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Screening of Seaweed Extracts for Algicidal Substances Using

a Photosensitization Effect
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Photosensitized extracts of 28 scaweed species were tested in vitro to examine the variation in their algicidal
activities against the toxic microalga Cochlodinium polykrikoides. When both seaweed extracts and microalgae
were exposed to UV and visible light, methanol extracts of Porphyra yezoensis showed 5.7- and 4.4-fold
increasesin light-dependent algicidal activity, respectively. When only seaweed extracts were exposed to
both UV (365 nm) and visible light (white lamp) at the same time, methanol extracts of Enteromorpha
linza and Carpopeltis affinis showed 3.3- and 3.4-fold increases in algicidal activity, respectively. When
UV-photosensitized extracts were left in the dark, the algicidal activity of Ecklonia cava increased 13-fold
after 5 h. When visible light-photosensitized extracts were left in the dark, the algicidal activity of Monostroma

nitidum increased by 3.3-fold in 1 h.
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Table 1. Relative growth of Cochlodinium polykrzkozdes in PES medium containing antibiotics. Approximately 5,000 cells
/ral were cultured at 20 under 40 #mol/m’/s for 1 day. Relative growthl was expressed as a ratio between number
of cultured cells with antibiotics and number of cultured cells without antibiotics

'?Tgb;(:f)s Ampicillin Kanamycin Neomycin Nystatin Tetracyclin
190 1.0 £ 0.10 1.0 £ 0.04 1.0 £ 0.07 1.0 £ 0.01 0 + 0.00
390 1.0 £ 0.03 1.0 £ 0.07 1.0 + 0.06 1.0 £ 0.03 0 + 0.00
780 1.0 £ 0.02 1.0 £ 0.09 1.0 £ 0.12 1.0 £ 0.02 0 + 0.00

1,560 1.0 £ 0.08 1.0 £ 0.02 1.0 £ 0.05 1.0 £ 0.04 0 £ 0.00
3,120 0.8 + 0.03 1.0 £ 0.01 1.0 £ 0.06 1.0 £ 0.02 0 + 0.00
6.250 0.6  0.05 1.0 £ 0.02 1.0 £ 0.08 1.0 £ 0.11 0 + 0.00
12,500 0 + 0.00 0.5 £ 0.09 0.3 £ 0.02 1.0 £ 0.07 0 + 0.00
25,000 0 + 0.00 0 £+ 0.00 0 + 0.00 1.0 £ 0.05 0 + 0.00

1
Data are expressed as mean =+ SD.

Table 2. Effect of seaweed extracts on the alglcldal activity determined by light irradiation according to the first protocol.
Relative growth' was expressed as in Table 1

Species No treatment Uv + VIS uv VIS
CHLOROPHYTA
Codium fragile 1.14 £ 0.03 0.53 £ 0.03 0.69 £ 0.01 0.51 £ 0.03
Enteromorpha linza ‘ 0.53 + 0.05 0.29 = 0.01 0.68 + 0.04 0.21 = 0.00
Monostroma nitidum 1.19 £ 0.07 0.59 + 0.02 0.40 + 0.06 0.72 + 0.02
Ulva pertusa 1.12 £ 0.09 09 +0.03 0.98 + 0.06 0.65 + 0.07
PHAEOPHYTA
Colpomenia bullosa 0.34 + 0.01 0.57 £ 0.07 0.19 + 0.01 0.29 + 0.02
Colpomenia sinuosa 0.86 + 0.07 0.28 + 0.03 0.47 + 0.04 0.56 + 0.03
Ecklonia cava 0.40 £ 0.02 0.49 £ 0.10 0.46 + 0.04 0.48 + 0.09
Endarachne binghamiae 0.08 + 0.01% 0.13 % 0.00 0.05 £ 0.01° 0.03 £ 0.00®
Hizikia fusiformis 0.20 £ 0.01 0.27 £ 0.03 0.14 £ 0.01 0.15 £ 0.02
Ishige sinicola 0.15 + 0.06 0.27 + 0.03 0.21 £ 0.08 0.26 £+ 0.01
Laminaria japonica 0.54 + 0.10 0.21 = 0.02 0.18 = 0.01 0.11 + 0.01
Kjellmaniella crassifolia 0.69 + 0.04 0.13 + 0.01 0.23 + 0.05 0.16 = 0.04
Sargassum confusum 0.46 £ 0.05 0.37 £ 0.07 0.35 £ 0.01 0.20 + 0.03
Sargassum horneri . 1.04 £ 0.09 0.54 + 0.03 0.80 + 0.04 0.66 + 0.09
Sargassum sagaminanum 0.73 £ 0.03 0.66 + 0.07 0.44 + 0.01 0.36 + 0.04
Sargassum thunbergii 1.03 + 0.08 0.55 + 0.07 0.57 + 0.03 0.42 + 0.08
Scytosiphon lomentaria 0.76 £ 0.10 0.63 + 0.03 0.48 + 0.02 0.34 £ 0.07
Undaria pinnatifida 0.28 + 0.05 0.27 £ 0.01 0.21 £ 0.05 0.26 + 0.05
RHODOPHYTA .
Carpopeltis affinis 0.93 £ 0.02 0.25 + 0.01 0.56 + 0.06 0.27 + 0.00
Chondrus ocellatus 0.60 + 0.01 0.43 + 0.07 0.56 + 0.01 0.37 + 0.08
Corallina pilulifera 0.04 + 0.01* 0.05 + 0.00° 0.08 + 0.00% 0.02 + 0.00°
Gigartina intermedia 0.49 £ 0.01 0.85 + 0.09 0.156 £ 0.02 0.22 £+ 0.01
Grateloupia prolongata 0.72 £ 0.07 0.82 + 0.02 0.80 £ 0.07 0.67 £ 0.02
Gratedloupia turuturu 0.55 + 0.07 0.38 + 0.03 0.56 + 0.01 0.11 + 0.01
Hypnea charoides 0.63 + 0.03 0.57 £ 0.08 0.64 £ 0.08 0.45 + 0.04
Pachymeniopsis elliptica 0.29 + 0.05 0.08 + 0.01%f 0.14 + 0.02 0.09 + 0.01
Porphyra yezoensis 0.40 + 0.06 0.07 + 0.01° 0.29 + 0.01 0.08 + 0.01
Symphyocladia latiuscula 0.77 + 0.08 1.00 + 0.03 0.98 £ 0.01 1.01 £ 0.07

