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Chemical Characteristics and Antioxidant Effects of Sea Mustard Undaria
pinnatifida from the Gultongmeori Area, Taejongdae, Busan

Young Do Shin, Jung Woo Lee, Myungwon Choi and Sun Young Lim*

Division of Convergence on Marine Science, College of Ocean Science and Technoloy, Korea Maritime & Ocean University,
Busan 49112, Republic of Korea

We investigated the nutritional characteristics and antioxidant effects of sea mustard Undaria pinnatifida fractions
from Gultongmeori in Taejongdae, Youngdo, Busan. Based on dry weight, the moisture, crude protein, crude lipid,
crude ash, and crude fiber contents were 34.98%, 11.55%, 0.43%, 17.82%, and 3.45%, respectively. To evaluate the
antioxidant effect, we used radical scavenging (DPPH and ABTYS), reactive oxygen species (ROS) production mea-
surement, and DNA oxidation assays. Total flavonoid and phenol contents were higher in the n-hexane fraction than in
other fractions. The n-hexane fraction was more effective at scavenging free radicals than other fractions as assessed
using DPPH and ABTS assays (P<0.05). The ROS production assay showed that all sea mustard fractions decreased
H,0, induced cellular ROS production compared to that seen in the control (P<0.05); however, the n-hexane fraction
reduced cellular ROS production to a greater extent than the other fractions. Furthermore, the n-hexane fraction from
Gultongmeori significantly inhibited genomic DNA oxidation. These results indicate that the antioxidant effect of sea
mustard is associated with its high flavonoid and phenol content. This study proposes that processed food products
supplemented with sea mustard can be developed as functional foods to promote health in the local population.
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2H4J(Oh et al., 2003), &F2H4d(Kong et al., 2008), Tt &
A(Lim et al., 2008) 5 choFat Ae| o] BaE|ogic). &
5| thEA Q1 A8 274l v| 99| 82 Undaria pinnatifida
A A 4= qlom, 58] Wk ehRrt wakstrlof 4, v o, o (Harvey) Suringar=, ZF %7}, ThA|obE: 1] o mhof| 551 114
Alut 5 opeket sl RE AAE, 94F 9 2uE 59 58 Algoln, gjuvhat A AQtofl Eazsar Qlct. AA| v Z1A|
Al gt o g o] gE|o] gith(Joo et al., 2003). o ZFE| oFA| £ Y= Ut A AACNA g, Y2, F=, g, sheto] Fo)
o} A Hof|A da] s 2FE HF 8l srom, JstH o s dF Ak, B A 0 82 7 o] 88l Gl 3t St Y2
2 -y o, B3t viEkql, A o] 4d-faTt FRekaL, S o|t}. £3] Y2 73} thA|nke] E-g-o] HH Al v, A7t

A= gle vlag o AN s o gaatar 9l kgd] |2 FE W= A0E g3l Sejvehs LHjdFE 1)

Aol uirh Feef 1l -2l uehs Hheftt siite s 4

O HA] A0t WA B2 SFA AR D4rofn| Aol g
th= A o] EAo]th(Jimenez-Escrig and Cambrodon, 1999).
2T 270 Su AlA F4(Choi et al., 2005), AR}

