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Abstract

This study aimed to investigate the various biological activities of Geranium thunbergii such as antimicrobial activity
and protective effect against oxidative damage. To evaluate its antioxidant and antimicrobial activities, we first
performed methanol extraction; this methanol extract was further partitioned using various solvents. And then, its
antioxidant activity was measured using various assays including total phenolic content and protection against oxidative
DNA damage, and antimicrobial activities were examined using minimum inhibiting concentration (MIC) test, and
paper disc method. In addition, high-performance liquid chromatography was performed to analyze the major chemical
components of ethyl acetate fraction. The G. thunbergii fraction with ethyl acetate exhibited higher antioxidant
and antimicrobial activities than the other fractions. The results showed that G. thunbergii ethyl acetate fraction
at 50 pg/mL had strong DPPH and ABTS radical scavenging activities of 80.88% and 80.12%, respectively. In
addition, the ethyl acetate fraction protected DNA from the oxidative damage induced by ferrous ion and hydroxyl
radicals and showed high antimicrobial activity with diameter of inhibition zones ranging from 13.33 to 15.67
mm. High-performance liquid chromatography analysis revealed the major phenolic compounds of G. thunbergii
to be ellagic acid and gallic acid. These results suggest that G. thunbergii might protect DNA against oxidative
stress induced by reactive oxygen species and can be utilized as a natural source of antioxidant and antimicrobial
agent in the food industry.
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Oxidation is a biochemical reaction that occurs during food
processing and storage, and it can cause rancidity,
discoloration and deterioration shortening the shelf life (1).
In addition, oxidation can negatively affect human health
owing to its involvement in various diseases including
odontoblast, cancer, cardiovascular diseases, and osteoporosis

(2,3). Excessive levels of reactive oxygen species can lead
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to oxidative DNA damage which results in DNA double
strands breaks, mutation, and cancer (3). Antioxidants are
commonly employed in food industry and various fields to
delay the initiation or propagation of oxidation and protect
against oxidative damage induced by excessive free radicals
in cells (4). There are synthetic antioxidants such as butylated
hydroxytoluene, butylated hydroxyanisole, tert-butylhydroquinone,
and propyl gallate used in processing foods to improve quality
and stability (5). However, these compounds are toxic,
carcinogenic in animal models, and may cause liver damage
(6). Hence, many studies have focused on natural antioxidants
derived from plants, seaweeds, vegetables, and fruits which
are considered beneficial for human health and have wide
applications in food industry (7,8).

Conventional physical and chemical methods are
commonly used to prevent food contamination and spoilage.
However, the high temperature may result in poor product
quality; and chemical preservatives such as ascorbic acid,
sodium metabisulphate, and nitrite have safety concerns and
tend to be bioaccumulated (9). Moreover, consumers are
increasingly concerned about the potential risk of chemical
residues in food (10). Hence, several studies have focused
on naturally-derived preservatives with potential for
application in food industry (9,11,12).

Plants are good sources of medicine and food, traditionally
used for prevention of various diseases, and rich in secondary
metabolites including vitamins, polyphenol, and minerals. In
addition, many studies have reported their antimicrobial and
antioxidant activities in food industry (13,14). G. thunbergii
also called Ziijpul, or Hyuncho, is a perennial plant belonging
to the Geraniaceae family. It is used as an oriental medicinal
plant in East Asia, for diarrhea, constipation and
gastrointestinal disorders (15). It is a well known a
-glucosidase inhibitor (16), functional material in seasoning
sauce for pork meat (15), and anti-inflammatory effect via
inhibition of IL-6 production (17), and antioxidant effect in
RAW 264.7 macrophage or HS-68 normal skin fibroblast
cells were reported (18). However, its antioxidant and
antimicrobial effects still remains to be demonstrateds and
only few studies have been performed.

Therefore, the purpose of this study was to investigate the
antioxidant and antimicrobial activities of G. thunbergii. To
evaluate its antioxidant and antimicrobial activities, we first
performed methanol extraction; this methanol extract was
further partitioned using various solvents. And then, its
antioxidant activity was measured using various assays
including total phenolic content and protection against
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oxidative DNA damage, and antimicrobial activities of
solvent-partitioned fractions against foodborne pathogens
were measured using paper disc method and minimum
inhibitory concentration. In addition, high-performance liquid
chromatography was performed to analyze the major chemical
components of ethyl acetate fraction (Alliance, Waters, USA).

