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Catechins belong to a small group of polyphenolic com-
pounds present in a wide variety of plant species.1 They
include catechin (3-hydroxyflavan) and its epimer, and
also occur as gallates with gallic acid. Since a high con-
centration of catechins was found in tea leaves and tea
extracts in early studies of catechins, many researchers
have been interested in tea and its physiological effects
on our health. Many reports describe the characteristics
of catechins in tea as important antioxidative com-
ponents of food. In contrast, one of the authors (YY) 
previously reported that some flavonoids had both
antioxidant and pro-oxidant activities under certain
conditions.2 There are many studies reporting catechin
composition in tea,3,4 wine,5,6 cacao,7,8 fruit and vegeta-
bles.9–11 However, there was no previous information 
on the presence of catechins in various seaweeds. The
purpose of this research is to understand the catechin dis-
tribution in Japanese seaweeds.

Red, brown, and green algae (27 samples) were col-
lected from various areas in Japan (Table 1). They were
washed with tap water, minced by a food cutter (MK-
K75; Matsushita Electric Co., Osaka, Japan), and stored
at –20°C until use. Catechins were extracted according
to the method for tea catechins.12 Each seaweed sample
(5 g wet sample) was homogenized with 45 mL of
methanol using a mixer (Ultra-Turrax T-25; Janke 
& Kunkel, GmbH Co., Staufen, Germany) at 5000–
10000 rpm for 60 s. The homogenate was centrifuged at
10000 g for 20 min at 4°C and the supernatant was fil-
tered through an Advantec filter paper No. 101 (Toyo
Roshi Kaisha, Ltd, Tokyo, Japan). The residue was then
homogenized twice with 45 mL of 80% methanol and
centrifuged. The collected supernatants were evaporated
to remove both methanol and water. The dried residue
was redissolved in methanol. After replacing air with
nitrogen gas to prevent decomposition of catechins, the
extracts were kept at –80°C until analysis. All samples
were extracted and analyzed in triplicate. 

Catechins were determined by high-performance
liquid chromatography (HPLC) according to the 
modified methods of Suematsu et al.4 and Terada et al.3

Authentic catechin (C), epicatechin (EC), epigallocat-
echin (EG), catechin gallate (Cg), epicatechin gallate
(ECg), and epigallocatechin gallate (EGg) were pur-
chased from Sigma Chemical Co. (St Louis, MO, USA).
Standard solutions for all catechins were prepared in
methanol. Catechin concentrations in the seaweeds
were calculated using a standard curve at the concentra-
tion of 0–5 mg/mL. A peak of each catechin was identi-
fied by the retention time and co-injection with the
standard solution. Chromatograms of standard solution
(four catechins), the Hizikia fusiformis extract, and the
mixture of two solutions are shown in Fig. 1.

Distribution of the catechins in green, brown, and red
algae is shown in Table 1. 

Among six green algae examined, Monostroma
nitidum, Caulerpa serrulata, C. racemosa, and Valonia
macrophysa contained no catechins. Acetabularia
ryukyuensis (Japanese name, Kasanori) contained the
highest concentration (3330 ± 610 mg/g dry weight) of
catechin in all samples. All of the six green seaweeds did
not contain catechin gallate, epicatechin gallate, and
epigallocatechin gallate.

There were no catechins in the brown alga Undaria
pinnatifida (Japanese name, Wakame) which is one of the
most popular edible seaweeds in Japan, and Eisenia bicy-
clis contained no catechins except for catechin gallate.
The highest concentration of epicatechin was found 
in E. bicyclis at the concentration of 3860 ± 700 mg/g 
dry weight. The brown algae Padina arborescens
(Japanese name, Umiuchiwa) and P. minor (Japanese
name, Usuyukiuchiwa) belong to the same species, the
former lives in the temperate zone and the latter lives 
in the subtropical zone. They contained epigallocatech
in gallate at the highest concentrations (680 ± 84 and 
490 ± 3.0 mg/g dry weight) in all samples analyzed. Cate-
chin was detected in both Padina samples, but their 
contents differed from each other; P. arborescens con-
tained 8400 ± 2300 mg/g dry weight of epigallocatechin,
while P. minor did not contain that amount.
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The red alga Porphyra yezoensis (Japanese name, Sus-
abinori) is commonly cultivated in Japan and is usually
manufactured in the form of dried sheets. It contained
catechin and epigallocatechin gallate at concentrations
of 36 ± 4 and 32 ± 4 mg/g dry weight, respectively. In 
other red algae, Chondrus verruscosus and Actinotrichia
fragilis contained no catechins. Gelidium elegans (Japan-
ese name, Makusa) contained catechin, epicatechin and
catechin gallate; catechin gallate was detected only from
this seaweed, out of the 27 seaweeds, at the concentra-
tion 70 ± 44 mg/g dry weight. Among the red algae tested,
Chondrococcus hornemannii (Japanese name, Hosoba-
naminohana) showed the highest content of catechin,
epicatechin, and epigallocatechin, with concentrations
of 2170 ± 95, 360 ± 81, and 16000 ± 760 mg/g dry weight,
respectively. Epicatechin gallate was not detected in all
nine red algae.

Epigallocatechin gallate, epigallocatechin, epicate-
chin gallate, and epicatechin were the most important
components in terms of antioxidant ability among all the
catechins.13–15 In this experiment, we detected relatively
high concentrations of epigallocatechin in seaweeds, but
epigallocatechin gallate, epicatechin gallate and epicat-
echin were minor components. We are investigating 
the antioxidant and pro-oxidant activity of these com-
pounds in seaweeds under different conditions.
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Fig. 1 Chromatograms of (a) catechin standard, (b) Hizikia
fusiformis extract, and (c) the mixture of two solutions. Cate-
chins were separated on an ODS column (Inertsil ODS-2, 
f5 mm, 250 ¥ 4.6 mm ID; GL Science Inc., Tokyo, Japan) at
40°C using acetonitrile/ethyl acetate/0.1% phosphoric acid
(85:20:895) as a mobile phase, at a flow rate of 1.0 mL/min.
Peaks were detected by UV absorption at 280 nm using a spec-
trophotometric detector SPD-6A UV (Shimadzu Co., Kyoto,
Japan).


