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ABSTRACT : Our investigation of the seaweed extracts, Ulva lactuca. The biological activities antioxidant, anti-
microbial activity, antifungal and haemolytic activity of ethy-ether and ethyl-acetate extracts from the seaweed,
Ulva lactuca were investigated. They were separately extracted using ethyl-ether and ethyl-acetate from dried
samples at room temperature and freeze dried. Seaweed extracts were found to cause significant free radical
scavenging effects on DPPH (1,1-diphenyl-2-picrylhydrazyl). Seaweed extracts had not significant haemolytic
activity against human erythrocyte. This extracts exhibited in vifro broad-spectrum antimicrobial activity of
gram-negative, gram-positive bacteria and without antifungal activity.
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AdE2 dAstele A3%s 2oL d9 (Kim e al,
1994). A BEge| AM-E YubHoE Algle] eget
AFE g HAESE TH 2 o83y FEB o 8E:
7452 detet =3 QB EAEe daA EEE AE
BEA o]-g3tuxgt ATE eATE ] $3YEo]
¥} (Beuchat and Golden, 1989).
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o} mlgF ARE0] 73 QA HEEe] gle] thA} 2hg-2] 7Y
A (Oh et al, 1996), 422 ThFfe Aol 834
Ay ZHgst 45 A A7) &3 (Ayako ef al, 1982),
Aaz A g EAe g5t FYAEES] AAE Ry
et al, 1989) ¥ St ool Eap} 9l ZoE giA] 9l
oh slxfel 23 i s o @ I & A4
o2 vept sleh (Noda er al, 1989). si&F 559 A
A e 848 ATREA G v E, 53] JEF
ol &g AH T A% dl2Trol ETIE URIAb] YEFo| S
FAANA A AFLE HY S AAIgH. EHZE %
5o iAol A3 AFEE ARt 5 7Y AERRE

kA Ao A8 o] &g 4 gl Ao Maﬁ
APkl A 92 oFf FEo] e dAe] &3 (lto ef al,
1976), 525, AEF, 325<IM9] & B3 Ryu er al,
1986), |27 FEEY d=d¥el &3 (Kim e al,
1986) ol Xaixe] Qle}, wdh, s 2Fe] whpslE- va
A B3 HFREA Alelv geldl| vy gHgska &
$3F Al Fdol] 9J31A] s BalE7] oj# Y of Sl
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Az o)t} (Jung er al, 1999).

525 5 A9 e fHAMNE 2R AgoR o))
o] tlekgh A1F3H gl Ae|@Adel Tt d7vF HarEe
it Aslelel 9 EAJe] shi= &4k Al 2] 3
2 343 o dek Rk glod o] A He &
FopA, dlolaiaA, |27t &, EY9| egal A8 5
o] BuEgl o FeNE oA &3 Fho]
a3 W3 o] R ugn} )t (Ryu er al, 1996).
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B Qo AheEl 2l (Uva lactucays 20054 12¢
of 34k 29 wl=hs PFUolM pste] APl AR
3l5e}. A& ethyl-ether (Merk, Darmstadt, Germany)2}
ethyl-acetate (Merk, Darmstadt, Germany)ll FZ38}ed 5
A Azslo] AHEs2n] Yol AL8sH] B 0°C
of| X3zt

Alef o xhE

Sep-Pak Cig cartridge™ WatersA} (Miliford, MA, USA)]
A FJ8ledet. Tryptic soy broth (TSB)2} Lactose-Boullion
(LB), potato dextrose agar (PDA) ¥ muller-hinton broth
(MHBY= MerckAF (Darmstadt, Germany)ellA -343le] A&
o) AH-3}edth. HPLC-grade®] water (H,O) 2 acetonitrile
(CH,CN)& TEDIAA} (Ohio, USA) & Merck?} (Darmstad,
Germany)ol| Al Z+zt 93191 3L, trifluroacetic acid (TFA),
melittin, low EEO agar, streptomycin, o-tocopherol 3 DPPH
(1,1-diphenyl-2-picrylhydrazyl)¥= SigmaAl (St. Louis, MO,
USA)RHRE] 819, oL o]9)o] BE Aok E5-& M
slodet. ’

e £3

7t 3% B8 3 B2 542 Radial diffusion
assay] & ol &3}l E coli D318} B subtilis PM125%]
(Lehrer et al, 1991). £ coli D31E 37°CZ TSBoA] mid-
logarithmic phaseZFA] #leF3h. L ¥, 1.0M phosphate
buffer solution (pH 6.7)2-2 3 A& Fwikd 1.0mL

