
Antioxidant activity and contents of leaf extracts obtained
from Dendropanax morbifera LEV are dependent on the collecting
season and extraction conditions

Ji Sun Youn1 • Young-Jun Kim1
• Hye Jin Na2 • Hae Rim Jung2 • Chang Khil Song3 •

So Young Kang3 • Ji Yeon Kim1

Received: 21 December 2017 / Revised: 12 February 2018 / Accepted: 1 March 2018 / Published online: 19 March 2018

� The Korean Society of Food Science and Technology and Springer Science+Business Media B.V., part of Springer Nature 2018

Abstract This study compared the antioxidant activity of

extracts from Dendropanax morbifera (D. morbifera)

Levillis leaves. The concentrations of flavonoids and

polyphenols were measured in extracts of D. morbifera

leaves. The antioxidant activities were examined by ABTS

and DPPH radical scavenging activity and ferric reducing

antioxidant power (FRAP). Total flavonoid and polyphenol

contents, and FRAP were highest in the 30% ethanol

extract collected in May. The ABTS and DPPH radical

scavenging activities were the highest in the 60% ethanol

extract harvested in May. For investigating the relationship

between antioxidant activity and specific polyphenols, rutin

and chlorogenic acid of the polyphenol component were

quantified by LC–MS/MS analysis. The concentrations of

them were highest in the 60% ethanol extract collected in

May, and showed positive correlations with antioxidant

activities. The optimal extraction conditions to yield the

most effective antioxidant activity were obtained using a

60% ethanol extraction solvent with samples collected in

May.
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Introduction

Reactive oxygen species (ROS), natural byproducts of

metabolism, include hydrogen peroxide, superoxide,

hydroxyl radical and peroxynitrite. However, ROS caused

by environmental factors, and habitual factors such as

stress and excessive exercise can attack proteins, DNA and

membrane lipids [1, 2]. Oxidative stress leads to the pro-

duction of ROS that damage cellular structures. Oxidative

stress is associated with various medical disorders,

including degenerative neuronal diseases [3], acquired

degeneration of the retina [4], hypertension [5], metabolic

syndrome [6] and progressive lung diseases such as chronic

obstructive pulmonary disease [7]. A variety of antioxi-

dants have been developed to prevent ROS induced dam-

age; however, the safety of using synthetic antioxidants

remains unclear. Moreover, natural antioxidants have been

found because of the trend toward using natural rather than

synthetic antioxidants [8, 9].

Dendropanax morbifera (D. morbifera) Léveille

(Araliaceae) is an evergreen broad-leaved tree that is found

in southwest Korea, e.g., Jeollanamdo or Jeju Island

[10, 11]. The tree has been used as a non-official alternative

medicine for the treatment of headaches, infections and

skin problems [12]. The methanol extracts of leaves and

debarked stems from D. morbifera have effective antioxi-

dant and anticancer properties [13]. Polyacetylenes from D.

morbifera, such as dendropanoxide, amyrin, a-glutinol,
falcarinol, falcarindiol and diynene, have also been iden-

tified to have anti-complement activity [10, 14]. The den-

dropanoxide contained in D. morbifera was reported to

show an anti-diabetic effect [15]. The antioxidant activities

of extracts from D. morbifera have been reported to vary

because of the ethanol concentration used in the extraction

solvent [16]. According to Ahn et al. [17], the chemical
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composition of D. morbifera displays seasonal variation.

Therefore, in this study, the antioxidant activity of D.

morbifera leaves was evaluated by collecting samples from

different seasons (May, August and November) and using

different extraction solvent conditions (hot water, 30%

ethanol and 60% ethanol). In addition to evaluating the

antioxidant activity, we also compared the concentrations

of major flavonoids such as rutin and chlorogenic acid.

Materials and methods

Materials

Sodium nitrite was purchased from ACROS (Geel, Bel-

gium). Aluminum chloride and sodium carbonate were

obtained from Junsei Chemical Co., Ltd. (Tokyo, Japan).