Materials and methods

Materials and Chemicals

The G thunbergii was purchased from Omniherb of
Gyeongsan (Gyeongbuk province, Korea). The samples were
pulverized to 80 mesh size using Sung Chang Machine
(ACMI10INCH, Namyangju, Korea) and kept at -20C until
assayed. Ascorbic acid, 2,2-diphenyl-1-picrylhydrazyl (DPPH),
Folin-Ciocalteu’s phenol reagent, sodium carbonate, dimethyl
sulfoxide (DMSO), potassium ferricyanide, butylated hydroxy
anisole (BHA), trolox, trichloroacetic acid, ferric chloride and
potassium persulfate were purchased from Sigma-Aldrich
Chemical Co. (St. Louis, MO, USA). 2,2-Azino-bis (3-ethyl
benzthiazoline- 6-sulfonic acid) (ABTS) was purchased from
Wacko chemical (Tokyo, Japan). All other reagents and
chemicals used in this study were analytical grade.

Extraction of G. thunbergii

The dried sample (100 g) was extracted with 1.0 L of
95% methanol overnight at room temperature for 2 days.
The methanol extract was then filtered through filter paper
Advantec 5C (Advantec, Toyo Roshi Kaisha Ltd., Tokyo,
Japan) and by vacuum rotary evaporator (BUCHI Rotavapor
R-210, Flawil, Switzerland). The methanol extract was
partitioned with different solvents (H; n-hexane C; chloroform
E; ethyl acetate B; butanol, W; water). Five fractions were
completely evaporated and dried and then their yields were
calculated. The yield (g/dry) of solvent-partitioned fractions
was hexane fraction (1.21 g), chloroform fraction (0.36 g),
ethyl acetate fraction (0.58 g), butanol fraction (1.52 g), and
water fraction (4.15 g), respectively. The solvent-partitioned
fractions were stored at -20C prior to use.

Total phenolic content (TPC)

The TPC of the extract was measured using the Folin-Denis
method (19). 0.5 mL of Folin Ciocalteu’s phenol reagent was
added to 0.5 mL sample and the reaction mixture incubated
for 3 min. After this, 0.5 mL of Na,COs; (10%, w/v) was
added and further incubated at room temperature (25C) for
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60 min. Absorbance of the reaction mixture was then
measured at 760 nm using spectrophotometer (Jasco, Tokyo,
Japan). TPC was expressed in terms of mg gallic acid
equivalents (GAE)/g.

DPPH radical scavenging activity

The antioxidant activity of G. thunbergii was measured
using DPPH radical scavenging assay (20). Fifty microliters
of the sample was added to 100 pL of 0.2 mM DPPH solvent,
vortex-mixed, and allowed to stand at room temperature for
10 min. Absorbance was measured at 517 nm. All
determinations were carried out in triplicate. BHA was used
as a positive control and the capability of scavenging DPPH
radicals was calculated using the following equation:

Radical scavenging activity=[1-(Asmpie/Acontrol)]* 100

ABTS radical scavenging activity

ABTS radical cation decolorization assay was performed
using the Re method (21). 7.0 mM 2,2-azino-bis(3-
ethylbenzthiazoline-6-sulfonic acid) was added to 2.45 mM
potassium-persulfate and the mixture was incubated at room
temperature in the dark for 24 h. Absorbance of the ABTS
radical cation solution was measured at 734 nm using ethanol.
Fifty microliters of the sample was added to 100 uL. ABTS
radical cation solution and the reaction mixture was incubated
at room temperature for 10 min. Its absorbance was measured
at 734 nm. All determinations were carried out in triplicate.
Trolox was used as a positive control and the capability
scavenging ABTS radicals was calculated using the following
equation:

Radical scavenging activity=[1-(Asampie/ Acontro1)]* 100

Reducing power ability

Reducing power assay was performed using the Oyaizu
method (22). One microliters of the sample was added to
1 mL of potassium ferricyanide (1%, w/v) and the reaction
mixture was incubated in water bath at 50C for 20 min.
And then 1 mL of trichloroacetic acid (10%, w/v) was added.
1 mL of this mixture was added with 1 mL of distilled water
and 0.1 mL of ferric chloride (0.1%, w/v). Absorbance was
measured at 700 nm.