o o]-go] AT B v FF=olH, Fh=oll A= sl 27
4:H]9] 75%7} n]ejo]th(Kim, 2022). 7L & A4 A} 7Hu}g)
o ATt Aehe E1| 92 BEelell o] Sl ol7E Al AsHH 1
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Stofl vl EAR7F A A SHHA AR Y n| g dFo R, =
Ae A8, A 9 7R ol e & A
Aol A UEE, 2+, v, o 9 &5 7714, Aol
-, HIEH 5-0] F-5-5HA] o501 A7) wi<zell viehe] 2473 A
Zxolth(Kim et al., 2021a). E1| <2 1'd F 2-370Lvt =] &
Ao AF =, HHE E0] S A2A7AY G
o Zt Al o pEEh Bt ol A A3 = Enge
ARA]of w2t 7] o2 5785 7HIER(Sohn, 2009).
Superoxideanion radical, hydroxyl radical, singlet oxygen 2!
hydrogen peroxide -5 Z/dAtaFo] AA| oA A=A ¢k
4& mj free radicalof] 2Jsf =3} -5 of 2] Ao Qo2 By
A|H A free radicalof] 285} HAtakA] o] S gdof| tfgt A7}
U] A= L Uck(Reiter, 1995). A57H4] sl 272f &
AReE S0l tisiA= B2 A7F A3 E Aoy B4R A9
ofl A AR sl 2] Ae|gAdol HlE At WAl vk Al
Y Aol A FAF Yt BiF AL T 55 ST ke
= 2 AR S S A 23t oH(Kim et al., 2021a). ©]
2gt o] 2H= Y ZFu e oA A Evl
=9 F SohEro|E Fo] HiFHL 5T EVY T F
2hi o] &= ghpo] ZH 2 A gHelgh vl Qi o 27t Hij A
off 71zsA ejFitt =S| Tl A AT AL Eo
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o2 B3lsto] dojdl REBY| w4 sFeEe] Fat 34
o 2.2 FEkI - 0|2 o] §3 LIEA| o] Ao Bar
2714 A1E el FgshA} gk,
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Aol AREE En| oS BAA] B =5 e FHollA
202118 3ol 3= Ack(Fig. 1). AlE= 52127 (Freeze
Dryer, IIshin biobase, Daejeon, Korea)E ©]-&35}] 20 Pa2] &
oA -45°C= 37 AXSHTh ARE AlFe= EU3AIA
A% A A7) W Bkl

Qubig R B0 AQAC (1990) o] #6}o] &g 19
vl o] it B, ek 2k 23|12 Bk} 4

F2 135 CAA7IEA RS o]-8dto] S48l

I 52 Soxhlet & ¥ 0 & 24519] 00, 202 Kjel-

2382 714315k,

) T Z/4-+= Henneberg-Stohmann
methodH 0.2 =43} T},

Acetone} methylene chloride (1:1 B]-&) 3+ g-mjjo]] Ax%
1Yo T&3| 7| L5 sto] 2o A] 24417 HFA 5Tt
o

olofat #5 T2 28] HE o] PO FHAEL 552 915
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Gultongmeori

Taejongdae in Busan

Fig. 1. Map of sea mustard Undaria pinnatifida collection sites in
Taejongdai.

o] rotary evaporator (N-1000; EYELA, Tokyo, Japan) &%7|
£ o] &3}o] 5531 3 acetone/methylene chloride (A+M) 3=
SEE Aok @2 &l = ZhAbol|l T3] methanolS 37t
slo] 23] =&3%F & 55519 methanol (MeOH) 552 ¢
ot F &R Y YR A 2E5E5E5S 29t 8 =
Ao whet 28810 212} n-Hexane £2)4, 85% aq. MeOH &
&, n-buthanol (1-BuOH) £-2]= 4 Water =852 A}
itk ZHzo] B3 EE-2 dimethyl sulfoxide (DMSO)of| 501,
xjo] 8 43to] B o g 5 E 2 AHg 3ol

ZeiE0|E B &7
M= Chae et al. (2002)2] =
(flavonoid) 32 that o] S50t 55 9 £9+=
1 mg& MeOH 1 mLof =0} AJgjate] Fs}al 10 mLe di-
ethylene glycol2 7}3t 2 1 N NaOH 1 mL 3 7}510] 37°Cof|
A TAIZE 52F BhS-A17] 3 420 nmell A B 24k}
(UV-visible spectrometer, Helios beta, Thermo Electron Co.,
Rochester, NY, USA). Rutin (Sigma-Aldrich Co., St. Louis,
MO, USA)S EZEA 2 AMgallch
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% ¥ (phenol) 3F3HE g2 Folin-Denies (Rice-Evans et
al,, 1997)9& 583t ZHsqtt 25 4 9= 1 mgs
MeOH 1 mLe] =o]a1, 108 3]A47F 3] 4]} 2 mLoj 2uj 3]4]
3} Folin-Ciocalteu's phenol reagent 2 mL2 d7}slo] &35t
chg 38 5 AT F 10% Na,CO, §9) 2 mLE 931 14
ZFFOk W A7 5 750 nmol A EHEE SHFATHUV-
visible spectrometer (Helios beta, Thermo electron corpora-
tion, USA). Tannic acid& EF52 & ARSI O 224
& Fsto] % vl SRR WS 2ok
1,1-Diphenyl-2—-picryhydrazyl (DPPH) 2tC|Zt A
72

