters mean significant differences between two groups (P < 0.05).

reported that the high molecular weight phenols (tannins) had
stronger ability than the other specific functional groups to
quench ABTS free radical and their effectiveness depended
on its molecular weight, number of aromatic rings, and nature
of hydroxyl group’s substitution (Cai et al., 2014; Hagerman
et al., 1998). Therefore, it can be implied that the high capac-
ities of ABTS free radical scavenging activity of Frs II and III
might be due to the presence of a larger amount of high molec-
ular weight phenols than those of the ECE and the other two
fractions.

Defined as concentration value of the ECE or each of the
four fractions when eliminating 50% of DPPH" and ABTS
radicals, ECso for DPPH and ABTS exhibited a same order:
Fr. II < Fr. Il < ECE < Fr. I < Fr. IV (Table 4; A lower
EC50 value indicated a stronger antioxidant ability). The
results showed that levels of total phenols, flavonoids and tan-
nins in Fr. II are lower than those of Fr. III as shown in
Table 2; however, antioxidant ability of Fr. II is contradicto-
rily higher than that of Fr. III (Table 4), indicating that those
three components may take minor responsible for the fact of
higher antioxidant capacity of Fr. II than that of Fr. III, or
Fr. II may contain certain phenols, flavonoids and/or tannins
with much higher antioxidant activity that were lower in con-
centration or not included in Fr. I1I, provided that the abilities
of the components to react with different reagents (e.g., Folin—
Ciocalteu reagent and aluminum chloride) in different assays
were negligible. On the other hand, condensed tannins in Fr.
IT is higher than that in Fr. III, yet no significant difference
in condensed tannins existed between these two fractions
(Table 2), and those may imply that the fact of superiority
of antioxidant ability of Fr. II to Fr. III was more attributed
to the composition of condensed tannins rather than its con-
tents. Furthermore, constituents contained in Fr. II should
have greater polarity than those in Fr. III as they were eluted
by 30% and 50% ethanol aqueous, respectively, and thus it

could be concluded that the condensed tannins with high
polarity might made more contribution to the antioxidant
activity.

In our study, the ECs, values of the ECE and four fractions
(101.3-561.8 pg/mL) were significantly lower than those of
ascorbic acid (2210 pg/mL) (Harzallah et al., 2016), indicating
the high potentiality of oak cups as a source for natural antiox-
idants. Moreover, Frs II and III were eluted by 30% and 50%
aqueous ethanol, respectively, indicating that the polarity of
bioactive compounds might be similar to 30% and 50% aque-
ous ethanol. According to Table 3, the yield of Fr. IT was much
higher than that of the other three fractions, suggesting that
30% ethanol was the best elution solvent for isolating compo-
nents with the highest antioxidant activities. All these results
indicated that Fr. IT was the best fraction with the highest yield
and antioxidant activity when compared to those of the ECE
and the other three fractions.

3.3.2. Reducing power

Reducing power is a method to examine the antioxidant ability
of plant extracts based on a single electron transfer reaction.
As presented in Fig. 2, all the absorbances were highly corre-
lated with the concentrations of extracts (R? > 0.98), indicat-
ing that the reducing power assay was reliable for estimating
the antioxidant capacity of oak cup extracts. Based on this
assay, the reducing power is positively correlated with the
slope. Accordingly, the reducing power of the ECE exhibited
a linear dose-dependent increase. The reducing power of Frs
IT (218.4 £ 3.1 mg Trolox/g) and III (165.7 = 1.6) was both
higher, while those of Frs I (95.4 £ 1.5) and IV (45.2 £+ 0.4)
were both lower than that of ECE (154.4 + 3.1) at all mea-
sured concentrations, and these four fractions all displayed
an linear and dose-dependent increase in the reducing power.
The results showed that the sequence in the reducing
power was consistent with those of DPPH and ABTS radical
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Figure 1  Antioxidant capacity of the ECE and four fractions by
DPPH and ABTS colorization assays. Four concentrations of
ECE and the four fractions were chosen to be subjected to DPPH
and ABTS to examine their corresponding DPPH (A) and ABTS
(B) radical scavenging activity. The absorbance was determined at
517 nm for DPPH, and at 734 nm for ABTS. Trolox was used as
the positive control to ensure that the results were reliable. The
results were presented as mean £ SD of three independent
experiments (n = 3) and expressed as the concentrations of the
ECE or each of the four fractions versus DPPH or ABTS radical
scavenging activity (RSA) (%).

