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Evaluation of the Antimicrobial Activities of 35 Seaweed Extracts against Pathogenic Bacteria and Can-
dida sp.. Kim, Mi-Sun, Kyung-Jin Kwon, Min-Jin Lee, Seon-Mi Ahn, and Ho-Yong Sohn*. Department
of Food and Nutrition, Andong National University, Andong 760-749, Korea — In the course of this study aimed
at the development of functional food ingredients from seaweeds, the in vifro antimicrobial activities of metha-
nol extracts prepared from 35 different seaweeds (17 phaeophyta, 11 rhodophyta and 7 chlorophyta) were deter-
mined against food-borne diseases and pathogenic microorganisms including multi-drug resistant (MDR)
Pseudomonas sp. and Candida sp. Based on disc-diffusion assays at 500 g/disc concentration of the methanol
extracts, Ishige okamurai, 1. foliacea, Sargassum confusum, and S. yamade exhibited strong antibacterial activi-
ties in a broad-spectrum, except against Pseudomonas aeruginosa. In addition to the latter four seaweeds, Eck-
lonia stolonifera, E. cava and FEisenia bicyclis also demonstrated antifungal activity against C. albicans.
Among these 8 selected seaweeds, 1. okamurai, I. foliacea, and S. yamade exhibited strong hemolytic activity
(55-93%) at 500 g/ml against human RBC. Organic solvent sequential fractions using hexane, ethylacetate and
butanol, and water residues were prepared from the 8 selected seaweeds and their anti-Candida sp. activities
were further determined. The ethylacetate and butanol fraction of I. okamurai, and the hexane fraction of . foli-
acea demonstrated antifungal activity against MDR-pathogenic Candida sp. Although the solvent fractions had
no activity against MDR-Pseudomonas sp., our results suggest that seaweeds, especially Ishige okamurai, I
foliacea, S. confusum, and S. yamade could be developed as broad-spectrum antimicrobial ingredients.

Keywords: Seaweeds, antimicrobial activity, multi-drug resistance, pathogenic candida sp, ishige okamurai,
ishige foliacea
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Table 1. The list of seaweeds used in this study.

Scientific name

Korean name

Phaeophyta
Colpomenia sinuosa Bulregi-mal
Costaria costata Saemiyeuk
Ecklonia cava Gamtae
Ecklonia stolonifera Gompi
Eisenia bicyclis (Kjellman) Setchell ~Daehwang
Hixikia fusiforme Okamura Tot
Ishige foliacea Nueppae
Ishige okamurai Pae
Laminaria japonica Areschong Dasima
Sargassum confusum Alsongi-Mojaban
Sargassum fulvellum Mojaban

Sargassum hemiphyllum
Sargassum horneri

Jakip-Mojaban
Gengsengi-Mojaban

Sargassum thunbergii Jichungei
Sargassum yamade Yamada-Mojaban
Scytosiphon lomentaria Gorimae
Undaria pinnatifida Miyeuk
Rhodophyta
Chondrus ocellatus Holmes Jindubal
Corallina pilulifera Jaeungusel-Sanhomal
Gigartina tenella Harvey Dolgasari
Grateloupia elliptica Holmes Cham-Dovak
Halymeniopsis dilatata Eulruk-Dovak
Kappaphycus alvarezii Kotoni
Lomentaria catenata Harvey Madi-Jalroki
Pachymeniopsis elliptica Yamada Dovak
Pachymeniopsis lanceolata Gae-Dovak

Porphyra yezoensis Ueda
Zanardinula cornea

Bansamuni-Kim
Bulkeun-Gamaksal

Chlorophyta
Capsosiphon fulvescens Maesengi
Caulerpa racemosa Podosongi-Heacho
Codium fragile (Suringar) Hariot Chungkak
Enteromorpha compressa Napjak-Parae
Enteromorpha linza Ip-Parae
Ulva pertusa Gumunggal-Parae
Zostera marina Jalpi

