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Abstract: In this study, we investigate the antimicrobial and
antioxidant activities of extracts of Enteromorpha intestina-
lis. To evaluate the antimicrobial and antioxidant activities,
three solvents (hexane, chloroform and methanol) were app-
lied to obtain extracts. The extraction yields are hexane (A)
1.11%, chloroform (B) 0.94%, and methanol (C) 8.2%. Also,
the contents of total phenolic compounds of extract A, B, C
are 4.03%, 8.15%, and 2.33%, respectively. In the results of
antimicrobial activity, extract A and B have higher activity
than that of extract C. Especially, Vibrio vulificus, Pseudomo-
nas aeruginosa, Bacillus subtilis, Escherichia coli are more
sensitive than others. In antioxidant activity, extract A and B
present the higher DPPH activity than that of control (BHA
and ascorbic acid). The DPPH radical scavenging activity and
SOD-like activity are ordered as B>C>A. However, extract C
show high value in ferric reducing antioxidant power assay. In
nitrite scavenging activity, extract A is relatively higher than
others. However, the antioxidant activities are lower than that
of controls (ascorbic acid and BHA). The antioxidant activi-
ties are presented the increasing pattern of increasing by the
increasing of extract concentration.
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1. INTRODUCTION
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271 A W o] DNA, @, o, 213 5 Hléﬂ‘i“.xd Hl7}
A2 Q1 M & 7hA 9 a3}, o, WA S A A A7
Ak s s 5 Aol Aglo] Har gl [3-5]. AL
2 AR Atk g A8t flste] dAtet 28-S

A&k Q) Ao B2 2 X E vitamin C, tocotrienol, flavo-
noid, glutathione, carotinoid 52] FAHEA S 4& 4 Q.
EG A F FAANE of/|5He ABIE-S AH] 9]
5}o] dibuty-l-hydroxytoluene (BHT), a-tocopherol, butyl hyd-
roxyanisole (BHA), calcium disodium ethylenediamine tetra-
acetate (EDTA-Ca,Na), disodium ethylenediamine tetraacetate
(EDTA-Na), nordihydroguaiaretic acid (NDGA), propyl gallate,
erythorbic acid, isopropyl citrate, resin guaiac, sodium erythor-
bate 53} &2 Hd FASHAIE ARESHAL QT [3,6]. &4 &
AbohAl= & aket BA g o] s, 2 A =AI7HA

71l weh 28 kst 28 Aol aE I
[3,7].

Azf 5 wxiol] ok st gubehato] Sake, 1
AAA ez de] 251 glon, =2 |qke] vi9jof F-2}
sto] A Alstar Qlet. -2l uetoll = @At ukef (Enteromorpha
compressa), 7} X T2 (E. prolifera), Q32 (E. linza), 2 A}
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A (E. clathrata), IR 142 (E. intestinalis) 5-©] A A3}l Q)
c} [6,8]. = Aol AFE-H AAw}kef (link confertii; E. intesti-
nalis)~ =2 A 55 208 & (Ulvales) 22| 2} (Ulvaceae)
of %3ttt Hell B ohE mS s, B4 o=
Ahaa7b Hof 2FRISHA Tl AL &2 5HA HEA
2k woe ek o] Aajutel e 27 glck [9,10], %
Apapef = A F o 2 A 9] JoFd ARt ofy 2, F4Akst, A
271 peptidee] 7154, FEAMO] B4 W A oI,
angiotensin-1 28 4> A& 5t 22 Y22 A=
3t AFE B TE ) [9,11-15],

W o o) A oF A8t ARlalEl (E. intestinalis) & 5-E]
37} 9] &1 32&& (hexane, chloroform, methanol)& ¥-&
T, 015 22259 T U FUES 2A81] S 27 7
& e A EEY N 7S gl skl sl

2. MATERIALS AND METHOD

21 A8A =

A& o AL-g-3t T2l (Enteromorpha intestinalis)y= 20123 ]|
A Kol A kgt A& 23k 5 Fafste] Aol AHg-
S}, 3t B4 AFL 9)5ko] AL Muller Histon T )
A= MERCK A}9] A1 #-L, 22)3L, Hlo]] tj~2 (474 8
mm)+= ToyoRoshi Kaisa, Ltd (Japan)2] A& AF8-s}%ct
itet &4 AE-S 9lsto] AH8-3 butulated hydroxyanisole
(BHA)&} ascorbic acid, 1,1-diphenyl-2-picryhydrazyl (DPPH),
chlorogenic acidy= Sigma-Aldrich Co.(USA) A| &2, Na,CO;
2} DMSO+= Kanto chemical (Japan) A|&-2-, 1 g9 Folin-
Ciocalteau reagent+~= Wako pure chmical Co. (Japan)2] A|&
2 Ahg3taint.