Al2E MeOH= 5= 2 3]4]3F & DPPH 2 mg< ethanol
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15 mLo]| +=0] DPPH 994 2A|5}¢ic}h. DPPH €94 1.2 mL
o] DMSO 0.5 mL®} EtOHE 3 mLE &3%5}o] DPPH 3|4
- A3t DPPH 3491 9] 5345 7} 0.94-0.970] ==
= 3lo] Ado] ARESFATHChen et al., 1998). A& 0.1 mL
2} DPPH 349 0.9 mLE 4] & 104 3 UV-visible spec-
trophotometer (Helios beta, Thermo Electron Co., Rochester,
NY, USA)Z 518 nmoj| 4] =435}t tjZ2 -2 & L-ascorbic
acid®} butylated hydroxyltoluene (BHT)E AME-3}31tt. o}
o] Aof w2t Az 2] DPPH etz A4S ALkt

EDA (electron donating ability) (%)=

T A o
EESE =

2.2'-Azino-bis(3-ethylbenothiazoline—6-
sulfonic acid) diammonium salt radical cation
(ABTS+) 2iC|Z AEM

=5 F49 EoEof s ABTS+ o)z &AGAdS
Re et al. (1999)2] B o & =234t} Radical A2 13l
7 mM&] ABTS+£}2.45 mM €] potassium persulfate S %715}
o oA 16417 BREGAIZ] £, 734 nmof| Al S3 =7} 0.68—
0.727} === EtOHZ 343519t ABTS+ 3494 0.98 mL
oF Al 0.02 mLE E3Hsto] QAo A 10827 HH3-AX1 3732
nmof| A SFEE ZSA3ATHUV-visible spectrophotometer,
Helios beta, Thermo Electron Co., Rochester, NY, USA). t %
-0 2= [ -ascorbic acid2} BHTE AR&5}%i Tl DPPH A7 &
9] Ao upak Al = 9] ABTS+ 2]t AAEA] S A4t
M L EMAAZ(reactive oxygen species) AA
AMlE 0t

Q14 A9 E(HT-1080)%= 8=+ 4|3 2-3)(Seoul Na-
tional University College of Medicine, Seoul, Korea)>. 25
E| Bofto} Al3lo]| ARE3}9 Tt Roswell Park Mineral Insti-
tute (RPMI) 1640 (Lonza, Walkersvile, Virginia, USA) vjj#]
ol 100 units/mL 2] penicillin-streptomycin (Gibco Co., Gran-
island, NY, USA)¥} 10% Fetal bovine serum (FBS; Corning
cellgro, Manassas, VA, USA)S- 37}ste] 37°C, 5% CO, incu-
bator (MCO-15AC, Sanyo, Electric Biomedical Co., Ltd., To-
kyo, Japan)ol| A HT-1080 Al| 322 vjokalgich. Al of EHAJA
222 DCFH-DA (2',7 -dichlorodihydrofluorescin diacetate)
assay (Lebel et al., 1992)&2 =73} T}. 96 well cell culture
plateo]] A ZE &3 5 2447 v Fstar, PBSE A2 520
uM DCFH-DA-S- 7t welle]l £=3}0] 37°C, 5% CO, incubator
ol A 20423t o] vReFstTh. 7 welloll Al25 A 2|5ke] 14]
ZFHj¥Et 2, DCFH-DAS Al A5k PBSE A& 3 500 uM
H,0,5 A 2|sto] AlZF ti*d DCF fluorescence - excitation

b
oR
e
o2

S~
of

488 nm, emission 530 nm]| 4] microplate reader (VICTOR3;
Perkin Elmer, Co., Waltham, MA, USA)Z =7 3}%t}. Blank
1} controli--2 A& thAl PBSE A 2]3}H, controli-2 500
uM H,0,Z #7}5}1L, blank:-& 500 uM HLO,t4] PBSE A
elstel 2 4stsick

