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Sargassum macrocarpum is a rich source of anti-inflammatory compounds. Recently, one of the compounds, tu-

beratolide B, has been reported as a functional anti-inflammatory additive for foods and nutraceuticals. The artificial 

seeding, growth and maturation of S. macrocarpum were investigated from May 2018 to September 2019. Indoor culture 

experiments for induction of egg release were conducted at temperatures of 17, 20, 23, and 26°C and irradiances of 0, 10, 

20, 40, and 80 µmol photons m-2 s-1 under 14 : 10 h (L : D) photoperiod. Within a given treatment combination, higher 

temperatures and irradiance levels favoured the maturation of receptacles in S. macrocarpum. Using artificial tempera-

ture and irradiance control, thalli matured one month earlier than thalli in nature. Under natural condition, receptacle 

formation began in April, and the eggs were released in June and July. The release of eggs from the receptacles was pro-

moted at 17-20°C and 40-80 µmol photons m-2 s-1, and the fastest growth of germlings occuring at 15-17°C and 40 µmol 

photons m-2 s-1. For mature thalli, 300 g wet-weight was sufficient to seed 100 m of seed string. Thalli grew to 10.5 ± 2.6 cm 

in length at a density of 6.7 ± 3.3 individuals m-1 after 1 year of cultivation, from germination. This study demonstrates 

that it is possible to cultivate S. macrocarpum for the production of anti-inflammatory products. 
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INTRODUCTION

There are 30 species of Sargassum species reported in 

Korea (Oak and Lee 2006). The perennial Sargassum mac-

rocarpum C. Agardh has a wide distribution in Japan (Mu-

rase et al. 2000) and Korea (Oak and Lee 2006). This alga 

usually grows at depths of 10 m or more, forming dense 

stands contributing to the sea forest. The Sargassum sea 

forests play important ecological roles in the coastal eco-

system (Murase and Kito 1998) due to their large biomass 

and high productivity. These beds provide nursery ar-

eas to commercially important fish species and help to 

preserve environmental conditions (Yoshida et al. 1963, 

Murase et al. 2000). Surprisingly, Sargassum rafts act as a 

substratum for numerous epibiotic organisms, providing 

them with habitat, a food source and a mode of dispersal 
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126°37′44″ E), Jeju Island, Korea from May 2018 to April 

2019. During each collection, three 1 × 1 m quadrats were 

randomly placed on the benthos, and all S. macrocarpum 

thalli inside the quadrats were collected and transport-

ed to the laboratory. Once in the laboratory, thalli were 

cleaned of epiphytes and rinsed with filtered seawater. 

All the thalli were measured and weighed. The seawater 

temperature at the sampling site was measured using a 

Hobo UA-002-64 data logger (Onset, Bourne, MA, USA).

Induction of egg release

Indoor culture experiments were undertaken in June 

2018. Reproductive plants were transported to the labo-

ratory immediately after collection, were rinsed in sterile, 

filtered seawater, and the receptacles were excised. The 

receptacles were immersed in 1% Betadine solution for 

a few seconds and then incubated at 20 ± 0.5°C in an an-

tibiotic mixture solution (Guillard 1968) for one day. Af-

ter being cleaned, the receptacles were cultured in Petri 

dishes (10 explants in each of triplicate) with 20 mL of 

PESI culture medium. Egg release from the receptacles 

was measured at temperatures of 17, 20, 23, and 26°C un-

der 40 µmol photons m-2 s-1 and 14 : 10 h (L : D), and irra-

diances of 0, 10 20, 40, and 80 µmol photons m-2 s-1 under 

20°C and 14 : 10 h (L : D). Irradiance was measured at the 

surface on the sterilized Petri dishes using a LI-1500 Data 

logger (Li-Cor, Lincoln, NE, USA). In all the cultures, low 

temperature incubators (HB-103S; HanBaek Scientific 

Co., Bucheon, Korea) were used to control the photope-

riod at 14 : 10 h (L : D). Egg release was determined as the 

percentage of explants in each treatment showing egg 

release, under microscopic observation (n = 10 in each 

of triplicate).

Germling growth

Mature thalli were moved to plastic dishes (50 cm di-

ameter, 20 cm depth), and an embryo solution was cre-

ated by rubbing the mature thalli which had embryos in 

their receptacles. The liberated embryos that sank onto 

the bottom of the plastic dishes were collected in a mesh 

net (ca. 300-500 µm in mesh size) and washed several 

times with freshly filtered seawater. After being cleaned, 

the embryos were cultured in triplicate Petri dishes with 

20 mL of PESI culture medium. Culture conditions for 

germling growth were 40 µmol m-2 s-1 and 14 : 10 h (L : D) 

for temperature experiment (5, 10, 15, 20, and 25°C), 20°C 

and 14 : 10 h (L : D) for irradiance experiment (5, 10, 20, 

40, and 80 µmol photons m-2 s-1), 20°C and 40 µmol pho-

(Kim et al. 2019b, Kwon et al. 2019). Therefore, consider-

able information has been accumulated on their growth, 

maturation period and cultivation techniques from eco-

logical and industrial viewpoints. 

S. macrocarpum are not ideal canidiates for aquaclture 

as their solid conical holdfast (Ko et al. 2019), is believed 

to less well suited to regeneration of new fronds from the 

holdfast than S. fulvellum or S. fusiforme which have den-

dritic or fibrous holdfasts (Oak and Lee 2006). However, it 

has been reported that an anti-inflammatory substance 

(Kim et al. 2019a) can be extracted from the alga, and 

consequently, there is renewed interest in developing 

aquaculture techniques for this species.