2. 32842y

bat, NS 24 S o ARRE utef FEE Alee o
Lol Z4740] {718 E =4 &2 Soxhlet F+&7]5 A
&oto] &5t R7IEME AAT &, dF =7t HES
DMSO°]| =0 g+t, oH4tat Add o ARg-sFATH AR =
Z8m| 2= G A S(dielectric constant)o]] whe} gmjj o] A
o] A= th2 3712 9] &1l n-hexane (548 1.88) (A), chlo-
roform (4.18) (B), methanol (33) (C)& ©]-&35}o] A& o2
FE ol

ook N

Sha

23. 84 84

Aol AHESE e 2252 72F S 5= (A, B, 0)

1 F71 8= AATT &, 25 &3 F A2 st

| 9135}9] 0~50 mg/mL 2] 5 =7} & =& DMSO9]| &3} 5}¢]

14 B 52 A RSte] 7 B ZHE AR G

£ Aol AL RS TSATE (3%)Q) Vibrio vulificus
10, Pseudomonas aerugenosa ATCC 27853, E. coli, 1

>

o N

=

06-24
2oFA+F (3%)Q] Bacillus megaterium, Bacillus subtilis KCTC

1028, Staphylococcus aureus KCTC 3881, 18] 1 yeast (25)
@1 Saccharomyces cerevisiae P7222, Candida bombicola ATCC
118585 ARE-8HGiTh T 2= gHibof ofgt upef 529
e A4S vyt 2ol 35kt Muller Histon 11
AAENA S HE FAlo Este] L &, 27| A Y
Tt 200 pL A2 =Esh ek EetE o] T 235 Hj 4]
Qloll 6714 &L, 2] A F== A E v 29
FEES 20 il AT 5, 34°Cof| A] 24A]7F FQF vt
A E AsA A 2o 27|15 2AlSto] S AF
ek 3]

ERE

2.4. A 3 @4

e FEE0] et BAS 54617 $isto] DPPH (1,1-
diphenyl-2-picryhydrazyl) radical 275, -2, superoxide
dismutase (SOD) GAFEAL, o} A4 AA 5 Y& (BHA,
ascorbic acid)2} W] u 5} T}

2.4.1. DPPH radical &A%

7+ % H.3) 9] DPPH radical & 7]% &7%-& hydrazyle] £t
45 AP o] AR} U S WobEol 44 of
£3) AT 24T Wgaiol A9 HUHL 2
DPPHS| 54& o[ 83 ZAuMyolth [13]. 7} 22 A

£ DMSO°| =4 0.05~10 mg/mLo] =2 ZHslo] A3
o AH&-3}FSit}. DPPH &-94-2- DPPH 3 mgg o€t 15 mLoj|
59 £ 1.5 mLof thA] of€h& 3 mLe} DMSO 0.5 mLE
Esto] Al x5H3th DPPH & Yo Al & 50 uLE £}
2ol A 1027t ¥E3-3t & 33 =AE ©]-&5to] 517 nm
NA FFE=E SHsHAh dx2T= Alm 4l 50 ul9]
DMSOE H7}sto] ¥hg & 92 F3 = b3 AHE-sGlh.
DPPH®] A A}5-¢9% (electron donating ability, EDA)-2 EDA
(%) = (B-A)/Bx100 (A: A| 29| &3 %, B: 219 &3 %)
2 AT gl 252 BHA, ascorbic acidE AR-&-31o] &
4t B2 v aL skl [1-3].

[

2.4.2. 39 (Ferric reducing antioxidant power (FRAP) assay)
AFst FE 2 343 A& 0.2 mLef| 200 mM sodium phos-
phate (pH 6.6)2} 1% potassium ferricyanide 0.2 mLE &¢}3}
o] 50°Cof| A 2057} W& 5. 10% trichloroacetic acid 0.2 mL
£ H7F 3 &3sto] 10,000 pm o2 1087 A E 2]k
t}. 0.5 mLe] A=l of 0.1% ferric chloride 0.5 mLE &3 &
EFFE=AE o]&sto] 700 nmo A FF=E S5k
[1,2]. tf 23 2= BHAS} ascorbic acidE AF&-3} % th

2.4.3. Superoxide dismutase (SOD) 2A}2H

A& 0.2mLof| 10 mM EDTAZE 3+-5-3F 50 mM tris-HCI buffer
(pH 8.5) 3 mL&} 7.2 mM pyrogallol 0.2 mLE 7}5}¢] 25°Co]|
A 1087F 8FS8 & 1 N HCI 1 mLE 7}38}o] HH-3-S A x]A]
7%, B A S o] g5he] 420 nmol A EHE S =43}
ek 272+ BHAS AHESHGITE SOD AR (%) =
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F/d -2 S8 =)]x100 [1,2].