Listeria monocytogenes) 2 Zt 3%(Candida albicans,
Saccharomyces cerevisiae, Aspergillus nigerys AH-313ch
(Table 2). 282X Al 5 P aeruginosa= YA WA+
TE ¥38)t 735, AT = Candida albicans= 3JA) Y|
HTFE TP TERE ARG, 271 o] P EES
gk A EAFAAE|(KCTC), =154 n| A EHEAE
(KACC), ¥ Institute for Fermentation, Osaka (IFO) %!
3= A WAl 75288 (CCARM: Culture Collection of
Antimicrobial Resistant Microbes)el|A] 5-9F nto} Al8-5}9]
o}, P aeruginosa CCARM 2010, 2020, 2030, 2200 %! 2210
T+ cefoperazone, gentamicin, norgloxacin, piperacillin,
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Table 2. The microorganisms used in this study.

Escherichia coli KCTC 1682
Escherichia coli H7:0157 ATCC 43895
Salmonella typhimurium KCTC 1926
Pseudomonas aeruginosa KACC 10186
Pseudomonas aeruginosa KACC 10259
Pseudomonas aeruginosa KACC 10260
Pseudomonas aeruginosa CCARM 2010
Pseudomonas aeruginosa CCARM 2200
Pseudomonas aeruginosa CCARM 2210
Pseudomonas aeruginosa PAO1

Gram negative
bacteria

Gram positive
bacteria

Staphylococcus aureus KCTC 1916
Listeria monocytogenes KACC 10550

Candida albicans KCTC 7270
Candida albicans KCTC 7965
Candida albicans KACC 30003
Candida albicans KACC 30004
Candida albicans KACC 30062
Candida albicans CCARM 14020
Candida albicans CCARM 14021
Candida kruseis CCARM 14017
Candida gillermordi CCARM 14018
Candida tropicalis CCARM 14019
Candida geochares KACC 30061
Candida saitoana KCTC 41238
Saccharomyces cerevisiae IF0 0233
Aspergillus niger KCCM 60143

Fungi

amikacin, aztreoman, ceftazidime, cefotaxime %! imipenem
o] YA Foll M Mol 2F o] AFe] Al ] WS
7 E ST el Alre e Feld el gt
H C albicans CCARM 14020 2 14021, Candida kruseis
CCARM 14017, Candida gillermordi CCARM 14018,
Candida tropicalis CCARM 14019% amphotericin B, ita-
conazole, flucytosine ¥ fluconazoleol] &l HAIWAIS 1}
el el o] & A ERlEFTE 4719 B-lactam]
(ceftazidime, cefotaxime 5-), aminoglycoside”] (gentamicin,
amikacin ), M| Z%} 3} 3] 4] (amphotericin B), nucleotide
A (flucytosine) 5-2] S|l WAE vetll= 712l
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Table 3. Antimicrobial and hemolytic activities of 35 different seaweeds extracts.
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Growth inhibition zone (mm)