'Data are expressed as mean + SD, and different superscript letters indicate statistically significant difference (p < 0.05).
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Table 3. Effect of seaweed extracts on the algicidal activity determined by light irradiation according to the second protocol.

Relative growth' was expressed as in Table 1

Species No treatment UV + VIS uv VIS
CHLOROPHYTA
Codium fragile 1.14 * 0.03 0.81 = 0.02 0.66 + 0.09 0.65 + 0.02
Enteromorpha linza 0.53 + 0.05 0.16 £ 0.04° 0.2 x 0.05 0.3 + 0.01
Monostroma nitidum 1.19 + 0.07 0.63 + 0.08 0.83 + 0.02 0.59 + 0.03
Ulva pertusa 1.12 £ 0.09 0.76 + 0.03 1.0 +0.03 1.18 + 0.10
PHAEOPHYTA
Colpomenia bullosa 0.34 + 0.01 0.28 + 0.02 0.53 + 0.10 0.55 + 0.03
Colpomenia sinuosa 0.86 + 0.07 0.46 £ 0.08 0.15 £ 0.01° 0.42 + 0.06
Ecklonia cava 0.40 = 0.02 0.44 £ 0.07 0.66 + 0.07 0.26 + 0.04
Endarachne binghamiae 0.08 + 0.01" 0.11 + 0.01° 0.06 + 0.02* 0.08 + 0.03°
Hizikia fusiformis 0.20 + 0.01 0.31 £ 0.03 0.25 £ 0.01 0.25 + 0.04
Ishige sinicola 0.15 + 0.06 0.15 = 0.01° 0.17 + 0.01% 02 +0.08
Laminaria japonica 0.54 £ 0.10 0.28 + 0.03 0.16 + 0.01° 0.26 + 0.06
Kjellmaniella crassifolia 0.69 = 0.04 0.71 £ 0.05 0.22 £ 0.01 0.36 + 0.08
Sargassum confusum 0.46 £ 0.05 1.09 £ 0.13 0.23 £ 0.07 0.31 £ 0.02
Sargassum horneri 1.04 £ 0.09 0.78 + 0.09 05 + 003 0.42 + 0.07
Sargassum sagaminanum 0.73 £ 0.03 0.37 £ 0.02 0.46 + 0.07 0.70 + 0.04
Sargassum thunbergii 1.03 + 0.08 0.70 £ 0.05 0.54 + 0.08 0.7 +0.03
Scytosiphon lomentaria 0.76 £ 0.10 0.87 + 0.11 05 +0.07 1.06 + 0.02
Undaria pinnatifida 0.28 + 0.05 0.3 £ 0.07 0.46 + 0.01 0.55 + 0.07
RHODOPHYTA
Carpopeltis affinis 0.93 + 0.02 0.27 + 0.01 0.33 + 0.03 0.36 + 0.02
Chondrus ocellatus 0.60 £ 0.01 0.62 + 0.06 0.7 % 0.02 0.92 + 0.08
Corallina pilulifera 0.04 + 0.01° 0.09 + 0.00° 01 + 0.02° 0.12 £ 0.01°
Gigartina intermedia 0.49 = 0.01 0.17 = 0.01° 0.13 = 0.01° 0.35 + 0.01
Grateloupia prolongata 0.72 £ 0.07 0.64 + 0.08 0.83 + 0.01 1.00 £ 0.04
Gratedloupia turuturu 0.55 £ 0.07 0.62 + 0.02 0.33 £ 0.07 0.76 + 0.02
Hypnea charoides 0.63 + 0.03 0.65 + 0.03 0.70 + 0.02 0.80 + 0.07
Pachymeniopsis elliptica 0.29 £ 0.05 0.13 + 0.01° 0.05 £ 0.00° 0.16 + 0.02°
Porphyra yezoensis 0.40 £ 0.06 0.27 + 0.01 0.12 £ 0.02° 0.19 + 0.01'
Symphyocladia latiuscula 0.77 £ 0.08 0.99 £ 0.04 0.86 + 0.09 0.98 + 0.07