scavenging assays with respect to antioxidant activity, namely,
Fr. IT > Fr. III > ECE > Fr. I > Fr. IV. The antioxidant
activity of Fr. II was 1.41- and 4.83- times higher than those
of ECE and Fr. IV, respectively (Table 5). In addition, it
had been reported that the reducing properties in foods were
associated with reductones (Harzallah et al., 2016). The pheno-
lic compounds present in the ECE and four fractions may act
in a similar fashion as reductones by donating electrons and
quenching free radicals.

Table 4 Antiradical activities in the ECE and four fractions.
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Figure 2 Reducing power of the ECE and four fractions. Four

concentrations (0.05, 0.1, 0.15 and 0.2 mg/mL) were examined to
evaluate the reducing power for ECE and the four fractions, and
the absorbance was read at 700 nm. Trolox was used as the
positive control to ensure that the results are rigorous. Results
were expressed as mean = SD of three independent experiments
(n = 3) and as the concentration of the ECE or each of the four
fractions versus absorbance at 700 nm. The high slope of the line
indicated strong reducing power.

3.3.3. ORAC and CAA

The ORAC assay, which could closely reflect the antioxidant
capacity in biological systems (Prior et al., 2005), is a method
for assessing total antioxidant activity. The assay is based on a
hydrogen atom transfer reaction in which peroxyl radical
ROO" abstracts a hydrogen atom from the antioxidant com-
pounds. The ORAC values of ECE and four fractions are
shown in Fig. 3A. The ORAC value of Fr. II was the highest,
followed by those of the ECE, Fr. III, Fr. I and Fr. IV. This
tendency was a little different from DPPH, ABTS and reduc-
ing power, with the ORAC value of the ECE is higher than
that of the Fr. III (but no significant difference), while the
antioxidant activity of Fr. III was significantly higher than that
of the ECE in DPPH, ABTS and reducing power assays. This
difference might be due to the different chemical properties of
bioactive compound and the distinct mechanisms of these four
different antioxidant methods.

Moreover, comparing the antioxidant activity of Rhodiola,
a widely used Chinese herbal medicine with recognized strong
antioxidant capacity, the values of ORAC in our study were
much higher than those of Rhodiola extract (229.70
+ 17.02 mg Trolox/g) (Sun et al., 2012). Sharpe et al. (2016)
had reported that the ORAC value of green tea was approxi-
mately 525.63 mg Trolox/g, which was still much lower than

ECs (ng/mL)

ECE Fr. I Fr. II Fr. 11 Fr. IV
DPPH 140.0 + 8.34 344.8 + 48.7° 101.3 + 17.1€ 141.3 + 6.4° 561.8 + 62.2F
ABTS 122.0 + 7.3 2143 + 3228 82.3 + 7.2€ 1232 + 6.4° 337.0 + 28.1F

ABCD.EL, each line different letters indicate significant differences between two groups (P < 0.05).

ECE: 50% ethanol crude extract.
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Table 5 Correlation analyses.

TP

TF

TT

CT

DPPH

ABTS

ORAC

CAA

EA

TP 1
TF 0.789
TT 0.988""
CT 0.720

1
0.853
0.703

0.748

DPPH 0.233
ABTS 0.566
RP 0.328
ORAC 0.150
CAA 0.293
EA 0.678

¥

0.770
0.949
0.830"
0.695
0.782
0.615

s

0.362
0.663
0.451
0.290
0.417
0.616

0.436
0.644
0.456
0.400
0.265
0.375

0.928"
0.993"
0.990"
0.946"
0.146

*

*

0.957"
0.879"
0.894"
0.437

0.972"
0.966"
0.223

0.928"
—0.151

0.190

RP: reducing power; EA: ellagic acid.
“Significant correlation at P < 0.05.
" Positive significant correlation at P < 0.01.

the ORAC value of the ECE and Frs I-1II in our study. This
also implied the superior antioxidant activity of oak cups.