Sodium hydroxide, potassium persulfate, ethanol and

sodium acetate were obtained from Dae Jung (Seoul,

Korea). Iron chloride was obtained from Duksan (Ansan,

Gyeonggi). Folin-ciocalteu’s phenol reagent, catechin, 2,2-

diphenyl-1-picrylhydrazyl (DPPH), ascorbic acid, chloro-

genic acid, 2,2-azino-bis(3-ethylbenzothiazodine-6-sul-

fonic acid) diammonium salt (ABTS), HPLC grade acetic

acid and rutin were purchased from Sigma-Aldrich (St.

Louis, MO, USA). Gallic acid monohydrate, acetic acid

and hydrochloric acid were obtained from Samchun

(Pyeongtaek, Gyeonggi). 2,4,6-Tris(2-pyridyl)-1,3,5-tri-

azine (TPTZ) was purchased from Showa chemical Co.,

Ltd. (Tokyo, Japan). HPLC grade methanol was purchased

from J.T. Baker Inc. (Deventer, Netherlands)

Sample preparation

The leaves of a 10-year-old D. morbifera tree were col-

lected from Jeju Island in May, August and November. The

collected leaves were air-dried at 50 �C for 15 h. Three

solvents, water, 30% ethanol and 60% ethanol (v/v), were

used to determine the optimal extraction conditions for

antioxidant effects. Water extraction was performed in a

water-bath at 85 �C for 3 h. The 30% ethanol extraction

was carried out at 75 �C for 4 h, whereas the 60% ethanol

extraction was performed at 70 �C for 4 h. The solutions

were filtered under reduced pressure and the supernatant

concentrated using a rotary evaporator and a vacuum drier.

The extracts were lyophilized and stored at – 20 �C.

Total flavonoid measurement

The total flavonoid content in each D. morbifera extract

was measured by the aluminum chloride colorimetric

method using catechin as the standard [18, 19]. The sample

solution (100 lL) was added to 5% sodium nitrite (30 lL)

and diluent water (400 lL). After 5 min at room temper-

ature, 10% aluminum chloride (30 lL) was added for

6 min. After 1 M sodium hydroxide (200 lL) was added

with diluent water (240 lL), the absorbance of the solution
at 510 nm was measured immediately. Total flavonoid

content was expressed as mg of catechin equivalent (CE)/g

sample.

Total polyphenol measurement

The total polyphenol contents were determined using the

Folin-Ciocalteu assay [19]. The sample solution (300 lL)
was mixed with Folin–Ciocalteau (160 lL) and diluent

water (250 lL) for 5 min. Ten percent sodium carbonate

solution (300 lL) was then added to the reaction and the

solution incubated for 30 min at room temperature. The

absorbance was measured at 750 nm using a spectropho-

tometer (BioTekInstruments, Inc., Winooski, VT, USA).

The results were expressed as mg of gallic acid equivalent

(GAE)/g sample.

ABTS radical scavenging activity

The ABTS radical scavenging assay was carried out

according to a previous method [20]. Ascorbic acid was

used as the positive control. The ABTS stock solution was

prepared from 7 mM ABTS (5 mL) and 140 mM potas-

sium persulfate (88 lL). After 16 h in the dark at room

temperature, the stock solution (250 lL) was diluted with

ethanol (22 mL). The sample (50 lL) was mixed with the

ABTS solution (1 mL) for 3 min. The absorbance was

determined at 734 nm. The ABTS radical scavenging

capacity was calculated using the following equation. Ac is

the absorbance of the control, reacted with ethanol (50 lL)
and the ABTS solution (1 mL). As is the absorbance of the

sample.

ABTS radical scavenging activity %ð Þ
¼ Ac�Asð Þ=Ac½ ��100

DPPH radical scavenging activity

The DPPH radical scavenging assay was modified

according to a previous method [21, 22], using ascorbic

acid as the positive control. The 0.1 mM DPPH working

solution diluted with ethanol (150 lL) was added to the

sample (50 lL). After 30 min in the dark, change in

absorbance (decrease) at 515 nm was measured using a

spectrophotometer. The DPPH radical scavenging effect

was calculated using the following equation. Ac is the

absorbance of the control, reacted with ethanol (50 lL) and
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the DPPH working solution (1 mL). As is the absorbance of

the sample.