Genomic DNA & % DNA st Ax|E ot

Genomic DNA ] &2 AccuPrep® Genomic DNA Extrac-
tion kit (Bioneer Corporation, Daejeon, Korea.)E 0]-8-5}0] =
=31tt. Milne et al. (1993)9] Wliof whel &5 genomic
DNA&| A3t 5 5451l Al &, genomic DNA, FeSO, %
H,0,5 &l =] 100 uL9| &3=2 YH=1L genomic DNA,
FeSO, 9 H,0,9] 2% %7} 50 pg/mL, 200 uM, 12| 3.0.1
uMo| = =5 F8[3FGIT) Ao A o] ZtEg 3027t Hhs
Al7]13L 10 mM&] EDTAE 37tsto] REg-& SAIAIZ om wE
SE2 1% agarose gel ©]83}o] 100 VoflA] 30& &<+ A
719535k} A719%5 3t gel 1 mg/mL ethidium bromide
2 G54 UVE -2 Alpha Ease gel image analysis
software (Alpha Innotech, San Leandro, CA, USA)E ©]&3
of PSR

sAEA
A

fm

A$ A= Mean+SD (Standard deviation) 2 2 LERY 1L
B4 A vl thaTu 24 AREEE 92 AY 4R

2 E| one-way ANOVAE A5 P<0.05 =04 19
K AEINAT AFAFE Tukey's test A1AI51THSAS
program v.9.1, SAS Institute Inc., Cary, NC, USA).

fu

Eu] o] UubgE-S 2A5}0] Table 19f Uret
Wlth s27= 2 E09 100 g Foll= 272 34.98%
2 YERgaL, 11.55% 2t 0.43% 223 UEr o,
23|83} 2495 7121 17.82% 2 3.45%S VrERA I Wn
O] i 12.5%, e Bl 222 24219.7% 2 0.2%0]
o] 232 23.1%2 23E-S Alefg YA JEE] T

Table 1. Proximate composition of sea mustard Undaria pinnatifida
of Gultongmeori areas in Taejoungdai, Yeongdo, Busan

Composition Contents (%)
Moisture 34.98
Crude Protein 11.55
Crude lipid 0.43
Crude ash 17.82

Crude fiber 3.45




o] Wrld ok Z2Fme] -9 Fu] o] ] &3 tH(Choetal.,
2013). Choi et al. (2008)-2 A2 1] G A &2] AR (7] AL, A
LAY AR 9 7 (7] o 9 Av] o)of whet v
< EFoHL o] 59 YN v et Ak 5, 22, 2k
WA ehsE o] Shekat AR elofA= Zol7t glgl ot 3lE
TS v S o 7|4 A nl o] S gho] 2 ZoR
Uttt B ot E5h 7134k Zhetn] o o] 2 AR ok
0.53%, Zlwit 7hem] o] =AY oFF2 1.47%2 Leh 2l
TAR 7heu| o] 22 FFo] w2 A0 R YEpyitial il
shoct. Y4 u o] AR AY 7|02 T 45.4%,
ZTHN A 15.0%, 22 2.3% 9 23] 33.1%0 2 et}
3 R EQIT(Park et al., 2012). 0]AF2] 1ol A] AR5 1]
O] 79 2 FAAIO 2 AR ZFH ] E19 9] Uvhd
= tha Zpol 7t 9S-2 AlARITE