The CAA assay based on HepG?2 cells is a highly biologi-
cally relevant approach which reflects the absorption, metabo-
lism and distribution aspects of antioxidants at the cellular
level (Wolfe and Liu, 2007). The principle of CAA is as fol-
lows: DCFH-DA diffuses into the cell to form polar DCFH,
which is trapped within the cell. AAPH is also able to diffuse
into cells and spontaneously decomposed to form peroxyl rad-
icals. These peroxyl radicals attack the cell membrane to pro-
duce more radicals and convert (oxidize) the intracellular
DCFH to the fluorescent DCF.

The level of oak cup extracts used in our experiments,
including the ECE and four fractions, was under the non-
toxic level to HepG2 cells (data not shown). Quercetin and
kaempferol were used as positive controls to test the reliabili-
ties of CAA. Our results showed that the ECs, values of quer-
cetin and kaempferol were 5.92 £ 0.07puM and 7.85
+ 0.51 uM, respectively, both lower than those reported by
Wolfe and Liu (2007). After calculation, kaempferol was
75.37 £ 11.22 umol of QE/100 pmol in our study, consistent
with that reported by Wolfe and Liu (2007) (75.3 + 4.7 umol
of QE/100 pmol), indicating that CAA values in the present
experiments are reliable. The slight difference in ECs, value
between our results and that of Wolfe and Liu (2007) may
be due to the different free radicals used (ABAP or AAPH)
and the condition of HepG2 cells (Liu and Huang, 2014).

As shown in Fig. 3B, CAA values of the ECE, and Frs II
and III were all significantly higher than those of the Frs I
and IV, with Fr. II being the highest, followed by the ECE,
Fr. 111, Fr. I and Fr. IV. These results were in agreement with
those of ORAC, thus also a little different from data in the
DPPH, ABTS and reducing power assays.

Furthermore, the antioxidant activities of Fr. II and the
ECE were even higher than those of black tea extract
(16.4 umol QE/100 mg) (Liu and Huang, 2014), suggesting
that oak cup extract might play a superior antioxidant role
against the AAPH-generated peroxyl radicals by protection
against oxidant attack to cell membrane, thus preventing from
the oxidation of DCFH to DCF in HepG?2 cells.

The CAA and ORAC assays, together with DPPH, ABTS
and reducing power methods, suggested that the antioxidant
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Figure 3  Antioxidant activity of the ECE and four fractions by
ORAC and CAA. Samples of the ECE and four fractions (n = 3)
were analyzed for ORAC (A) and values were expressed as Trolox
Equivalents (TE)/g. The same samples (n = 4) were also analyzed
by CAA (B) and the obtained values were expressed as Quercetin
Equivalents/g.

activity of Fr. II was the highest, suggesting the profound sig-
nificance of Fr. II for further study.