DPPH radical scavenging activity %ð Þ
¼ Ac�Asð Þ=Ac½ ��100

Ferric reducing antioxidant power

The FRAP assay was performed according to a previous

method [23]. As a FRAP reagent, 300 mM sodium acetate

buffer (pH 3.6, 10 mL) was added to 10 mM TPTZ solu-

tion in 40 mM hydrochloric acid (1 mL) and 20 mM iron

(III) chloride (1 mL). The FRAP reagent was used in a

water bath at 37 �C. The sample (20 lL) was mixed with

the FRAP reagent (150 lL). The absorbance was deter-

mined at 593 nm immediately. The FRAP value was

recorded with the following equation. Ac is the absorbance

of the positive control, reacted with ascorbic acid (20 lL)
and the FRAP reagent (150 lL). As is the absorbance of the

sample. Ab is the absorbance of the blank, reacted with

distilled water (20 lL) and FRAP reagent (150 lL).

FRAP value %ð Þ ¼ As�Abð Þ= Ac�Abð Þ½ ��2

Liquid chromatography-tandem mass spectrometry

(LC–MS/MS) assay

The LC–MS/MS assay was based on a previous method

[24, 25]. This analysis used a Vanquish UHPLC System

(Thermo Fisher Scientific, Bremen, Germany) equipped

with an Accucore aQ C18 column (2.1 9 100 mm; i.d.,

2.6 lm) and a Q Exactive Plus mass spectrometer (Thermo

Fisher Scientific, Waltham, MA, USA). The temperature of

the column oven was maintained at 35�C. The mobile

phase for LC consisted of 0.1% (v/v) formic acid in water

(solvent A) and 0.1% (v/v) formic acid in acetonitrile

(solvent B) and was applied as follows: 0–2 min, 5% (B);

2–13 min, 5–100% (B); 13–16 min, 100% (B); 16–17 min,

100–5% (B), followed by re-equilibration with 5% (B) for

17–20 min at a flow rate of 0.4 mL/min and an injection

volume of 1 lL. Chlorogenic acid and rutin in the extracts

of D. morbifera were verified by matching their retention

times with those of external standards. A stock mixed

standard solution of chlorogenic acid and rutin was pre-

pared in methanol. Standard calibration curves were con-

structed over the concentration range of 0.0001–0.01 mg/

mL. Lyophilized D. morbifera extracts were dissolved in

methanol, filtered and injected into the UHPLC system.

The compounds isolated from the D. morbifera extract

were quantified by electrospray ionization (ESI) positive

tandem MS.

Statistical analysis

Statistical analyses were performed using Duncan’s mul-

tiple range test one-way analysis of variance (ANOVA)

(SPSS 20, SPSS Inc., Chicago, Illinois, USA). P val-

ues\ 0.05 were considered statistically significant. Cor-

relations were tested using Pearson’s correlation coefficient

(R) by the IBM SPSS Statistics software. The data are

presented as the mean ± standard error for triplicate

determinations.

Results and discussion

Total flavonoid and polyphenol content

Analysis of the total flavonoid content revealed that the

30% ethanol extract harvested in May had the highest

content at 88.6 mg CE/g (Fig. 1A). The lowest content was

found in the 60% ethanol extract harvested in November

with a value of 40.5 mg CE/g. In comparison, an Ulmus

pumila extract showed a value of 0.615 mg CE/g [26] and

the edible rose yielded a value less than 5 mg CE/g [27].

Thus, the flavonoid content of our extracts is relatively

high when compared with that of previous samples from

different plant extracts.

The total polyphenol content of the 30% ethanol extract

harvested in May was also significantly higher than the

other extracts (Fig. 1B). The lowest polyphenol content

was found in the 60% ethanol extract collected in

November with a value of 83.7 mg GAE/g. The polyphenol

contents in water and ethanol extracts of sea buckthorn

leaves were 120.06 and 147.78 lg/g, respectively [28]. A

similar extraction method was used in these previous

studies, indicating that the polyphenol content in extracts

of D. morbifera are remarkably high. The polyphenol

content in the 30% ethanol extract taken from samples in

May was the highest, whereas the lowest polyphenol value

was recorded when the May harvest was extracted by the

hot water extract method. The hot water extract yielded the

highest polyphenol content when samples were taken from

the August harvest, but lowest when this harvest was

extracted by 30% ethanol. In November, there was no

significant difference (P\ 0.05) among extraction solvents

used.

