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Abstract

Watermelon (Citrullus vulgaris L.) is a summer fruit typical to help fatigue systemic absorption is getting better.
The goa of this study is to screen antioxidant activity to ensure the possibility as a functional material for exocarp
of watermelon. Watermelon was extracted with 70% methanol, 70% ethanol, chloroform:methanol (CM, 2:1, v/v). Totd
phenol contents were 12.01 mg/g, 8.89 mg/g, 3.53 mg/g in the 70% methanol, 70% ethanol, CM, in that order, respectively.
Tota flavonoid content, DPPH radical scavenging activity, ABTS radical scavenging activity, ferric reducing antioxidant
power (FRAP), B-carotene bleaching assay were 70% methanol extract remarkably higher than the other extracts. And
these results showed the same trend of total phenol content. From the above results shows that watermelon was effective
on the antioxidative activity.
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LME Z==N(Citrullus wulgaris L.)-& ¥} dlako] ol
AER Aol 47 AEls diasll ofF 1o

2 90% ool W Argo] T, ik} P CHParki} Kim, 2010). 4L 42K Flefo] =11 71,
A 2ARE &A1= reactive oxygen species QL ulvlg, L, UER, F& 59 F1ES R
(ROS)$} o] QUtal UHAHA, of=gh EAika slo] fructose, glucose, sucrose®} 72 S-a]dk citric
£ AASK: A S4of tigt A7t ZdshA o] acid, malic acid, succinic acid, fumaric acid 52| 5

FolaL glel(Yang 5, 2008). AHe ol TRRElR] 9l sjake gRgsla ki ®aEle] QltiHong &
AefabdeEals ofe slekgollA cofector, inhibitor 2 2011). o= AJEES(citrulling)o] FRREle] 9l

scavenger 505 218- 3lof ghitsh ol FUSH 2 o] ol ZRgo] Qlal, ZHEO| o] ol UEEF vid
2 2gS Hehdoal JcK(Dillarde} German, 2000). of FpAollaL AelA] gtk Sohn 5, 1996). shA|qt
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ito] ofFel HEEo] o AgAdo] wom Ad
I e v7R] B9 Vs 3 5 FabER HEA
7] iZoll M= 7k Al o] aatEar itk
(Kim 5, 1984). 3HH, 4] A1 9 o] 848< =3
A Aol ol857] $13k 71 e shutE )
5 ARe O9F Uas sie A9 It
i) Fake AL SO, Autirt i Ato] H
FapAolgtal Harwo] QItHKim 5, 1984). <=t
S EF eRRle] B HE Tl kst B0l
ol E3ton BE Fof 7)Aol SHHAE ke
U ey} vlssgt s Rkl ke A
Aol &84 4= Stk Hale Slei(Parkt Kim,
2010). T3 FFol whe 71 9 fefeat 22 o]
skaba E4dolut A ol WE EF E719] A,
T o, A Alete] stel] #kE lsHong s,
2008; Parki} Kang, 2005) So| RilEoj#] Qloify
S} oo} Pl QA7 mjulEk o],

weh B AT, HIRE HeEKs 4} 9
1|& 0]83}] total phenol, flavonoid, DPPHS} -2
P WIS 2L, AR 75 AE R

.]
o
A B 7R Shash] Sl e Sasksict

= A= Rtk Al
H pEks FAREAl A sAibE APl
mistlel. ejulE Eelslol g FEAX(EYELA,
FDU-2000, Rikakikai Co., Tokyo, Japan)A|7]1 &, &
4f(DCM-5500, Dae-Chang, Gyeonggido, Korea)s}o]
- 80C(SW-UF-400, Sam-Won Co., Busan, Korea)]|
APsh Aol Agskith

22 Nzl £&

Alge] 52 2y w49 Ax pHRuRTs
60 g F|3l] 70% methanol, 70% ethanol, chloroform:
methanol (CM, 2:1, viv) SulE 10 7}8}o{(1:10,
WIV) 24X71) 23] % 3t ¥ ojuladventec, No.1)
319k 7F EE-2 rotary evaporator (EYELA, N-NW,
Tokyo, Japan)E o83l 40CoflA] et F=31o] -80T