Protective effects of oxidative DNA damage
Conversion of the supercoiled form of plasmid DNA to
the open-circular and linear forms has been used as index
of DNA damage. Reaction mixtures (20 L) contained 5 pL.
of ®X-174 RF 1 plasmid DNA, 10 pl. of varying

concentrations of the ethyl acetate fraction, 5 uL of 1 mM
FeSO. or 1 mM hydrogen peroxide were incubated at 37C
for 30 min. After 30 min, 5 pL of a solution containing 50%
glycerol (v/v), 40 mM EDTA and 0.05% bromophenol blue
was added to stop the reaction. The mixtures were
electrophoresed on 1% agarose gel (w/v). DNA in the gel
was visualized and photographed under ultraviolet light after
ethidium bromide staining.

Bacteria strains and their cultures

To determine antimicrobial activity, Bacillus subtilis
(KCTC 1666), Bacillus cereus (KCTC 1012), Staphylococcus
epidemidis (KCTC 1917), Staphylococcus aureus (KCTC
1916), Listeria monocytogenes (KCTC 3569), Escherichia
coli (KCTC2643) were used. These microorganisms were
kept frozen at -80C in broth containing glycerol (40%, v/v).
These cultures were grown in liquid and solid media at optimal
temperature of microorganisms, respectively. All media were
purchased from Difco Co. (Sparks, MD, USA).

Determination of antimicrobial activity
Antimicrobial activity of solvent-partitioned fraction was
performed using the paper disc method (15). The fractions
were dissolved in DMSO. The culture of each strain was
inoculated with colony on agar plate, and incubated at 37C
for 24 h and the 100 pL of each strain culture was spread
on agar plate. The sample 40 L added to the paper disk
(Advantec, Toyo Roshi Kaisha, Tokyo, JAPAN) was placed
on the inoculated plate. The plates were incubated at 37 C
for 24 h and diameter of the inhibition zones was measured.
All analyses were conducted in triplicate for each extract.

Minimum inhibitory concentration (MIC) test

The MIC of ethyl acetate fraction from G thunbergii
methanol extract was measured using paper disc method. The
concentrations of ethyl acetate fraction were from 0.025 to
1.6 mg/mL. All analyses were conducted under same
conditions as paper disc method, and MIC was defined as
the lowest concentration of ethyl acetate fraction required
for inhibition of bacteria. All analyses were conducted in
triplicate for each extract.

Analysis of phenolic compounds using high
performance liquid chromatography

Analysis of major phenolic compounds in G. thunbergii
ethyl acetate fraction was conducted using high performance
liquid chromatography (Alliance, Waters, USA). An Eclipse
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plus Cis column (Agilent Technologies Ltd., 4.6x250 mm,
particle size 5 um) was used to analyze gallic acid and ellagic
acid. The mobile phases were 0.1% formic acid (v/v) in 10%
acetonitrile (solvent A) and, 0.1% formic acid (v/v) in 90%
acetonitrile (solvent B). All reagents used were HPLC grade.
The gradient followed the order: 0-6 min 0% B, 6-31 min
10-90% B, 31-41 min 20-80%, 41-45 min 50-50% B, 45-50
min 0% B. The separated phenolic compounds were detected
with photodiode array detector at 280 nm.

Statistical analysis

All analyses were conducted in triplicate. Statistical
comparisons were carried out using SPSS 18.0 statistical
software (SPSS, Chicago, IL, USA) and significance was
determined by one-way ANOVA followed by Duncan
multiple range test for multiple comparisons. Means with
different letters in groups one significantly different (p<0.05).

Results and Discussion

Yields of solvent-partitioned fractions and
their total polyphenolic content (TPC)

In the present study, G thunbergii was extracted twice
with methanol at room temperature, followed by progressive
partitioning in different solvents. The yield of solvent-
partitioned fractions followed the order: water fraction >
butanol fraction > n-hexane fraction > ethyl acetate fraction
> chloroform fraction and was found to be 49.52%,
18.16%,14.51%, 6.94%, and 4.35%, respectively. TPC has
been used to evaluate the function of various materials as