3.4. Chromatographic profiles and ellagic acid contents in the
ECE and the four fractions

To probe into the relationship between antioxidant ability
and constituents in the ECE and its four fractions, HPLC
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was applied. As shown in Fig. 4, ECE contained relatively
complete but low concentration constituents of oak cups,
and ellagic acid, one of the main compounds, was observed
at about 120 min which is validated by its standard labeled
as EA. After fractionation of ECE with macroporous resins,
most of the constituents were observed to be enriched in Frs
I and II though their chromatographic profiles were notably
different. The bioactive constituents in Fr. I were mainly
washed out from 10min to 60 min and from 70 min to
100 min, and ellagic acid is observed to be run out at
120 min. In contrast, those of Fr. II were primarily washed
out from 30 min to 120 min, indicating the differences of
components between Fr. I and Fr. II. The chromatographic
profile of Fr. III is shown in Fig. 4 in two formats labeled as
Fr. I1I-1 and Fr. I11-2, and the difference existed in the scale
of y-axis. Fr. III-1 showed that the main bioactive con-
stituents in Fr. III were washed out at 60 min with one single
peak and from 75 min to 125 min with several peaks, sug-
gesting that constituents enriched in Fr. III including ellagic
acid were far less polar than those in Fr. I and Fr. II. More-
over, Fr. III-2 clearly demonstrated that Fr. III enriched the
largest amount of ellagic acid in all these fractions, which
was calculated to be much higher than the ECE and the
other three fractions (contents of EA in Fr. IIT is 4.09 folds
of that in ECE, and 7.10 folds of that in Fr. I, 6.68 folds of
that in Fr. II, 4.70 folds of that in Fr. IV; also see Fig. 5). In
addition, Fr. IV was displayed to contain none but a com-
parative level of ellagic acid to Frs I and II, indicating the
complete enrichment of Frs I, II and III for the bioactive
compositions from the ECE.

Ellagic acid contents of the ECE and the four fractions are
shown in Fig. 5. Fr. III presented the highest content of ellagic
acid (58.76 + 0.41 mg/g extract), followed by the ECE (14.35
+ 0.15 mg/g extract), Fr. IV (12.50 £ 0.21 mg/g extract), Fr.
IT (8.80 + 0.25mg/g extract) and Fr. I (8.28 + 0.24 mg/g
extract). Our results indicated that this HPD-100 macroporous
resin chromatography procedure can succeed in partially sep-
aration of complete components in ECE, and the established
procedure provided an effective, low cost and simple method
for enrichment of bioactive constituents and purification of
ellagic acid from oak cups.

3.5. Correlation analysis among total phenols, flavonoids,
tannins, condensed tannins and antioxidant capacities

There was no correlation among total phenols, flavonoids and
tannins, and condensed tannins, except that total phenols were
significantly  positively correlated with total tannins
(R* = 0.988, P < 0.01), as shown in Table 5 (data above the
horizontal dash line). The correlations among the antioxidant
assays were highly positive (0.879 < R*> < 0.993, P < 0.05),
indicating that these five assays, at both chemical and biolog-
ical levels, provided comparable values when they were used
for estimating the antioxidant capacity of oak cup extracts
(Table 5; data on the right side of the vertical dash line).

As shown in Table 5 (data below the horizontal and on the
left side of the vertical dash lines), there was no significant cor-
relation among total phenols, tannins, condensed tannins, ella-
gic acid, and DPPH, ABTS, reducing power, ORAC and
CAA, while total flavonoids was significantly positively corre-
lated with DPPH, ABTS and reducing power, indicating that
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Figure 4 HPLC chromatograms of the ECE, four fractions and
ellagic acid. The ECE and each of the four fractions were applied
to a C;g RP-HPLC column and elution was achieved by a gradient
at a flow rate of 0.3 mL/min and was monitored at 280 nm. ECE
or each of the four fractions (2 mg/mL) and ellagic acid standard
(8 pg/mL) was subjected to HPLC to perform composition
analysis. ECE indicates 50% ethanol crude extract of oak cups,
Frs I-IV mean fractions obtained from HPD-100 macroporous
resin chromatography, fraction III was exhibited in two formats
labeled as Fr. I1I-1 and Fr I1I-2, and EA designates ellagic acid
standard.

total flavonoids is the most important contributor to antioxi-
dant capacity in oak cup extracts.