(SW-UF-400, Sam-Won Co., Busan, Korea)o] %%
1 AlEE ARSIt Jang 5, 1996). Ao =

&2 FE A AR T Ui = F A2 ST

2.3. Total phenol &2 £H

Tota phenol 315kS A& 0.4 mlo]] DW 2 mie}
Folin-ciocalteus reagent 0.4 mlE 37lsto] E3sial
357 WA|sieI). BRg-of] 10% NaCO; 0.4 miE
7hlal ALoA IARFERE HESARL & UVIVIS
spectrophotometer  (Specord 200, Analytik-Jena,
Germany)=- o83t 700 nmellx FFE=s S5t
AcHGutfinger, 1981). EEE2l2= caffec acids
Algsiion A= 1 g caffeic acid mgo2 LERY
Ak

2.4, Total flavonoid &% £H

2=l 9]u] Q] totd flavonoid T2 A& 1 méo] 10%
aluminum nitrate 0.5 m¢, 1 M potassium acetate 0.5
ml, 80% ethanol 1 m(E Z3l5}o] AlLojA 408 H}x]
AZL $- 415 nmof|A] FF=E S4sIitMelo 5,
2010). ¥=EAE= querceting ARE3IoH AR
1 g% quercetin mg o = Hitsto] LrERSITE

2.5, DPPH radical scavenging activity X

DPPH (2,2-Diphenyl-1-picrylhydrazyl)= A& 2 ml
2}0.2 mM DPPH 2 mE &315}0] 37°C2] water bath
oA 302 F<t HESAIZIE Wt 518 nmeflA &
FeE F7gsto] & Aol ol UeRigickBlois,
1958).

DPPH radical scavenging activity (%)

Abssampk’ )

—) X
Abs blank 100

=(1—

2.6. ABTS radical scavenging activity &8

7 mM ABTS®} 245 mM potassium persulfates
2:1 (Viv)= o] oA 12-16A17F 52t AR
t}. 529185 mM phosphate buffer (pH 7.4)2} =3t
3lo] 734 nmof|A] T4=7} 0.7+0.027} HE= ABTS
BHS AxsIGITh A& 200 pbet ABTS 821 2,800
= S5t 3] 62 Fofl 734 nmoflA| FE=E
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2agsigon], thge] Alof o) radica
UeoltRe %, 1999).

a7 e

ABTSradical scavenging activity (%)
AbS e

=(1 —Tb;bml ) < 100

2.7. Ferric reducing antioxidant power (FRAP) &H

0.3 M sodium acetate buffer (pH 3.6), 10 mM
2,4,6-tripyridyl-S-triazine (TPTZ) solution 2! 20 mM
ferric chlorideE 10:1:1 (v/v/v)94 Hg2 &35k 3
7CollA 1057 HW2A17] 3 FRAP reagentZ Yhso]
Alslof AR2-313IE). FRAP reagent 2 mé9} Al& 0.2 md
£ Egste] 37TCofA 30~¢7J HAJRE 5, 593 nmoj|4]
TS X519tk xFEARE ferous sulfaes
ARgSIeH AR 1g % mg Fe(ll)o=2 Hehf it
(Katalinic -, 2005).

2.8. B —carotene bleaching activity £X

B-carotenec||4|2] A5} 28-S chloroform 10 md
of B-carotene 1 mg2 &3fi5}] linoleic acid 20 mg
2 tween 40 200 mg A7 I5150ck E3toHS 40°CollA
NS 5F715 ol83lo] chloroforms AASH £,
DW 100 m(E 75kl Zgks}o] B-carotene emulsion
2 HPEOJE} B-carotene emulsion 3 mﬁg} AlZ 0.3 ml
S3kslo] 50TCo|A 2A17F BEEAIZ] & 470 nmo|
EE—‘J%} %rHJeong %, 2008).