202 79 S0/9 2829 & BaRL0E U

Table 2. Contents of Gultongmeori areas in Taejoungdai, Yeongdo,
Busan of total flavonoids and phenols of fractions from sea mus-
tard Undaria pinnatifida

Total flavonoid  Total phenol contents

Samples contents (mg/g) (mg/g)

n-Hexane' 38.05+0.1232 4.62+0.05°
85% ag. MeOH 15.140.30° 2.7440.09°
n-BuOH 1.49+0.15¢ 1.810.03°
Water 0.83£0.03¢ 0.14£0.01¢

'n-Hexane, n-Hexane fraction; 85% aq. MeOH, 85% aqueous
methanol fraction; n-BuOH, n-butanol faction; Water, Water frac-
tion. *Values are expressed as mean+SD. Values in the same col-
umn with different letters are significantly at P<0.05 using Tukey’s
test.
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vle) oA e E0]ele] Zehrieo]= FHL nHex-
ane -2590] 38.0540.12 mg/g= 7MY &2 &t o|E g
TS e o™, 85% aq. MeOH, n-BuOH % Water &%
= <ot} F 7= T n-Hexane £8E9] 4.62+0.05 mg/g
2 7P 2 o e Sl tk(Table 2). o] o]l w2} n-Hexane
5 F EefieolE 9 F HlE gfol #A etk
Lee etal. (202002 A0 4 A 4151 ule] 5 Sepi o]
E 9 & Eeulls S 247 5035 9 82.64 me/g = urehyt
thal B8} o) 3 Kim et al. (2021b)2 =rujof| A AJAE
2l vjola} 2ju]ele] wis Heke 24a AT ofere 22 2o
A Z+27F 31.3141.07 2 29.18+1.0 mg/g®] FHFS LAt
Hustgane nAl 22 e FEEolMe e S
3.46 mg/e©.2 B 15| th(Kim etal., 2012). 0]Ake] Anfzm
B nlofa} &5t AR A9 2EU 0 A4 thek 1
gho] AolehE UrEr it
=ZeH2| 79 =0(¥9 2829 DPPH 2iClZ AA
24

ZErje] 7o Bulel 282 DPPH htiz 4784
2 Table 39 eI} A7Fs= 0.025, 0.05, 0.1, 0.25 4
0.5 mg/mLolA ZFH e 9 FvY 2= f2H(L-
ascorbic acid, BHT)2] £2AEA-S ¥| 1.5} th. DPPH radical
227152 n-Hexane 228]&=0] AT B Fkeof| A EDAgLO]
=7 YERESH, 0.5 mg/mLe] S04 66.69+0.22%2] 4
As& UEPH $Ick(Table 3). ©]2]gh n-Hexane #8&9] =2
2AZ/YE A n-Hexane #3850 O & 449 T &
20| W s} P4 T Rk ol AL SR %
#|= hrat gAel auf Atolofl= oFo] A7 E A A
@l th(Siriwardhana et al., 2003; Karawita et al., 2005). Lim et
al. 2002)& %3 19 13%:9] Sl Fo)A 2L O R 1
Zoto] A A0S ST A S o]l =2 B E
of| Z2jHizo] Wol e-iE o] AUtk Hi1skeit) Cho et al.
(2013)2 Wr|Y oghE =551 9 FE22 8|S o

Table 3. DPPH radical scavenging effect (%) of fractions from sea mustard Undaria pinnatifida

Concentrations (mg/mL)

Samples' 0.025 0.05 0.1 0.25 05
n-Hexane? 16.5340.63 26.21£0.50° 36.27+0.66° 52.25:0.54° 66.69:0.2%
85% aq. MeOH 14.7920.819 25 65:0.06° 35.75£0.33¢ 50.62+0.46° 61.570.16¢
n-BuOH 3.7240.60' 5.99+0.09¢ 12.6740.419 16.99+0.37¢ 23.6741.2¢
Water 5.36:0.25° 5.95£0.09° 6.44£0.31¢ 10.48£0.13° 11.49£0.19
L-ascorbic acid 91.1920,03° 91.400.03° 91.4740.03° 91.610.03° 91.65£0.00°
BHT 24.9940.31° 37.70+0.660° 55.1740.23" 70.8120.42° 86.81£0.00°