A243A A3Z (2017)

a measure of biological activity (8). TPC of solvent-
partitioned fractions from G. thunbergii methanol extract are
shown in Table 1. Also, five fractions had high phenolic
content, which ranged from 83.72 to 604.28 mg/g with the
ethyl acetate fraction being highest 604.28 mg/g. In addition,
the butanol fraction (465.65 mg/g) had higher TPC than the
hexane, chloroform, and water fractions. Lee et al. (15) also
reported TPC of G. thunbergii ethanol extract (96.51 mg/g)
and investigated its correlation with antioxidant potential
using radical scavenging assays. The phenolic compounds
in herbs, plants and seaweeds have been regarded as
antioxidants owing to their involvement in oxidation-
reduction reactions and their important role in various
functions such as antimicrobial, DNA damage inhibition and
anti-inflammatory activities (23). Several studies have shown
that high amounts of TPC in the sample extract may correlate
with their antioxidant activities (24). Zeng et al. (6) showed
that the antioxidant activity of Rhizoma homalomenae extract
according to total polyphenolic content increases as also
shown by this study. The correlation values were estimated
as DPPH/ABTS radical scavenging activity and reducing
power with correlation coefficients of '=0.9804, 1°=0.9828,
and 1°=0.9875, respectively (data not shown).

DPPH and ABTS radical scavenging activities
and reducing power of solvent-partitioned
fractions

The DPPH assay provides basic information on the
antiradical reaction of numerous extracts because of
free radicals
radical-radical interaction to form a stable molecule (25). The

theformation of stable and follows a

Table 1. Total phenolic contents and radical scavenging activity of Geranium thunbergii solvent-partitioned fractions

DPPH radical scavenging activity (%, ng/mL)

ABTS radical scavenging activity (%, ng/mL)

2)
TRC” (gl 2 50 100 200 25 50 100 200

HE 837265047 7242101%9  1343:067%  2503:067  4541:157"  050:1.09%  663:033%°  1965:136™  42.76:091™

CF  14883:140°  1260:067™  2624:101™  4227+1.07° 7193183 6824128  2136:1.90%  38.16:271% 7433122

EF  60428:195"  54.64:035%  80.88:134%  9331:025™ 9398:0.10%  47.14:158%  80.12:241°  9950:0.17" 99.99>"

BF 46565488 4370010  7348:115"  9221:060™ 9276:0.10%  38.53:050°  7072£128%  9737:1.14% 99.99>"
WF 9852118 87843377 1376380%  2801:264™  45804348%  1043:7.19%  1554:658%  33.66:5.68°  57.69:5.10%
BHA? 994:330™ 2702357  64.86:223%  87.85:083%  54.87:4.02  87.70:2.94% 99.99>" 99.99>"
AA” 7685:3.68"  96.52:029™  9657:025™ 9691025  5084:451"®  99.05:092™ 99.99>" 99.99>"

1)
)

Positive controls were used butylated hydroxyl anisole and ascorbic acid.

;ADgta represent the meanstSD of 3 determinations.

6)a-d

& W o

HF, n-hexane fraction; CF, chloroform fraction; EF, ethyl acetate fraction; BF, butanol fraction; WF, water fraction; BHA, butylated hydroxyl anisole; AA, ascorbic acid.
TPC was determined with reference to the standard curve of gallic acid content of samples using spectrophotometer.

Means of the different superscripts within same column are significantly different at p<0.05.
Means of the different superscripts within same row are significantly different at p<0.03.
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DPPH scavenging activity of G thunbergii solvent-
partitioned fractions significantly increased in a dose
dependent manner at concentrations from 25 to 200 pg/mL.
The DPPH scavenging activity of G. thunbergii solvent-
partitioned fractions at 50 pg/mL concentration was as
following order ethyl acetate fraction > butanol fraction >
chloroform fraction > water fraction > n-hexane fraction, with
the following values 80.88%, 73.48%, 26.24%, 13.76%, and
13.43%, respectively. The DPPH radical scavenging activities
of the positive controls (butylated hydroxyanisole and ascorbic
acid) were 27.02% and 96.52%, respectively (Table 1).

ABTS assay is a commonly used method to evaluate the
antioxidant capacity of various plants, seaweeds, and other
sources. The ABTS radical scavenging activity of G
thunbergii solvent-partitioned fractions significantly increased
in a dose-dependent manner at concentrations from 25 to
200 pg/mL. The ABTS radical scavenging activity of G
thunbergii  solvent-partitioned fractions at 50 png/mL
concentration was following the order: ethyl acetate > butanol
> chloroform > water > n-hexane with values of 80.12%,
70.72%, 21.36%, 15.54%, and 6.63%, respectively. The
ABTS radical scavenging activities of the positive controls
(butylated hydroxyanisole and ascorbic acid) were 87.70%
and 99.05%, respectively (Table 1).