(ODs3=0.1, 5x10' CFU/mL)S LB¢} &38tet. Ah43t LB
W) %)= 5xLB broth; 20.7mL, 1.0M PBS (pH 6.7); 20.7
mL, D. W; 58.6mL, NaCl; 0.5g, low EEO agar; 1.57g,
streptomycine]™ 10 mg/mL A8 0.1% ZAF & =
of Abgalglct. FulEl LB wiAle] 2-3mm A=) welt:
akE &, wellel AIRE FUE F, 37°C 18X7F uljokE
& clear zoned] 7|2 AL A 3}

e 589 HaAweEg 2ARE] A8 gram-
positive bacteria® A Bacillus subtlis PMI125, Micrococcus
luteus KCTC 1056 9 Staphylococcus aureus KCTC 1916
=8 AT, gram-negative bacteriaZ= Escherichia
coli KCTC 1184, Enterobacter aerogenes KCTC 2190,
Klebsiella pneumoniae KCTC 2208, Pseudomonas aeruginosa
KCTC 2004 2 Salmonella typhimurium KCTC 1925
Aeslg o, ol MFORE Wibrio parahaemolyticus
KCTC 24713} Edward tarda NUF251% AH8-8191ct.
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ol A EAL liquid growth assay methodZ
2K} (Gibson et al., 1991). Candida albicans KCTC

- 1940%= potato dextrose broth (PDB) ¥|X]Z AM8-3led 30°C

ol ] 487 ueFaldet. Fgol9] == 1x10°CFU/mLO]
HEE M5l 96-well plateol] Fo] wjofliz} A4
2 3N Selol= 44E EFRIEH. o5 30°CIA
48~ 715t Hijo¥3t F Microplate multi-detection (Synergy
HT, Biotek, USAYS ol-43}d 630 nmellH FA315H. &
FABEA G5 e AT Hefel =l melitting A
433t

susy &Y

43 PAL A 6 AAds HEFE 150mM
NaCle ¥3HF 50mM phosphate buffer (pH 7.4)2 A3}
o HEF AETY T2 5% (vt SRS FA3C
(Park et al, 1996). APT 43 A&A 02 M3 AR
Hg o] 37°Cel A 1AZF wiF F, YAEE] (8.000xg,
10 min)E 3Asldct. 2 AZ=NE- Microplate multi-detection
(Synergy HT, Biotek, USAYS o183k 450 nmell Al £33}
ot BT ARe] EIHA e AE 0% (AR 3t
I, 1.0% Triton X-100& ¥3ls we] F4=F 100% (B)
2 Aojsled, Al S VIS W veh e AEd 33
E (OEHE £33 %E Axlelsleh 25 A8Ee 7
& Mastoparan (Park ef al, 1996)°]ek= 223 AME3ISiT).

Haemolysis (%) =(C-A/B—-A)x 100
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Free radical scavenging activitys &A3}7] $8}ed 1,1-
diphenyl-2-picrylhydrazyl (DPPH) #PH& AMESIIT} (Kitagaki
et al, 1999, Koleva et al, 2002). DPPH method¥ ©} .
£33} Z}h DPPH 16 mgS 100 mLe] EtOHe| 3edx =
B3l A]R 50 plell DPPH stock S-e1& 500 ul ¥ o}
< total volumeo] 1.0mL HEZF EtOHZ A7}sie] Al

o|A] 3087t ¥k AlZ] ¥, spectrophotometer 517 nmollA]
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Z3= (Ulva lactuca)®l 5 74 ethyl-etherZ}t ethyl-
acetate FE 55 7MA X radial diffusion method® %
A& 2438193, clear zoned] 7|2 A4 FIEE BlX
st (Fig. 1). L AFAE B ethyl-ether FEEX T
ethyl-acetate =282 Aol E coli D313} B. subtilis

23t} FF A 822 a-tocopherol (500 pM)S ARS8} PMI125 ¥ TF 5% o] gl =3 F FE2EL
gl A2 FTAES (AYE EF AR FHES (A= gram-negative bacteria¢l E. coli D31HE}= gram-positive

sjed gaks} B2 2l

bacteriaql B. subtilis PM1259|4] ¥} 2 A4S el

Radical Scavenging Activity (RSA, %)=[(Ag—As)/ Ao} x 100
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Fig. 1. Antimicrobial activities of the seaweed extracts, Ulva lactuca. Clear zone indicates antimicrobial activity of each extracts.
(A) ehtyl-ether extracts against E. coli D31, (B) ethyl-ether against B. subtilis PM125, (C) ethyl-acetate E.coli D31, (D) ethyl-acetate B.

subtilis PM125, A; 5, B; 10 ul, C; 15l

Table 1. Antimicrobial activity of seaweed extracts, Ulva lactuca

Minimal inhibitory concentration (ug/mL)