oy

(1287

244 o F 2 A
Z+zFo] Al& 0.4 mLo] 1 mM NaNO, &9 1 mLE 7|38},
0. NHCI % 02 M A4 458N (pH 3, 6)2 AHE-51o
5N 2] pHE 243 th vh-g-H 9] 2| FH 9] E 10 mL=
P Qloh Whe A Z 37°Co| Al TAIZE F9F RES AL 3, k5
oHS 7+7F 1 mL # 8} o 7] o) 2% acetic acid 5 mL, Griess
reagent 0.4 mLE 7}5}o] & &35} 15 271 A0 A WA
of Bh-g & EFFE=AE 0|85t 520 oA FFEE
AYeL k. oV A 75 2 ThE 3 2ol Akt o}
27 ()= [-{(IR47Ho) FHE-t22e] 3%
YA B A 7FO] BB <100 [1,2].

25. 3 ¥ A/EL HF

A& 59 % Hlsd 39 o Folin-DenisH & ¥ 3
stof S48kt w9 A= 0.1 mLof 28 34 % Folin-
Ciocalteau phenol reagent 1| mLE & 7}5}o] £3F &, A L0
3:7E WhS A AT W %, Na,CO; 223894 | mLE 75}
o] Eskal A-oflA 1AIZE 5ok ¥ A Z T S &
FHEAE o] &3t 125 nmo A FREE S 3
=78 St s ARt RE= 2= gallic acid
2 2485 9ek [1-3]

8

3. RESULTS AND DISCUSSION

33249 EY
e, AL B 240l A8 T 22F ARE 47
9] §7]-81) (n-hexane, chloroform, methanol)E =24 © 2
Soxhlet =& 7] & AHE-8F] &390 Th =& A& 20 gofl =
Z 800 350 mLE AHg-sho] H9] W} gle w7kA 5 gk
FF =5k (Fig. 1). 5744 0] 7H4 73k methanol©] 7}
Lo 23088 Yeh ot 27te] 22800 2344
hexane 1.11%, chloroform 0.94%, ~12] 31 methanol 8.2%°9]
AUtk Aol AHEE g FEE2 24 SE FEEA
G718 WS A AT T DMSO9]| o] AA &% (0~10 mg/
mL)7} ==& 24 sto] gt 9 gHakst 8 A d of AFg-sf
ST} 217ke] §7] 8] 2EEG 222 A (hexane), B (chlo-
roform), 712] 1 C (methanol) = & 4 3} i t}.

s
=

32.3 M= U E /F

A& 59 & Hed e g #HlsA &4 0] phos-
phomolybdate2} 1H-g-ahol HAS el A4S o4t
Folin-Denis®¥] S & slo] =43t 23} (Table 1), 1| mg/mL
FEY FEE A B, CAR F9 T WA a9 T
2 717} 4.03+0.05%, 8.15+0.00%, 2.33+£0.09% % YE}H T B
2] (chloroform) A] & ol A 7H H-& ¢F2) w54 3tetEo]
el 98- selstst.

Yield (%)

L

Hexane

[ ]

T
Chloroform

T
Methanol

Solvents

Fig. 1. Effect of solvent on lipid extraction of E. intestinalis using
soxhlet extractor.

Table 1. Content of total phenolic compounds in extracts A, B and
C of E. intestinalis

Extracts Content (%)
Hexane extract (A) 4.03+0.05
Chloroform extract (B) 8.15+0.00
Methanol extract (C) 2.334+0.09

3.3 84

g ulef 2EE (extract A, B, C)& 8 2] n]Ay
Ao T AT SIS ol 4o1o] F BAES 2
(Table 2), Y¥HA O = F55& A BoA] A A o2 =&
A4S el T £3), V vulificus, P. aeruginosa, B. sub-
tilis, E. colio)| A A 0. 2 =& 324 S Yetf it 5=
B FEE AYBe A AR EYusE FAE e
ojgt JetEnh 55 A% B AR 24 E O A e
T =4 Y FE7 A A o2 =A LEbsit) (Table
D). % 5 [16]1= A= e =55 29 5 #Had 3
5 9| 5 =7} Bacillus megaterium@} B. subtilis®l| W3t 3}o-
2ol vl g ar 2 s}glt.