Also the reducing power assay is used to screen for
antioxidant in plants, foods, and various fields (26,27). The
reducing power of G. thunbergii solvent-partitioned fractions
at 50 pg/mL concentration showed following the order: ethyl
acetate fraction > butanol fraction > chloroform fraction >
water fraction > n-hexane fraction with values of 0.28, 0.23,
0.13, 0.09, and 0.08, respectively. The reducing powers of
the positive controls butylated hydroxyanisole and ascorbic
acid, were 0.36 and 0.34, respectively (Fig. 1). According
to their report, G. thunbergii ethanol extract at 1,000 pg/mL
concentration had DPPH radical scavenging activity of
56.79%, TPC (96.51 mg/g) G thunbergii ethanol extract
of was higher than that of other plant extracts (24,28).

Plants are known for having various biological activities
such as antioxidant, anti-inflammatory, anti-obesity, and
antimicrobial effects owing to the presence of diverse phenolic
compounds (18,29). Kim et al. (18) reported the antioxidant
activity and cell toxicity of pressurized liquid extracts of 20
selected plant species. The extracts of these species had high
total phenolic content, antioxidant activities, and inhibitory
activity against nitric oxide production in lipopolysaccharide-
induced RAW 264.7 macrophages. In addition, Singh et al.
(29) demonstrated the antioxidant and antimicrobial activities

of Trigonella foenum-gracum, and its protective effect against
oxidative DNA damage. Thus, various plants including G.
thunbergii can be utilized as a good source of antioxidant
in food industry and medicine.
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Fig. 1. Reducing power ability of Geranium thunbergii solvent-
partitioned fractions. Butylated hydroxyl anisole and ascorbic acid
were used as positive controls.

Data represent the meanstSD of three determinations. Means with different letters on
the bar are significantly different at p<0.05.

Protective effects of G. thunbergii ethyl acetate
fraction (GTEF) against oxidative DNA damage

Figure 2 shows gel electrophoretogram demonstrating the
protective effect of G thunbergii ethyl acetate fraction against
cleavage of plasmid DNA by ferrous ion-induced oxidative
damage. Addition of ferrous ion in the absence of GTEF
converted the supercoiled form of DNA into open-circular
form. DNA was not detected after the addition of ferrous
ion in absence of GTEF. Recently, the protective effect of
plant extracts with antioxidant activity has been reported.
Cheng et al. (30) have reported the protective effect of extract
of Crataegus pinnatifida pollen against DNA damage
response to oxidative stress. According to the results, C.
pinnatifida pollen showed antioxidant activity, protective
effect against DNA damage, and their main phenolic
compound was examined. Further, Abbas et al. (31) showed
the phenolic profile, antioxidant potential, and protective
effect on DNA of sugarcane (Saccharum officinarum), and
their results showed that these cultivars can be used not only
as accessible source of natural antioxidants but also as an
ingredient of functional food for the control of degenerative
diseases. Thus, various plants including G. thunbergii may
be useful as ingredients for prevention of oxidative damage-
mediated diseases.
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FeCl; - + + + + FeSO, - + + + +

(5C)

open circular (OC)

supercoiled circular

<:=open circular (OC)

€= supercoiled circular
(5C)

Fig. 2. Protective effect of G thunbergii ethyl acetate fraction against DNA cleavage induced by FeCl, (A) and hydroxyl radical (B) using

phiX-174RFI plasmid DNA.

Control was treated with nothing, and another control was treated with FeCl, and hydroxyl radical pre-reaction without G thunbergii ethyl acetate fraction. Sample lane was
treated with varying concentrations of the G thunbergii ethyl acetate fraction (50, 100, and 200 pg/mL).