Samples
Microorganisms ethyl-ether extracts ethyl-acetate extracts Melittin
Gram-positive bacteria
B. subtilis PM125 200 pg/mL 25 pg/mL 0.78 pg/mL
M. luteus KCTC 1056 NA' 100 pg/mL 1.56 pg/mL
S. aureus KCTC 1916 NA' 100 pg/mL 3.13 pg/mL
Gram-negative bacteria
E. coli KCTC 1184 NA' 200 pg/mL 0.78 pg/mL
K. pneumonia KCTC 2208 NA® 100 pg/mL 25 pg/mL
E. aerogenes KCTC 2190 NA' NA' 1.56 ug/mbL
P, aeruginosa KCTC 2204 NA NA" 25 pg/mL
S. typhimurium KCTC 1925 NA® 200 pg/mlL 25 pg/mL
V. parahemolyticus KCTC 2471 12.5 pg/mL 6.25 ng/mL 1.56 pg/mL
E. tarda NUF251 50 pg/mL 50 pg/mL 0.78 pg/mL
Fungi
C. albicans KCTC 7965 NA' NA' > 200 pg/mL

*: NA means not activity.
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FEHE FHAAAFSE (minimal inhibitory concentration,
MICYE &A3dtt (Table 1). 49 A71E R23b7] 9]
3] positive control (RFEZ )2 HE fae] 7=st 3
T3 Bl melitting AR-slgTh. A ethyl-ether 5
E& AFHEE gram-positive bacteria®l B. subtilis PM125
o AT 200 ug/mLe] FEolA AL el M
luteus$} S. aureussl] WML FAE el A Akt
Gram-negative bacteria®] - 79 48 vehiA ¢
kL vbol] o Al Vibrio spellA 12.5 pgmle] F
ZoflA S JeMIIAL Edward spolAE 50 pg/mLe]
FEAA 3L ey o2 ethyl-acetate FEE2
739, B. subtilis PM125°)] T8lAE 25 pg/mlé] P
EoA B XS HeoW M lutens KCTC 1056903
100 ug/mL, S. qureus KCTC 19169 i3k A2 100 pg/
mLe] FEolA S VMG E coli D319 200 pg/
mL, K preumonia KCTC 22081 w}3iA+= 100 pg/mL, S
typhimurium KCTC 192591 th&iM= 200 pg/mLe) %o
A E4-E vepligel ey sk Al ¥ parahe-
molyticus KCTC 24710l disir= 6.25 ugmlLe] o} ¢
L 2TA =2 AL eMYI, E tarda NUF2519)
e 50 pg/mLe) Bl 2 S veisis Wb
ofl, F3elel C albicanse KCTC 79651 Haled= SIS
VieRf ] i)

Bagy 3 ghiisl £3

AT 2ol gt Zdul 2E0] 438 A4S 2ARY]
9sted Q7o) AYTE AESle] 2ARIY (Table 2). 7
FEE EF 200 ugmLe] FEAAE 90% oo AHg
LHFAHE HYA, 100 ugmLo] FEA= oF 70%,
50 pg/mle] =M 68%2 S884S vehhgle). vby
of 1 o]ake] W =gl 125 pg/ml, 6.25 ug/mL, 3.13 g/
mL, 1.56 pyg/mL, 0.78 pg/mL % 039 pg/mLel A= 2% ®]
ate] v F4E velisleh

sl FEE0] A ARE AR Ak 11-
diphenyl-2-picryl-hydrazyl (DPPH) WS o]-8-3}e] ejojzt
2759 28I (Fig. 2). Fig. 25 AR ethyl-
cther 3552 7%, 25, 12.5 pg/mLoAlAE 100%2] 34k
3 g3 Jeligden 625 ugmle] FEeA 67.6%,
3.13 pgmLe) oA 64.3% 28|32 vl .56 py/
mLe] =M 493%2] 3Akst BAS el ethy-
acetate 252 A9 25 ugmle) ExellA 70%, 12.5 py/
mLe] EEeAE 65.6%, 625 ug/mLe] FENME 64%,
3.13 pg/mLe) FEel A 42.6%, 1.56 ug/mLe] FEollA
39.3%°] dAkst 84S veRiSIH.

Table 2. Determination of haemolytic activity using human RBC

Haemolytic activity (%)

Samples
Concentration ethyl-ether ethyl-acetate Mastoparan
extracts extracts
200 pg/mL 99 99.9 99.9
100 pg/mL 71 70 99.9
50 pg/mL 68 1.9 99
25 pg/mL 0.99 1.1 99

12.5 pg/mL 0.99 1.0 99
6.25 ng/mlL 0.99 0.99 90
3.13 ug/mL 0.99 0 90
1.56 pg/mL 0 0 68
0.78 ng/mL 0 0 64
0.39 pg/mL 0 0 41
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Fig. 2. Free radical scavenging effect on DPPH from the
seaweed extracts. Symbols: Black; ethyl-ether extracts, Gray:
ethyl-acetate extracts, Concentration: 1; 1.56 ug/mL, 2; 3.13 pg/
mL, 3; 6.25 ug/mL, 4; 12.5 pg/mL, 5; 25 pg/mL.
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