It is generally accepted that flavonoids can be enriched by
using 30% ethanol in the macroporous resin chromatography.
In our study, Fr. IT were prepared by 30% ethanol through
HPD-100 macroporous resin chromatography and our data
indeed showed high contents of flavonoids in the Fr. II, being
consistent with the common view. Fr. III-2 displayed that Fr.
IIT contained extremely high level of ellagic acid. And our
experiment demonstrated that ellagic acid can be inaccurately
colorized as flavonoid in the total flavonoid colorization assays
though it in fact belongs to non-flavonoid polyphenol, which
can explain why Fr. III showed high contents of flavonoids
assay and even higher than that of Fr. II (Table 2). Therefore,
the facts that flavonoids alone were positively correlated with
antioxidant capacity and antioxidant capacity of Fr. II were
stronger than that of Fr. IIT might be related to composition
as well as contents of flavonoids except to ellagic acid. It is
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Figure 5  Ellagic acid contents of the ECE and four fractions.
HPLC was used to determine the ellagic acid contents in ECE and
the four fractions. Results were expressed as mg ellagic acid/g and
presented as mean = SD of three independent experiments
(n = 3). The different letters mean significant difference
(P < 0.05).

defined that condensed tannins are polymers of 2-50 (or more)
flavonoid units that are joined by carbon—carbon bonds. In
this sense, therefore, we hypothesized that compositions of
condensed tannins as well as contents might make a consider-
able contribution to antioxidant capacities of Fr. II. In addi-
tion, Fr. II was indeed determined to have different
constituents with Fr. III as demonstrated by HPLC profile,
which provided solid evidence for above hypothesis, and con-
densed tannins with high polarity might take major responsible
for highest antioxidant activity of Fr. II.

Collectively, the bioactive components in these four frac-
tions were eluted subsequently by different solvents, thus the
compositions of these four fractions were both different with
each other and this was indeed exhibited by HPLC profile.
Therefore, the fact that positive correlation of total flavonoids
to DPPH, ABTS and reducing power might not only depend
upon the amount but the composition of bioactive components
as well.

Previous studies reported that the total antioxidant capac-
ity of plant extracts is not only affected by the content of
antioxidants, but their chemical composition as well (Avila-
Reyes et al., 2010). This explains that different components
in plant extracts contribute unequally to their total antioxidant
ability (Zou et al., 2016). In this study, we observed that those
antioxidant activities were not clearly associated with the con-
tents of total phenols and total tannins. This result was consis-
tent with the report of AVila-Rcycs et al. (2010), who found
that the antioxidant activities were not clearly associated with
the contents of total phenol. Therefore, our finding indicated
that flavonoids may be more important for antioxidant activity
than any particular phenolic concentration, and this was fur-
ther confirmed by enrichment of flavonoids in Fr. I in our
work.

4. Conclusion

The current study investigated the impact of different concentra-
tions of aqueous ethanol on the extraction and isolation of bioac-
tive compounds by HPD-100 macroporous resin chromatography
from the Mongolian oak cups, as well as its antioxidant capacity.

Overall, oak cups contained considerable phenols, flavonoids and
tannins, and exhibited high antioxidant capacity. Our data demon-
strated that 50% aqueous ethanol was the most effective extraction
solvent and Fr. II eluted with 30% aqueous ethanol from HPD-100
macroporous resin exhibited the highest extract yield. Fr. II also
collected the majority of total phenols, flavonoids, tannins and con-
densed tannins from the ECE. In the sense of antioxidant ability,
Fr. II displayed consistent highest antioxidant activity in the antiox-
idant assays. Therefore, Fr. II should be chosen as the best fraction
to be further explored. In addition, enrichment of major amounts
of ellagic acid in Fr. II indicated that the one-step HPD-100
macroporous resin chromatography procedure could be applied as
the simple and effective preparative procedure for preparation of
ellagic acid from oak cups. Therefore, oak cups, an abundant and
low-cost resource, possessed great potential to be explored as a
source of bioactive compounds and natural antioxidants. In general,
our study extends the knowledge on the bioactive composition and
antioxidant ability and applications of oak cups in pharmaceutical,
cosmetic or food industries. Nevertheless, identification of specific
compounds from the ECE and the four fractions, and confirmation
of the key components contributing to the antioxidant activity
should require to be further studied to evaluate the effects of frac-
tionation of macroporous resin on the variation of oak cups’ phe-
nol constituents and their bioactivities as well as the composition-
activity relationship.
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