__mlmru

Antioxidant activity (%)

(1 _ So - 5120
BofBlzo

) < 100

S : absorbance of sample after 0 min
Siz0 : @bsorbance of sample after 120 min
Bo : absorbance of blank after O min

B2 : @bsorbance of blank after 120 min

2.9. SAXe|

SAAEE 4% BARE Huaa EuAE
Ap¥sie] Ueklilck 2712] Xjoli= oneway andlysis
of variance (ANOVA, IBM SPSS stetistics ver. 21) =
HXGE 3 p<0.05 4=30J|4] Duncan's multiple range

testo] olsfo] 2} A 710] fLopS HEIAC

3. Znt ¥ uF

g

3.1, 2

T Qujo] & Buid g2 Table 13} o],
70% methanol S=&E9]|4] 18.53%, 70% ethanol =
Z5oj|4] 15.13%= UER} 70% methanol = 70%
ethanol Z&E71] foj22] Hjolt= giglk CM &
S=0llA 12.17%= LER 7P e e BT

Table 1. Yield of various solvent extracts of watermelon
(Citrullus vulgarisL.)

Solvent Yield (%)
70% methanol 1853
70% ethanol 15.13°
cm” 1217

"The data are presented as means+SD of 3 times. Means with
different letters are significantly different at p<0.05 by
Duncan's multiple range test.

"CM; Chloroform:Methanol=2:1 (v/v).

3.2, Total phenol

4=} 9]11] 9] total phenol =+ Fig. 10ﬂA19}7H:}
70% methanol 3&5°] 12.01+0.07 mg/g=& th=
Z5o] H|sle] Lo)Hog b o FHEES H Y 1;}
70% ethanol &5°] 8.89+0.13 mg/go &2 &+ HA|
2 52 g vEidislen, CM —7—%%01 3.53+

0.07 mg/g o2 G020 2 7P whe Steks 1w o,
W70% MeOH W70% EtOH cm**
20.00
¥
E‘ 16.00
!
€ 2
g 1200
g b
o
T 800 L [ L
g
£
ic;' 4.00 - -
5
0.00
1mg/u?
Concentration

Fig. 1. Total phenol contents of various solvent extracts of
watermelon (Citrullus vulgarisL.).

"The data are presented as means+SD of 3 times. Means
with different letters are significantly different at p<0.05
by Duncan's multiple range test.

" CM; Chloroform:Methanol=2:1 (v/v).
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Gdlic acidE FZEAR slo] =43 =<1k total
phenol =52 0.74%= Yepgdtial Harg wp Qlok
(Kumar -5, 2008). = 722 elagic acid, myricetin,
quercetin, kaempferol, resveratrol 52| phenol A&
2 G5l Qlrkar B arwlo] Qlri{Pastrana-Bonilla 5,
2003). wehA] - AT, Sa) ofule] totdl phenol g
2 70% methanol =&E04 7 w2 Z0& U
et

3.3. Total flavonoid

3} @]9 totd flavonoid $eRS Fg. 22} 7o, 70%
methanol $=ZE9]|4 7.02+ 0.29 mg/g, 70% ethanol 3=
Z5oj4 6.38+0.15 mg/g, CM =Z5oj4| 5.64+0.04
mg/ge® SA4%e] Foldo] Qe Ae= Uehith
Catechin® FFE322 sl E<=H}o] total flavonoid
S 45 23} 0.13%= YeRgthal e Kumar
5, 2008). 7FERO| SRl B1E LS 9.22 myige]
total flavonoid kS H.$.2™ naringin, hesperidin,
poncirin o] &l= 722] Z flavonoid AJEoletar X
35 v EHKim 5, 2013). & A¥Ax} 70% methanol
Z=ZBoA §ojFo=z =2 totad flanovoid T
Hol= Ao % S4%3I:

W70% MeOH W70%EtOH e
— 10.00
=
£
= 800 =
@
E b
a
e 6.00 8
S
S
o
S 4.00 4
£
]
b
&
= 2.00 4
®
8
0.00
1mg/m¢
Concentration

Fig. 2. Total flavonoid contents of various solvent extracts
of watermelon (Citrullus vulgarisL.).

"The data are presented as means+SD of 3 times. Means
with different |etters are significantly different at p<0.05
by Duncan's multiple range test.

CM:; Chloroform:Methanol=2:1 (v/v).