Antioxidant activity

Radical scavenging activities and reducing power were

analyzed to determine the antioxidant activity of the

extracts. The DPPH assay measures a change in the

stable radical DPPH by the electron donating ability of the

sample [29]. Antioxidant compounds and ABTS react to
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form a radical cation, ABTS? . Therefore, this assay can

be used to measure the antioxidant activity [30]. Radical

scavenging activities are represented by the inhibitory

concentration 50 (IC50) and vitamin C was used as a pos-

itive control (Table 1). The sixty percent ethanol extract

collected in August showed effective ABTS radical scav-

enging activity. The IC50 of the 60% ethanol extract col-

lected in August was about three times higher than the

positive control. For the DPPH radical scavenging activity,

the 60% ethanol extract collected in May was the most

active sample. Antioxidant activities increased as the

ethanol concentration in the extraction solvent increased.

The FRAP value measures the reduction of the ferric ion

(Fe3?) to the ferrous ion (Fe2?) by donor electrons in the

sample [31]. The most active extract in the FRAP assay

was the 30% ethanol extract harvested in May (Fig. 2). The

FRAP value did not follow an ethanol concentration-de-

pendent correlation. In summary, extracts with excellent

electron donating ability were the ethanol extracts collected

in May. Electron donating ability was lowest for the

extracts collected in November.

Analysis of rutin and chlorogenic acid concentration

The leaves of D. morbifera have been identified to contain

rutin, chlorogenic acid and rosmarinic acid [14]. The

measured antioxidant activities may be due to these fla-

vonoid compounds. Rutin, including quercetin, has been

shown to display antioxidant activity by preventing chronic

painful peripheral neuropathy in mice [32]. Chlorogenic

acid and caffeic acid have been shown to have antioxidant

activity in Caco-2 cells and a protective effect in an

intestinal ischemia–reperfusion mouse model [33].

The results of the LC–MS/MS analysis showed that the

60% ethanol extract collected in May had the highest

concentration of chlorogenic acid and rutin (Table 2). The

concentration of rutin in the 60% ethanol extract collected

in May was 116.71 mg/g and the concentration of

Fig. 1 Total flavonoid (A) and polyphenol (B) contents of different extracts of D. morbifera. Values are presented as the mean ± SD.

Superscripts among groups are significantly different (P\ 0.05), as determined by the Duncan’s test

Table 1 IC50 of the ABTS and

DPPH radical scavenging

activities in D. morbifera

Sampling period (Month) Extraction solvent ABTS (mg/mL) DPPH (mg/mL)

Vitamin C 1.03 ± 0.13a 0.08 ± 0.01a

May Hot water 3.42 ± 0.10bce 5.85 ± 0.75b

30% EtOH 3.30 ± 0.10be 4.57 ± 0.20cd

60% EtOH 3.18 ± 0.07b 1.88 ± 0.70d

August Hot water 3.64 ± 0.25cd 4.38 ± 0.31ce

30% EtOH 3.18 ± 0.04b 3.69 ± 0.19cf

60% EtOH 3.15 ± 0.08b 2.63 ± 0.08df

November Hot water 3.79 ± 0.14d 6.89 ± 1.25g

30% EtOH 3.75 ± 0.18d 5.70 ± 0.71bfh

60% EtOH 3.58 ± 0.37cde 5.59 ± 1.16eh

Values with different superscripts within the same column are significantly different (P\ 0.05), as

determined by the Duncan’s test
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chlorogenic acid was 36.44 mg/g. The extracts collected in

May and August showed that as the concentration of

ethanol used increased the amount of chlorogenic acid and

rutin recovered increased. This result is consistent with a

previous report, which showed that the optimal condition

for extracting chlorogenic acid and cynaroside from flower

buds of Lonicera japonica was an ethanol concentration of

60% [34]. In November, however, the concentrations were

highest in the 30% ethanol extract. This extract from D.

morbifera contained not only flavonoids but also nonpolar

compounds such as sesquiterpene and sterol compounds

[10, 15, 17]. However, in the present study, we could not

measure these nonpolar compounds. Therefore, further

effort is required to facilitate quantification of these non-

polar compounds.