Antimicrobial activities of solvent-partitioned
fractions

Table 2 shows the antimicrobial activities of all fractions.
The ethyl acetate fraction showed remarkable antimicrobial
activity with diameter of inhibition zones ranging from 13.33
to 15.67 mm. In addition, the MIC values of the ethyl acetate
fraction ranged from 0.2 to 0.8 mg/mL. Previous reports on
studies with G. thunbergii and other plant extracts had shown
similar antimicrobial activities. Lee et al. (15) reported the
antimicrobial activity of four herbal ethanol extracts. Among
the samples, G thunbergii ethanol extract had good
antimicrobial activity against L. monocytogenes, S. aureus,
B cereus, and E. coli and their activities remained relatively
high heat treatment. Shen et al. (32) demonstrated the
antimicrobial effect of blueberry (Vaccinium corymbosm L.)
extracts against L. monocytogenes and Salmonella enteritidis
and showed four active phenolic products in blueberry extract.

Quercetin was ineffective at 8 pg/mL, but ellagic acid,
quercetin, and quercetin-3-galctoside at 200 pg/mL, showed
significant (p<0.05) inhibitory effect when compared to the
control. These antimicrobial activities have been attributed
to phenolic compounds and flavonoids.

Analysis of phenolic compounds using high
performance liquid chromatography

To analyze the contents of phenolic compounds in G
thunbergii ethyl acetate fraction, we compared it with standard
substances (gallic acid, chlorogenic acid, caffeic acid, ellagic
acid, myricetin, icariin, quercetin, and kampferol). From
HPLC analysis, ellagic acid and gallic acid were detected
in the ethyl acetate fraction and their contents were 55.14
and 5.42 mg/g, respectively (Fig. 3). Other reports have
indicated significant roles for these and other phenolic and
flavonoid compounds with the antioxidant, neuroprotective,

Table 2. Antimicrobial activity of Geranium thunbergii solvent-partitioned fractions on tested bacteria strains

Diameter of inhibition zone (mm)l)

Strains

HP CF EF BF WF EF MIC” (mg/mL)
Gram positive B subrilis ND” 9,500,017 13.171.04° 12.67:0.58"™ ND 04
B cereus 9.33£0.58" 9.500.00° 13.83£1.26' 14.00£1.80" 9.67+0.58" 02
L monocytogenes ND ND 14.83£029" 1333£029" ND 04
S aureus ND ND 15.67+1.04™ 14.67+0.58" ND 04
S epidermidis 10.170.29° 10670.29° 1333+0.58° 12.17£029° 9.500.00° 04
Gram negative £ coli ND ND 1333+0.58™ 13.50£0.50™ ND 08

1)
2)

Included the disc diameter of 8 mm.

)

@

'MIC, minimum inhibitory concentrations.
)

ND, not detected.

'Data represent the means=SD of 3 determinations.

)a-

o @

HF, n-hexane fraction; CF, chloroform fraction; EF, ethyl acetate fraction; BF, butanol fraction, WF, water fraction.

“Means of the different superscripts within same column are significantly different at p<0.05.
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and anticarcinogenic effects of plant extracts. Choi et al. (16)
reported a-glucosidase inhibitory effect of active compounds
isolated from G. thunbergii ethyl acetate fraction and
confirmed p-hydroxybenzoic acid, geraniin, and ellagic acid
to be the active components. Liu et al. (17) also reported
inhibitory activity against IL-6 production of flavonoids and
phenolic compounds from G. thunbergii and confirmed
kampferol-3-rhamnoside, protocatechuic acid, and gallic acid
to be the active components. Xiong et al. (33) reported that
gallic acid was expressed as 7.99 mg/g in flower. They

demonstrated that gallic acid and chlorogenic acid have
attracted considerable attention for their antioxidant activity,
neuroprotective effects, and anticarcinogenic properties.
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Fig. 3. HPLC chromatogram of ellagic acid and gallic acid in G thunbergii ethyl acetate fraction.
The separated phenolic compounds were detected with a photodiode array detector at 280 nm.



2ol dal st dxE vleE 2 F251o] Lo
z n-hexane, chloroform, ethyl acetate,
n-butanol, water®] &ufjE o] &3lo] x}E3 S A8

o, Aozl Ao viste] thdgt dakst 54 E S
oto] Al 5 S 2 " opH]0E ¥ &
o] 73§ DPPH gtz &A%, ABTS &z &AF ¢
A€o ZH7) =4 =3 Qcﬂ o, 50 pgmLe] F%
o| A Z+7} 80.88%, 80.12%, 28% = Aldlsle Aoz =45
At ol ek Fikst a5 I 4HshH DNA &7 B35

78 PR FEER AAsHE 2FS ek
g A% 4 % B A7 A 0183 3]
Hetgon, o2 ohiElolE RHBAA &
o) thste] Mg} B9 uget. olel

I obelel = 2lge] %Lg e

P r:u
4N

_.Q

2 Ae or AEAARAS B8
w, %Er—&— N5 B B8 93 72

Acknowledgements

This work was supported by a grant from Gyeongbuk
institute for marine bio-industry.