3.4. DPPH radical scavenging activity
DPPH radica 47 432 Fig. 30|42} &t} 70%
methanol £E52 A& %= 0.3 mg/ml, 0.5 mg/m¢,

bR - HE - RS

0.8 mg/mlof|A ZFz;F 21.08+0.50%, 35.16+0.37%,
47.1440.51%2] TS HJck 70% ethanol =&
L erHg 17.21+0.17%, 27.91+0.76%, 38.53+0.60%
o] s veEhiYtE M FEE2 sede 1157+
0.69%, 17.86+0.17%, 21.62+1.27%= F=5 ZojA
e or 7Pt W 2 Helrk tix?l ascorbic
acide} BHA=  0.01 mg/ml sol|A Z}z; 42.76+
0.54%, 50.17+0.70%= LRIt} a5} 218 DPPH
o] radical s 2AAA Ego] Hepe A
Aog deA QlriLee 5, 2007). 54HES AR &
= 2.5 mg/mloflA 88%2] DPPH radica AA2HAS
eI HarEojA QleKumar 5, 2008). &
AT} 4 ©]u] o] DPPH radica 424 232 total
phenol 2 flavonoid 23} FU3HA 70% methanol
F2BoH 71 e Ao Felgglct,

W70%MeOH M 70% EtOH cm**
80.00

60.00

cC
be
40.00 =S |
b8
cA® aC
20.00 : L1 =8 | T
J. : 7
0.6 0.9

03

DPPH radical scavenging activity (%)

o
o
=3

Concentrations (mg/mg)

Fig. 3. DPPH radical scavenging activity of various solvent
extracts of watermelon (Citrullus vulgarisL.).

"The data are presented as meanstSD of 3 times. Means
with different letters are significantly different at p<0.05
by Duncan's multiple range test.

CM; Chloroform:Methanol=2:1 (v/v).

3.5. ABTS radical scavenging activity

S} 9Jujo] ABTS radica 2424 Fig. 404
o} Z} 70% methanol FE2E2 AR 52 Z2)
13.22+0.37%, 26.28+0.58%, 39.29+0.56%= F+==
% rojdes 7MY =8 A4S HAlrk 70% ethanol
FZ2EL R 11.13+0.25%, 21.90+0.25%, 32.33t
0.37%E YERSa, CM FEE2 & 557+
0.16%, 10.76+0.09%, 15.90+ 0.25%9] &S A
t}. )zl ascorbic acid, BHA, trolox+= 0.01 mg/
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ml oA 217k 20.18+0.32%, 20.07+0.32%, 19.20+
054%¢] o= =AU ABTSE ol
redical ] 2AZ3E 9l 3 4= QL troloxE #EE
AR sjo] B uwE S ciHwang 5, 2011;
Jung 5, 2010). sl 72e] ABTS radical 4784
& AR 7t 57 WS wolle Aol
radical 2 50% A7Al=d] Bast A|72] H(ICs)
= 231 pgoR ZAEQIkL Rislo] QrkKim 5
2013). = AgAx}, 4df e]u]o] ABTS radica 44
242 70% methanol, 70% ethanol, CM &5 40
2 24=)9lck

W70%MeOH M70%ELOH | CM**

80.00

60.00 4

o
40.00 e
cB
bB
20.00 - - ac
T a8 -
0.6 0.9

Concentrations (mg/mg)

ABTS radical scavenging activity (%)

o
2
&

Fig. 4. ABTS radica scavenging activity of various solvent
extracts of watermelon (Citrullus vulgarisL.).

"The data are presented as meanstSD of 3 times. Means
with different letters are significantly different at p<0.05
by Duncan's multiple range test.

CM; Chloroform:Methanol=2:1 (v/v).