Hemolytic
Seaweeds Gram negative Gram positive Fungi activity against
PAl EC ECOIS7 ST SA LM CA SC AN HRBC (%'
Phaeophyta
Colpomenia sinuosa 2 - - - - - - - - 2.0+1.3
Costaria costata - - - - - 8.0 - - - 3.0+£2.9
Ecklonia cava - - - - - 9.0 7.0 - - 8.6+1.8
Ecklonia stolonifera - - - - - 9.0 7.0 - - 5.3+0.1
Eisenia bicyclis (Kjellman) Setchell - - - - - 9.0 7.0 - - 4.1+0.9
Hixikia fusiforme Okamura - - 11.7 - 12.6 9.5 7.5 - - 9.1+1.4
Ishige foliacea - 13.8 13.8 14.3 12.9 13.0 7.0 8.0 - 93.0+0.3
Ishige okamurai - 19.1 15.4 16.3 14.0 11.0 7.5 8.0 - 92.6+0.1
Laminaria japonica Areschong - 11.1 - - - 10.1 - - - 3.7+4 .4
Sargassum confusum - 12.5 13.1 10.9 10.6 7.5 - - 0.2+0.7
Sargassum fulvellum - 10.1 15 - 11.7 - - - 5.7+£5.4
Sargassum hemiphyllum - 16.6 14.8 - 16.3 - - - 1.2+1.8
Sargassum horneri - - 15.5 - 10.3 - - - 1.7£1.9
Sargassum thunbergii - - 12.9 - 12.7 10.1 - - - 0.5+0.8
Sargassum yamade - 15.6 - - 13.9 13.0 7.0 - - 55.9+5.1
Scytosiphon lomentaria - - - - - 9.5 - - - 9.5+0.2
Undaria pinnatifida - - - - - 7.5 - - - 4.7£1.8
Rhodophyta
Chondrus ocellatus Holmes - - - - - - - - 1.5+1.8
Corallina pilulifera - - - - - 8.0 - - - 0.9+0.6
Gigartina tenella Harvey - - - - - - - - 1.8+£0.9
Grateloupia elliptica Holmes - - - - - 8.0 - - - 0.7+0.4
Halymeniopsis dilatata - - - - - - - - - 0.6+0.1
Kappaphycus alvarezii - - - - - - - - - 0.9+0.9
Lomentaria catenata Harvey - - - - - - - - - 0.3+0.9
Pachymeniopsis elliptica Yamada - - - 9.0 - - - - - 0.3+0.2
Pachymeniopsis lanceolata - - - - - - - - - 0.3+0.5
Porphyra yezoensis Ueda - - - 9.0 - - - - - 0.9+0.4
Zanardinula cornea - - - - - - - - - 0.9+0.9
Chlorophyta
Capsosiphon fulvescens - 9.8 - - - - - - - 0.1+0.2
Caulerpa racemosa - - 12.7 - - 12.5 - - - 20.3+0.1
Codium fragile (Suringar) Hariot - - - - - 9.0 - - - 1.1+£0.2
Enteromorpha compressa - 9.2 13.3 10.1 - 10.0 - - - 28.8+3.8
Enteromorpha linza - - 17.4 20.3 - 10.0 - - - 3.7+£7.2
Ulva pertusa - - - - - 9.0 - - - 3.744.3
Zostera marina - - - - - - -- - - 0.4+0.9
Positive control
Ampicillin (1 pg/disc) - 11.0 - 10.0 21.0 19.0 - - - ND?
Miconazole (1 pg/disc) - - - - - - 18.0 220 9.5 ND

The concentrations of seaweed extracts used were 500 pg/disc, respectively. The hemolytic activity against hRBC was expressed as

meantstandard deviation (n=3)

'PA: Pseudomonas aeruginosa KACC 10186, EC: Escherichia coli, EC0157: Escherichia coli H7:0157, ST: Salmonella typhimurium, BS:
Bacillus subtilis, SA: Staphylococcus aureus, LM: Listeria monocytogenes, CA: Candida albicans KCTC 7270, SC: Saccharomyces cerevi-

siae, and AN: Aspergillus niger. >-: No activity, °ND: Not determined, and “hRBC: human red blood cell.
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Fig. 1. Photography of cell growth inhibition in Ishige okamu-
rai against Staphylococcus aurues. Symbols; M: methanol extract,
H: hexane fraction, EA: ethylacetate fraction, B: butanol fraction,
W: water residue of /. okamurai, and Amp: ampicillin as a posi-
tive control. Concentrations of samples of 1. okamurai and ampi-
cillin used were 250 pg/disc, and 1 pg/disc, respectively. The sizes
of growth inhibition zone of M, H, EA, and ampicillin were 11.0,
14.3, 14.5, and 21.0 mm, respectively.
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3t A= 7)Y 8% slEF, 53] o 2 wEENE C
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M 7FsAE AABRAL ol

g A7) 8% R vske FEE 2 o9 4749
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=42 7 W 712 A7t desid.