References

1. Zeng WC, Zhang Z, Gao H, Jia LR, He Q (2012)
Chemical composition, antioxidant, and antimicrobial
activities of essential oil from pine needle (Cedrus
deodara). J Food Sci, 77, 824-829

2. Lee YH, Kang YM, Heo MJ, Kim GE, Bhattarai G, Lee
NH, Yu MK, Yi HK (2013) The survival role of
peroxisome proliferator-activated receptor gamma induces
odontoblast differentiation against oxidative stress in
human dental pulp cells. J Endod, 39, 236-241

3. Jeong JB, De Lumen BO, Luman D, Jeong HJ (2010)
Lunasin peptide purified from Solanum nigrum L.
protects DNA from oxidative damage by suppressing the
generation of hydroxyl radical via blocking fenton
reaction. Cancer Lett, 293, 58-64

4. Jo YH, Seo GU, Yuk HK, Lee SC (2012) Antioxidant
and tyrosinase inhibitory activities of methanol extracts
from Magnolia denudate and Magnolia denudate var.

A243A A3Z (2017)

10.

11.

12.

13.

14.

15.

purpurascens flowers. Food Res Int, 47, 197-200

. Yildirim A, Mavi A, Oktay M, Kara AA, Algur OF,

Bilaloglu V (2000) Comparison of antioxidant and
antimicrobial activities of tilia (7ilfa Argentea Desf Ex
DO, sage (Salvia Triloba L), and black tea (Camellia
Sinensis) extracts. J Agric Food Chem, 48, 5030-5034

. Zeng LB, Zhang ZR, Luo ZH, Zhu JX (2011) Antioxidant

activity and chemical constituents of essential oil and
extracts of Rhizoma Homalomenae. Food Chem, 125,
456-463

. Yoo EA, Kim SD, Lee WM, Park HJ, Kim SK, Cho

JY, Min W, Rhee MH (2008) Evaluation of antioxidant,
antinociceptive, and anti-inflammatory activities of
ethanol extracts from Aloe saponaria Haw. Phytother

Res, 22, 1389-1395

. Suh HJ, Kim SR, Lee KS, Park S, Kang SC (2010)

Antioxidant activity of various solvent extracts from
Allomyrina dichotoma (Arthropoda: Insecta) larvae. J
Photochem Photobiol B, 99, 67-73

. Feng S, Zeng W, Luo F, Zhao J, Yang Z, Sun Q (2010)

Antibacterial activity of organic acids in aqueous extracts
from pine needles (Pinus massoniana Lamb.). Food Sci
Biotechnol, 19, 35-41

Cote J, Caillet S, Doyon G, Dussault D, Sylvain JF (2011)
Lacroix M. Antimicrobial effect of cranberry juice and
extracts. Food Control, 22, 1413-1418

Khan H, Jan SA, Javed M, Shaheen R, Khan Z, Ahmad
A, Safi SZ, Imran M (2016) Nutritional composition,
antioxidant and antimicrobial activities of selected wild
edible plants. J Food Biochem, 40, 61-70

Ismail T, Akhtar S, Sestili P, Riaz M, Isamil A, Labbe
RG (2016) Antioxidant,
inhibitory activities of phenolics-rich pomegranate peel
hydro-alcoholic extracts. J Food Biochem, 40, 550-558
Karamac M, Kosinska A, Estrella I, Hermmandez T,
Duefias M (2012) Antioxidant activity of phenolic
compounds identified in sunflower seeds. Eur Food Res
Technol, 235, 221-230

Zhou J, Li P, Cheng N, Gao H, Wang B, Wei Y, Cao
W (2012) Protective effects of buckwheat honey on DNA
damage induced by hydroxyl radicals. Food Chem
Toxicol, 50, 2766-2773

Lee SH, Kang KM, Park HJ, Baek, LM (2009)
Physiological characteristics of medicinal plant extracts

antimicrobial and urease

for use as functional materials in seasoning sauce for
pork meat. Korean J Food Sci Technol, 41, 57-63

. Choi SJ, Kim JK, Jang JM, Shin KH, Lim SS (2012)



17.