!Gultongmeori areas in Tacjoungdai, Yeongdo, Busan, Korea. >n-Hexane, n-Hexane fraction; 85% aq. MeOH, 85% aqueous methanol frac-

tion; n-BuOH, n-butanol faction; Water, Water fraction; BHT, Butylated hydroxyltoluene. *Values are expressed as mean+SD. Values in the

same column with different letters are significantly at P<0.05 using Tukey’s test.
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75 1,000 pg/mL 5o 242 70% 9 30%= DPPH 2}
=k iﬂL & UEh o] Wrl o oghs &5l ot &A%
Kol 82 Bt EAF FAF B2 50 DPPH 2
AL l:l]jﬂ_‘o‘]— A} B3 EE 3 petroleum ether H3]E-2 =
° % skt el 1 22 GAsh ke ek glotn
R 1% ¢ltH(Ganesan et al., 2008).

=z 71F 22229 ABTS+ 2iC|Z Ay

25 +9 509 2859 ABTS+ gz A
Table 4°f YeR ¢t DPPH Z1}9} S-AlS1A n-Hexane £
Sl ozt A" 0] 7?” E=34em, 0.5 mg/mLo] F=of
A 53.73+1.12%9] 4752 YEMITH(Table 4). Jin et al.
(2018) 1] Aol A 0.01, 0.05, 0.1 2 0.5 mg/mL % %of| A
4.2,21.6,33.4 4 67.4%2] ABTS 2} . oF
o]z 2A%S ZA8H= ABTS+ 2|z 5:74 T 8_ 8. Ol% &7

R °P~ DPPH 2}tz &7 2/ 3} vl e o, ohas W

[€) E —

S AAZAS VeI Neri et al. (2019)& FAlAke] £
Ah g 7]76}1# n| 559 Ak 2dS vlwdt At 71
b mle 2552 94 Y FEE5 =2 DPPH % 47
HEAO|E AT S HlIL ibol A= FF

AF ]o] &R B ek SN 2L /A 22
9] fucoidan $HFS =43 At 12.1% 9 13.6%= YERGTH
1 W sk,

ZeM2| 79 0|9 2922 M=ZE W SHMAS
(reactive oxygen species) A x|t
Q1A o] AFe}A] AE| Ao ofsf WA B = EAAATES A
gAQ) A2z Az Aol St J3hS AL ahdE H 24
2hF59] 7= AW Az 240 B2 RS o
oA o, HWEE, T 9 FUA 5o AR FUsH A0

2 2 A Qlth(Cavas and Yurdakoc, 2005; Cho et al., 2011).
2E0e] o] Ev]olo] £EE(0.05 9 0.1 mgmL F7H5E)
= A HASFAIZHT-1080)f #2fsto] S AIZE 12048

B A W B A ES S At Z2s e 4t &1 Y
HIEE B AR ]Lé’ | et A2 i g4k AA
oAk tHFig. 2). = Hw3le f 2255 5 =8
2] 39 5n]9 2] n-Hexane £35(0.1 ¥ 0.05 mg/mL A 7}s
T)ol oJgh & atag A A 7E =4 THP<0.05).

zsHa| 79 =019 2&=9
st Axzat

| Genomic DNA At

SHAAFES A|Ee] DNA Q71Hlolut 917)tet &4 5
DNAE AFSh7]B22 DNAZF &4 A =¥ olut =
o 22 Aesha EAI7F vrehdtial s Fltk(Valko et al.,
2007). 200 pg/mL | A& H7Hs ol 4 o2z} v T3t ge-
nomic DNA9] AF}A = Fig. 20] Uebiglct. dizwo=
£ A& H7Eglo] AFEFAIA] controlit A&, H 0, FeSO4 2.5
Hel3) 9 blank AHS3AT. AT A, HEEE Fol
A= n-Hexane {8 &0] 7MY £ 418} 4| 9& R ¢IckFig.
3). Noroozi et al. (1998)2 ZetH -o|E W 7}2E|0|E