'Data are expressed as mean + SD, and different superscript letters
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Table 4. Effect of seaweed extracts on the algicidal activity determined by UV light irradiation according to the third protocol.

Relative growth' was expressed as in Table 1

Relative growth rate

Species

No treatment 0 hr 1 hr 3 hr 5 hr

CHLOROPHYTA

Codium fragile 1.14 + 0.03 0.66 + 0.09 0.57 + 0.03 0.50 + 0.07 0.73 + 0.02

Monostroma  nitidum 1.19 + 0.07 0.83 + 0.02 0.28 + 0.04 0.33 + 0.01 0.46 + 0.02
PHAEOPHYTA

Ecklonia cava 0.40 + 0.02 0.66 + 0.07 0.11 £ 0.01° 0.03 + 0.00° 0.04 + 0.00°

Endarachne binghamiae 0.08 + 0.01™ 0.06 + 0.02" 0.15 + 0.01 0.20 + 0.03 0.39 + 0.02

Ishige sinicola 0.15 + 0.06 0.17 + 0.01 0.06 + 0.01° 0.04 + 0.00° 0.06 + 0.00

Sargassum horneri 1.04 £ 0.09 0.5 + 0.03 0.67 £ 0.08 0.87 + 0.06 0.85 + 0.02

Sargassum thunbergii 1.03 + 0.08 0.54 + 0.08 0.45 + 0.01 0.33 + 0.02 0.40 + 0.08
RHODOPHYTA

Corallina pilulifera Q.04 £ 007 0.1 + 0.02% 0.5 + 0.03 0.12 & 0.04° 0.14 £ 0.01

'Data are expressed as mean + SD, and different superscript letters indicate statistically significant difference (p <0.05).

Table 5. Effect of seaweed extracts on the algicidal activity determined by visible light irradiation according to the third

protocol. Relative growth' was expressed as in Table 1

Relative growth rate

Species
No treatment 0 hr 1 hr 3 hr 5 hr

CHLOROPHYTA

Codium fragile 1.14 + 0.03 0.65 £ 0.02 0.75 £ 0.02 0.69 £ 0.03 0.74 + 0.03

Monostroma nitidum 1.19 £ 0.07 0.59 + 0.03 0.36 £ 0.02 0.61 + 0.01 0.83 + 0.02

Enteromorpha linza 0.53 + 0.04 0.3 1 0.01 0.73 + 0.02 0.80 + 0.03 1.00 £ 0.01
PHAEOPHYTA

Ecklonia cava 0.40 £ 0.02 0.26 £ 0.04 0.14 £ 0.02 0.61 £ 0.02 0.48 + 0.06

Endarachne binghamiae 0.08 + 0.01° 0.08 + 0.03" 0.25 + 0.04 0.29 + 0.04 0.76 + 0.04

Laminaria japonica 0.54 + 0.08 0.26 = 0.06 0.59 + 0.05 0.89 £ 0.05 1.00 + 0.05

Sargassum thunbergii 0.7 % 0.03 0.52 £ 0.04 0.66 + 0.04 0.60 + 0.03
R-ODOPHYTA 1.03 + 0.08

Corallina pilulifera 0.04 + 0.01° 0.12 + 0.01° 0.22 + 0.05 0.20 + 0.05 0.38 + 0.04

'Data are expressed as mean + SD, and different superscript letters indicate statistically significant difference (p < 0.05).
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