18.

19.

20.

21.

22.

23.

24.

25.

Antimicrobial activity and protective effect of Geranium thunbergii against oxidative DNA damage via antioxidant effect

Rapid identification of the a-glucosidase inhibitory
compounds from thunberg’s geranium (Geranium
thunbergii Sieb. et zucc). Food Sci Biotechnol, 21,
987-996

Liu QH, Woo ER (2008) Inhibitory activity of IL-6
production by flavonoids and phenolic compounds from
Geranium thunbergii. Nat Prod Sci, 14, 16-20

Kim MB, Park JS, Lim SB (2010) Antioxidant activity
and cell toxicity of pressurized liquid extracts from 20
selected plant species in Jeju, Korea. Food Chem, 122,
546-552

Folin O, Denis W (1912) On phosphotungstic-
phosphomolybdic compounds as color reagents. J Biol
Chem, 12, 239-243

Blois MS (1958) Antioxidant determinations by the use
of a stable free radical. Nature, 181, 1199 -1200

Re R, Pellegrini N, Proteggente A, Pannala A, Tang M,
Rice-Evans C (1999) Antioxidant activity applying an
improved ABTS radical cation decolorization assay. Free
Radical Biol Med, 26, 1231-1237

Oyaizu M (1986) Studies on products of browning
reaction: antioxidant activities of products of browning
reaction prepared from glucosamine. Jpn J Nutr, 44,
307-315

Jang M, Jeong SW, Cho SK, Ahn KS, Kim BK, Kim
JC (2013) Anti-inflammatory effects of 4 medicinal plant
extracts in lipopolysaccharide-induced RAW 264.7 cells.
Food Sci Biotechnol, 22, 213-220

Tsai YL, Chiou SY, Chan KC, Sung JM, Lin SD (2012)
Caffeic acid derivatives, total phenols, antioxidant and
antimutagenic activities of Echinacea purpurea flower
extracts. LWT-Food Sci Technol, 46, 169-176

Kim IS, Yang M, Lee OH, Kang SN (2011) The
antioxidant activity and the bioactive compound content

26.

27.

28.

29.

30.

31

32.

33.

333

of Stevia rebaudiana water extracts. LWT-Food Sci
Technol, 44, 1328-1332

Oh J, Jo H, Cho AR, Kim SJ, Han J (2013) Antioxidant
and antimicrobial activities of various leafy herbal teas.
Food Control, 31, 403-409

Floegel A, Kim DO, Chung SJ, Koo SI, Chun OK (2011)
Comparison of ABTS/DPPH assays to measure
antioxidant capacity in popular antioxidant-rich US foods.
J Food Compos Anal, 24, 1043-1048

Lee KH, Park SN (2008) Antioxidative activities and
antiaging effects of Geranium nepalense extracts. J Soc
Cosmet Scientists Korea, 34, 25-35

Singh P, Vishwakarma SP, Singh RL (2014) Antioxidant,
oxidative DNA damage protective and antimicrobial
activities of the plant Tifgonella foenum-graecum J Sci
Food Agric, 94, 2497-2504

Cheng N, Wang Y, Gao H, Yuan J, Feng F, Cao W,
Zheng J (2013) Protective effect of extract of Crataegus
pinnatifida pollen on DNA damage response to oxidative
stress. Food Chem Toxicol, 59, 709-714

Abbas SR, Sabir SM, Ahmad SD, Boligon AA, Athayde
ML (2014) Phenolic profile, antioxidant potential and
DNA damage protecting activity of sugarcane
(Saccharum officinarum). Food Chem, 147, 10-16
Shen X, Sun X, Xie Q, Liu H, Zhao Y, Pan Y, Hwang
CA, Wu VCH (2014) Antimicrobial effect of blueberry
(Vaccinium corymbosum L.) extracts against the growth
of Listeria monocytogenes and Salmonella Enteritidis.
Food Control, 35, 159-165

Xiong L, Yang J, Jiang Y, Lu B, Hu Y, Zhou F, Mao
S, Shen C (2014) Phenolic compounds and antioxidant
capacities of 10 common edible flowers from China. J
Food Sci, 79, 517-525