[o

jm]

o,
lo g 1
o B

fr roL
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3.4. 943 g4

3.4.1. DPPH radical A5

7} %2 ¥.3]9] DPPH radical 7% &4 gHits} 41
Hk-g-sto] A4A| 9] A& A Sz DPPHE| 545 o] &3
el o 2 2431t [1-3]. 0.05 mg/mLof| A 10 mg/mLY] &
Lo A Az A1} (Fig. 2), Ao AHE&3F 55 A, B, C
BT ) ZI=E ARESE BHA, ascorbic acid®} v] a5}kl 3FAF
s 2Hdo] Worth AIRY SE7t Z/HE4E qadow
DPPH radical 2~ A 50| Z7}5H= A &S H ). 1 mg/mLoj
A 9] DPPH radical A~ A %< v|adt A1}, =&5E A, B, C9
A 242} 17.2%, 14.1%, 3.8%%5 YERY of o212 ALE-3t
ascorbic acid 62.9%, BHA 96.1%¢]| 8]|5}o] W& k2 veld
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Table 2. Antimicrobial activity of extracts A, B and C of E. intestinalis

Conc. Vibrio vulificus Pseudomonas aerugenosa Bacillus megaterium Saccharomyces cerevisiae
(mg/mL) A B C A B C A B C A B C
50 -k ++ + +++ ++ ++ ++ + + - ++ +
10 ++ + + ++ ++ ++ ++ ++ + - ++ +
5 ++ + + ++ ++ ++ ++ + + - ++ +
1 + + + + ++ + + + + + + +
0.5 + + - + ++ + + + + + + +
0.1 + + - - ++ - + + - - + +
control - - - - - - - - - - + +
Conc. Candida bombicola E. coli Bacillus subtilis Staphylococcus aureus
(mg/mL) A B C A B C A B C A B C
50 ++ + + ++ ++ ++ ++ + + + + +
10 + + + ++ ++ ++ + + + + + +
5 + + + ++ ++ + ++ + + + + +
1 - + + + + + - + + + + +
0.5 - + + + - + - - _ + + +
0.1 - + + - + + - - - + + +
control + + + - - - - - - + + +

*- (no); + (8-10 mm); ++ (10-12 mm); +++ (over 12 mm)
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Fig. 2. Effect of E. intestinalis extracts on the DPPH radical sca-
venging activity.

oAt} 222 AL BHAO| H]e] 5.58] W DPPH radical
2752 heb Qe 4 5 (112 09 A5 E B Fast
A 3E erolH 7] ¢)35}e] DPPH radical A7 %S =43t 23},
/\]E—J F&=7t 5 mg/mL7kA = A &) vl =g 22 g (2.9%)
£ R0, 50 mg/mLoj A 70.1%%] AA5S A3t 2
3}t o) thRF 2 ARESE ascorbic acid®] A~A %52
2.5 mg/mLoj A 923%E HIALSHITE At BpFEE0
73 9-o A= 2.5~50 mg/mL 2] 5= 2 DPPH radical 2~ A 5%
S4% 41}, A& F% 7l w2k 2A 50 F7st 1
mg/mLo| A= ¢F 6%, 5 mg/mLo| A+ ¢F 15%, 10 mg/mLof
A= OF 30%, 18] 1 50 mg/mLol A= 86.4%7} A A €9l ch
1 R aE 2],

%

o

3.5

3.0 4

2.5

2.0

Reducing power (OD)
&

—@— Extract A
o —O— Extract B
: —w— ExtractC
—4— Ascorbic acid
—&— BHA

T T T T T T

0 2 4 6 8 10

Concentration (mg/mL)

Fig. 3. Ferric reducing antioxidant power assay of E. intestinalis
extracts.

3.4.2. 3¢ (Ferric reducing antioxidant power (FRAP) assay)
shelele aharel BT WS BAS Z4A) 3 ek e

A §Lom], AR BT 5, 2580 Fo uet ohE g

= YERdAT [1,2]. Ao o ARSE 55 A, B, C 7oA
) 232 A3 BHA, ascorbic acid®} H| 1.8} 2 o] 5

mg/mL O] 5tof| A= WA UrEbd Tt (Fig. 3). =71 S7Hd 4
= AN o7 =76t AL Byttt 10 mg/mLQJ Lo
50” A= B&E CY] 7 -0 A= o 2 (ascorbic acid)o]| B] 3

=7 yehgth 5% A, B, €9 %o A+ DPPH radical
475 AikFig 2)oHs Th2A 228 O} 1 B 8
g2 Yetyiglon, 258 A7 /P Wolkth n)Y 52 s
Bo] Ao oML 5 mg/mL 7HA] = U] S o e Aule
2431, 50 mg/mLe] A oF 36} 9] FHed o] Z7hEl ol B