3.6. Ferric reducing antioxidant power (FRAP)

FRAP 2H-2- Fig. 50|42} o], 70% methanol 5=
ZEo| Alg rda 717 12.95+ 0.51 mg/g, 22.99+
0.55 mg/g, 34.98+0.14 mg/gE JEh} =25 Zo|4
FojRoR 71 =2 EdS Hgirh 70% ethanol 5=
Z5o erua 978+0.08 mg/g, 17.79+0.31 my/g,
27.15+0.48 mg/ge] B4L HYrl. CM 2588 =
=¥ 4,80+0.08 mg/g, 8.96 +0.08 mg/g, 13.26+0.24
mg/ge] At A4S Helck tixail ascorbic
acide} BHA= 0.01 mg/ml o4 22} 23.85+0.27
mg/g, 41.86+1.02 mg/go= LRt FRAP: 3}
2BlsE Blashs ot (Jeon 5, 2011). fopHf
oF a1 AL =2 FRAP 245 B0 A9, i,

TelofE S5 Tht 22 FRAP 848 Uehigle.
FET} A FRAP 840] irka wgl ul glck
(Guo 5, 2003). wiehx & AgAw), b 9ju]Q)
FRAP 42 70% methanol, 70% ethanol, CM &
202 50 Ao et

W70%MeOH M70%ELOH = CM**

50.00

40.00

30.00

C
- bC
B
20.00 b8
cA™ aC
bA aB .
- J. - i
0.00 - -
0.3 0.6 0.9

Concentrations (mg/mg)

(0D 593 nm)

Ferricreducing antioxidant power

Fig. 5. Ferric reducing antioxidant power of various solvent
extracts of watermelon (Citrullus vulgarisL.).

"The data are presented as means+SD of 3 times. Means
with different letters are significantly different at p<0.05
by Duncan's multiple range test.

"CM; Chloroform:Methanol=2:1 (v/v).

3.7. B —carotene bleaching activity

St oJm]o] 2% Rl B-caroteneoi|Ae] aHils)
2+ Fig. 60il42} 2tk 70% methanol& A& 5=
HE 61.55+0.45%, 73.60+0.78%, 78.19+1.21%= ==
28 Zoli] fojHoR ) e S B T0%
ethanol =552 == 59.12+0.61%, 70.58+0.59%,
74.54+0.64%0] BAE ERYQITE CM 282 A
7 R 20,73+ 1.34%, 40.05+1.52%, 48.56+0.97%
2 228 Fo4 felHoz MY e WS w9y
t} )zl ascorbic acid, BHA= 0.01 mg/md %=
of|A] ZF2+ 10.52+0.37%, 56.32+0.76%2] TS ek
Wk G A3 A free radicd S 27
N7 Bcarotened] EAtS Asfigicka 2eld ek
(Jayaprakasha 5, 2001). g % @=lx] ZEo B
-caroteneof|4o] AR} 28-S @dlX] ZHEofA T
A vEhten, 1k Hoh o] ksl EAdo] ¢
45t Aog HuE vl It Goulase}t Manganaris,
2012). & A9d7} B-caroteneof| 4 o] 4B} AR
70% methanol, 70% ethanol, CM &5 408 =9f
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E70% MeOH ™ 70% EtOH e
100.00

80.00

cC
8—pp =
A% ba
60.00
ac
aB -
40.00 =
ah
20.00
0.00 v v
03 0.6 0.9

Concentrations (mg/mg)

Antioxidant activity (%)

Fig. 6. Antioxidant activity of various solvent extracts of
watermelon (Citrullus wulgaris L.) by [-carotene

bleaching assay.

"The data are presented as means+SD of 3 times. Means
with different |etters are significantly different at p<0.05
by Duncan's multiple range test.

CM:; Chloroform:Methanol=2:1 (v/v).

4. 2 B

FEEE 7IHs] ek oue] TIed AkE
AR E8 71I5AS HES] £5ked 70% methanol,
70% ethanol, chloroform:methanol (CM, 2:1, viv) &
iz FEsle] ket S SIS S @]
o] et B A= Tt 57 EE woRl=
73S YEY Qi) Tota phenol 2 total flavonoid2]
SRS 70% methanol, 70% ethanol, CM =5 &2
2 17| etk DPPH 2 ABTS radica 472H4,
FRAP (ferric reducing antioxidant power), 3-carotene
ol|xe] gAlst 2] E5F 70% methanol, 70% ethanol,
CM F=5 %32 =4 YyERY total phenol ¥ tota
flavonoid ¥Fda} U3 A3ke Hole Zlow 24
EIick weby] 1 Algz), Sut ojule] silet 2
2 total phenol Y total flavonoid g0 ok Hi=
Ao ZAFY,

|

o2
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