Correlation between antioxidant compounds

and activities

In the present study, the relationship between antioxidant

effects and contents was investigated [3, 26, 27]. The

correlation was calculated using a regression analysis

(R = correlation coefficient; Fig. 3). The ABTS radical

activity showed a weak correlation with the flavonoids and

polyphenols (R2 = 0.599, R2 = 0.696). Additionally, the

DPPH radical activity showed a weak correlation with the

flavonoids and polyphenols (R2 = 0.585, R2 = 0.686). In

contrast, the FRAP value correlated strongly with the fla-

vonoids and polyphenols (R2 = 0.951, R2 = 0.953). Rutin

and chlorogenic acid showed relatively low correlations

between total polyphenols and flavonoids, respectively.

Compared with rutin, chlorogenic acid showed higher

correlations with total polyphenols and flavonoids

Fig. 2 Ferric reducing

antioxidant power (FRAP)

values of different extracts of D.

morbifera. Values are presented

as the mean ± SD. Superscripts

among groups are significantly

different (P\ 0.05), as

determined by the Duncan’s test

Table 2 The concentration of

chlorogenic acid and rutin in D.

morbifera

Sampling period (Month) Extraction solvent Chlorogenic acid (mg/g) Rutin (mg/g)

May Hot water 13.41 ± 0.36a 59.18 ± 0.82a

30% EtOH 24.86 ± 0.22b 95.11 ± 0.97b

60% EtOH 36.44 ± 0.27c 116.71 ± 0.29c

August Hot water 17.79 ± 0.11d 55.64 ± 1.25d

30% EtOH 29.13 ± 0.65e 84.01 ± 0.74e

60% EtOH 31.66 ± 0.10f 83.75 ± 0.08e

November Hot water 9.13 ± 0.13g 27.32 ± 0.12f

30% EtOH 36.55 ± 0.84c 97.41 ± 0.96g

60% EtOH 20.03 ± 0.54h 58.42 ± 0.83a

Values with different superscripts within the same column are significantly different (P\ 0.05), as

determined by the Duncan’s test
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(R2 = 0.788 and 0.683, respectively). Additionally, the

correlation between antioxidant activities and each flavo-

noid, such as rutin and chlorogenic acid, was also analyzed

(Fig. 3B). The ABTS radical activity showed a strong

correlation with the contents of rutin and chlorogenic acid

(R2 = 0.899 and 0.895, respectively). The DPPH radical

activity also showed a strong correlation with the concen-

tration of rutin and chlorogenic acid (R2 = 0.941 and 0.936,

respectively). A weaker correlation was observed between

the FRAP value and the concentrations of rutin and

chlorogenic acid (R2 = 0.671 and 0.691, respectively).

These results suggest that among the flavonoid compo-

nents, rutin and chlorogenic acid may affect the radical

scavenging activities of D. morbifera. Besides rutin and

chlorogenic acid, leaves of D. morbifera contain numerous

active flavonoid compounds. This is highlighted by the

observation that the total flavonoid contents showed a

strong correlation with FRAP values (Fig. 3A), whereas

rutin and chlorogenic acid concentrations showed a weaker

correlation with the FRAP values (Fig. 3B). Thus, it

appears that other flavonoids contributed to the FRAP

values. FRAP values and radical scavenging activity such

as DPPH and ABTS have different mechanisms for mea-

suring antioxidant capacity. The different mechanisms of

antioxidant effects can be described by the singlet electron

transfer (SET) based activity for FRAP values and the

mixed mode with SET and hydrogen atom transfer based

activity for DPPH and ABTS radical scavenging activities

[35].

In conclusion, by considering the antioxidant capacities

and flavonoid contents, the most suitable extraction pro-

cedure of compounds from D. morbifera leaves is 60%

ethanol with harvesting of material in May.
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