96 Korean Society for Biotechnology and Bioengineering Journal 29(2): 92-97 (2014)

100 A
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Fig. 4. Superoxide dismutase (SOD)-like activity of E. intestinalis
extracts.

o), A Ao 2 o2 (ascorbic acid)of H|3Fo] Y
e skl [1]. Aok 45555 0.01~100 mg/
mL7}2] F7}sto] ghel & A7 Aol st AR 9] &
E7F SR Y E SU1E AL, F wadel ST
ol wheh A = F7boks B Haskglet [2].

o

3.4.3. Superoxide dismutase (SOD) +2A}2H

Superoxide dismutase (SOD)+= A| 3 of -3 5t shat£2 Ak
322 (H,0,)2 A7 B20lt) [1], 0|9} Ak 1}
R PTEREELRLEEENLE C LR

jas

e
3 F2E A B, C= 25 212 AHE-3 BHAS} B s}
o] gHital gH4 o] Wottt (Fig. 4). 5 =7t 57185 A& B
= 27 57t = A UEtETh Aol AR AR B2
Foll Al 1 mg/mL o] Aol A= 2 W3t glo] YA e gk e}
Witk &% A, B, C2| 7-%-9ll+= DPPH radical 7|5 24
I} (Fig. 2)9} G-AFSHAl 255 B, A, C9] =0 & SOD fAE
gol = ekt 0.5-50 mg/mL 59 |9 d4-FEE
O] ol A= 2T oF 13% FE= 2 HE ARl A] Wttt
BaE it [1].

A 5o = AR I 9l o}, i A
O] Aduh-g A2 G A Qlof opE At of tigh &4
ol 9l Edof tigh A7 I ek [1,2]. & A+
o A ARE-SE Al R 9] ob-AE A 5-E EIS AT}, S mg/mL
o|gto A= Ao AHES A& B, C 5 242 AFESH
BHAZS} ascorbic acido] H| o] o & Al 4 AFo] WA YEbyt
t} (Fig. 5). Aol AHER A& T 55 A4 ddH o=
=2 opdAl AATE B oY, tfRE ARE-SH ascorbic
acide} BHAO| B]3 A= @2 H-S Yefy sich A 29 5
7} 37V ol A AA G E FUbeHE A S Bt vt

-

100

I 0.1 mg/mL
[ 1 mg/mL
[ 5 mg/mL
80 q
S
2
£ 60 —
©
o —
£
8
Q40 B
bl
s
z
20 B
0 - L -
Extract A Extract B Extract C  Ascorbic acid BHA
Samples

Fig. 5. Nitrite scavenging activity of E. intestinalis extracts.

wo] vo] 42229 o}k 27 5:9] A3}, 1 mgmL 7}
A= ALY SA4E& Holz] o2 HhH 5 mg/mLoj A= 30.1%
Ol AASE HPA, YRIEZE AL ascorbic acid®] 7 &
ol 5 mg/mL o] o A= A2 100%9] 427 B/ Halst
Aot [1]. E3 tpAop G259 A ollA= obdAtd
27A%50] 57 57H4S F7she] S mgmLol A 47.6%
100 mg/mLoj| A = 86.2%7} Al A =] okl B 1= ¢} [2].

4. CONCLUSION

AL A= ol A FA 3 AR} (E. intestinalis) 2
g 2231 37}% 9] =& (hexane, chloroform, methanol)
o2 22559 I U FASHES RAFSHI T +
< [e)

methanol (C) 8.2%°| ¢t} 25 A, B, C 59 & 7=/ 3t
stEo] sheke 7FzF 4.03%, 8.15%, 2.33%E, &% B
(chloroform) A| &7} 7Hg W2 9 #l5/d 3HghEo] o5
o Qlqlct &l o] 25 (extract A, B, C)2] &+
= ST AT, 52 AY BN AHH o R w2 S
A& el ew, £3], V vulificus, P. aeruginosa, B. sub-
tilis, E. colio| A 3 2 0 & =2 23S et et &
4t S4S £ 517] 918te] DPPH radical 2245, SOD
AP, SH e, oA A Fol tiek A 3R A
DPPH radical 27 %3 SOD SAEA & 255 B, A, C9)
=0 & =94k vhHe| gl S = 5= C7F M
o, 255 A7 7P WOkt oA A5 o A= Al
B FFEEANAAARNH R 2o 2= ALESE
ascorbic acid®} BHAO] H| 8 A= -2 gh-& YER ST Al
5O FETt SRS AR AT St S B
At 19 AFAn =R FAud FE5E2 AEFLA 2
e SARY U7 el
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