7be A 204 H)0,00 ti3t DNA ARSFS A Az thar
B sk Kim et al. (2021a) A AL A FAA] Gt
gt ol ST tiro] 247 A2 BnloSe] 2%
=5 F2eHd 7199 "?Z%’E E2 Y T Eeh o]
% S SOl % 03 BEAAWA B ET 7]
b wshsie). EE BEIE 7o oo 2EES
to] vl 3k A3} p-Hexane B8 &2 =2 & ZglH Lo
% ol R RSk ol e e B AEY B
Ahaxg A oA &3t 9 DPPH W ABTS+ 2|z 275
I} Genomic DNA AFs} oA g v}l AHakA] o] 9l-2-2 31015}
T}, DNA 248 S AL A Z o) 95 AL AEH AR GHb
™ /4%l DNA+ supercoiled e = =25 H 0,2k 2
9] Fenton ¥H-3-0f| 23} A8/l OH 2tt|Z ®+= Fe** &4 5}
A AFS1A AEF 2of o3t £2ARS Hhol open-circular 3 E
2 A3l=) v=A sl H O = o] H1-S-S
©} 41531 Fenton ¥H3-9] ©J41E: o] Zolujo] Fet'e] 34l 115

E
ON

Hir o
;O

(M Az o lﬂ
o ot
ol

e

oX

c

Table 4. ABTS radical scavenging effect (%) of fractions from sea mustard Undaria pinnatifida

Concentrations (mg/mL)

Samples’

0.025 0.05 0.1 0.25 0.5
n-Hexane? 10.92+0.89 13.65+1.12¢ 30.18+0.78° 44.71+0.51° 53.73+1.12°
85% ag. MeOH 6.78+0.38° 10.04£0.45¢ 14.82+0.43¢ 22.57+0.62¢ 32.18+1.27°
n-BuOH 2.10+0.98¢ 6.68+0.30° 12.04+0.21¢ 15.07+0.30° 19.41+1.10¢
Water 1.27+0.59° 2.49+0.05f 3.460.17f 4.29+0.05 6.68+0.08°
L-ascorbic acid 92.29+0.05* 92.4110.05° 92.55+0.002 92.69+0.05° 92.69+0.00°
BHT 53.16+0.48° 79.53+0.99° 90.26+0.12° 92.04+0.05° 92.18+0.05°2

'Gultongmeori areas in Taejoungdai, Yeongdo, Busan. 2n-Hexane, n-Hexane fraction; 85% aq. MeOH, 85% aqueous methanol fraction;
n-BuOH, n-butanol faction; Water, Water fraction. *Values are expressed as mean+SD. Values in the same column with different letters are

significantly at P<0.05 using Tukey’s test.
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Fig. 2. Inhibitory effect of solvent fractions from sea mustard Undaria pinnatifida from Gultongmeori areas in Taejongdai (A, 0.1 mg/mL;
B, 0.05 mg/mL) on levels of reactive oxygen species in HT-1080 human fibrosarcoma cells. Control, Treated with H,0, and distilled water;

blank was treated with distilled water without H O
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n-Hexane, n-Hexane fraction; 85% aq. MeOH, 85% aqueous methanol fraction; n-

BuOH, n-butanol faction; Water, Water fraction. Values are expressed as mean+SD. Values with different letters are significantly different

at P<0.01 using Tukey’s test.
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Fig. 3. Antioxidant effects of solvent fractions from sea mustard
Undaria pinnatifida on genomic DNA in HT-1080 cells. Control,
Treated with H,O, and distilled water; blank was treated with dis-
tilled water without H,O,. n-Hexane, n-Hexane fraction; 85% aq.
MeOH, 85% aqueous methanol fraction; n-BuOH, n-butanol fac-
tion; Water, water fraction
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