HHE felel 71eA = T A7e Yo, 35
T AEFERE v FEES 2AE] A AT



BIOACTIVITY OF SEAWEEDS 149

Table 4. Antifungal activity of the sequential organic solvent fractions and water residues of 8 different seaweeds against pathogenic

Candida species and Sacchromyces cerevisiae.

Extract and fractions

Growth inhibition zone (mm)

Candida albicans

Candida sp.

of seaweeds SC?
1! 2 3 4 5 6 7 8 9 10 11 12
M3 7.0 4 - - - - - - - - - - -
Ecklonia AL LT
stolonifera
B - - - - - - - - - - 8.0 - -
W 7.0 - - 8.0 7.0 - 7.0 - - - 80 7.0 8.0
M 7.0 - - - - - - - - - 70 - -
Eisenia bicyclis FiIA : : : : : : : : : : : : :
(Kjellman) Setchell
B 70 70 70 7.0 - - 70 - - - - 70 70
w - - - - - - - - - - - - 7.0
M 7.0 - - - - - - - - - - - -
H - - - - - - - - - R R - -
Ecklonia cava EA - - - - - - - - - o0 - - -
B - - - - 7.0 - - - - 7.0 - - 7.0
W R - - - - - - - - - R - -
M 75 - - - 75 - - - - - 80 - 8.0
H 8.0 - - - - 7.0 - - - - - - 7.0
Ishige okamurai EA 7.5 - 8.0 7.0 7.0 - 7.5 - - - 70 7.0 8.0
B 8.0 - - 8.0 8.0 7.0 8.0 - - - 80 9.0 -
W - - - - - - 70 - - - - 70 -
M 7.0 - 7.0 8.0 7.0 - - 8.0 - - 8.0 - 8.0
H - - 7.0 7.0 7.0 70 7.0 8.0 - - 70 7.0 -
Ishige foliacea EA - - - - 7.0 - - - - - - - 7.0
B - - - - - - - - - - 7.5 - -
W - - - - - - 7.5 - - - - 7.0 -
M 75 - - - - - - - - - - - -
Hixikia fusiforme H i ) § § ) ) i i i i i i i
Okamura EA - - 7.0 7.0 - - - - - - - - -
B 75 - - 70 7.0 - - - - 7.0 - 75 70
W - - - - 7.0 - - - - 70 75 75 70
M 75 - - - - - - - - - - - -
Cff?j:;‘g EA 75 - 80 - - 15 - ; - - 75 80 75
B - - - 70 70 70 - - - 75 - 75 715
4 - 7.0 - 70 7.0 - 75 - - - - - -
M 7.0 - - - - - - - - - - - -
Sargassum H ) i ) ) 73 i ) ) ) ) ) 73 )
yamade EA - - 7.0 - - 7.0 - - - - - - -
B 7.0 - - - 7.0 - - - - - -85 70
w - - - - 70 70 - - - 7.0 - 75 70
Miconazole (1 pg/disc) 20.0 - 20.0 8.0 18.0 - - 28.0 7.0 11.0 - - 26.0

The concentrations of seaweed extracts and their fractions used were 500 pg/disc, respectively.
1: C. albicans KCTC 7270, 2: C. albicans KCTC 7965, 3: C. albicans KACC 30003, 4: C. albicans KACC 30004, 5: C. albicans KACC
30062, 6: C. albicans CCARM 14020, 7: C. albicans CCARM 14021. 8: C. geochares KACC 30061, 9; C. saitoana KACC 41238, 10: C.
gillermordi CCARM 14018, 11: C. krusei CCARM 14017, and 12: C. tropicalis CCARM 14019. >SC: Saccharomyces cerevisiae. *M: Meth-
anol extract, H: hexane fraction, EA: ethylacetate fraction, B: butanol fraction, and W: water residue, 4. No activity.
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