Previous studies have shown that Sargassum species 

contain terpenoids, polysaccharides, polyphenols, sar-

gachromenol, steroids, and plastoquinones (Yende et al. 

2014), which possess anti-oxidant (Kim et al. 2007), anti-

choline esterase inhibitory (Choi et al. 2007), anti-cancer 

(Zandi et al. 2010), anti-inflammatory (Kang et al. 2008, 

Sanjeewa et al. 2019), immunomodulatory (Chandraraj 

et al. 2010), and other biological activities (Kim et al. 

2018). Compounds extracted from S. macrocarpum have 

been shown to inhibit the CpG-induced inflammatory 

response in bone marrow-derived macrophages and de-

rived dendritic cells (Kim et al. 2019a). Inflammation has 

become one of the leading causes of morbidity world-

wide because of the overproduction inflammatory medi-

ators in many serious diseases such as arthritis, asthma, 

vascular disease, dermatitis, migraines, obesity, and oth-

er diseases (Islam et al. 2013, Fernando et al. 2016, Kim et 

al. 2016, 2019a).

Despite the economic value of Sargassum, S. fulvellum 

is currently the only artificially cultivated Sargassum spe-

cies, being typically for human consumption and sea re-

forestation. Since the demand for S. macrocarpum is like-

ly to increase in the future, S. macrocarpum has potential 

commercial cultivation in Korea. In order to protect the 

natural resource from overharvesting, it is important to 

develop mariculture techniques for this species. This pa-

per reports on studies on the artificial seeding, growth, 

maturation, and culture conditions for the commercial 

cultivation of S. macrocarpum.

MATERIALS AND METHODS 

Sample collecting 

S. macrocarpum plants were collected monthly from 

the rocky areas in 3-5 m depth at Jocheon (33°32′23″ N, 
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Nursery and main cultivation

After three months of tank culture, seedlings were 

transferred to the nursery farm in Hwabuk, Jeju Island 

where they were held from September to November 

2018. Hwabuk is 6 km from Jocheon and has an environ-

ment similar to Jocheon. It is an area where artificial reefs 

are installed at a depth of 3-6 m, making it a convenient 

place to establish the trial in a sheltered environment. 

The seedlings were transferred to the main cultivation 

farm where they were on-grown from November 2018 to 

September 2019 using a long-line system, described by 

Hwang et al. (2006). The seed strings were attached to a 

100 m culture line (3 mm diameter, 50 mm length) every 

10 cm. The main culture line was held at 3 m depth, using 

plastic buoys. Culture ropes were periodically cleaned of 

fouling. Biological variables such as length of thalli and 

biomass per culture rope were measured monthly during 

the culture period. 

Statistical analysis

Data were analyzed with one-way ANOVA. Homogene-

ity of variances was verified using the Levene’s test. When 

the ANOVA revealed significant differences (p < 0.05), a 

post hoc Tukey’s honest significant difference test was 

applied. Data were analyzed using SPSS ver. 8.0 and SYS-

TAT ver. 9.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

Growth and maturation

Seawater temperature in the natural habitat of S. mac-

rocarpum varied from 12.7 to 29.4°C during the experi-

tons m-2 s-1 for photoperiod experiment (10 : 14, 12 : 12, 10 

: 14 h, L : D) at the surface on the sterilized Petri dishes, 

were controlled by EYELA incubators (MTI-202B; Tokyo, 

Japan). Growth was measured as the length of each whole 

thallus using a microscope (CKK41; Olympus, Tokyo, Ja-

pan) with a digital CCD camera (DP27; Olympus). The 

culture experiments lasted for 30 days, and the initial and 

final length of thalli was measured. The relative growth 

rate (RGR) was calculated by the following formula (Seri-

sawa et al. 2002, Hwang et al. 2018): 

RGR (% d-1) = 100 t-1 ln (Va/Vb)

, where Va is the value of the variable (length) at time t2, 

Vb is the value at time t1, and t is the number of days from 

t1 to t2.

Artificial seeding

As a seeding material for the embryos, PVC frames (ca. 

35 cm height × 45 cm width), holding a total length of 100 

m of seed string made of mixed nylon and polypropyl-

ene fibres were used for Sargassum cultivation. The col-

lected embryos in suspension were panted on to the seed 

frames with a paintbrush. Seedlings of S. macrocarpum 

were reared in an indoor tank for 90 days from June to 

September 2018 until they were up to 10-15 mm in length. 

The tank used for the seedling culture was 1 m wide, 10 m 

long and 60 cm deep. Fresh seawater and air were contin-

uously supplied, through a pipe, to the tank. Water tem-

perature was not controlled. Illumination was regulated 

using shade cloth, to about 64.4-96.6 µmol photons m-2 

s-1 (the readings were taken on the water surface, at noon 

each day). During the seeding and culture, the length and 

number of primary thalli on the seed string and the num-

ber of laterals were measured once a week.

Fig. 1. Fluctuations in mean length of Sargassum macrocarpum C. Agardh and seawater temperature at 10 m depth at Jocheon, Jeju Island, Ko-
rea from May 2018 to April 2019. Gray area indicates a maturation period in nature and the vertical bars represent the standard deviation. 
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egg release from the receptacles occurred in culture (Fig. 

2B) for both male and female receptacles (Fig. 2C-H). The 

embryos (Fig. 2I) started to grow rhizoids after 2 days, 

and the germlings formed an early blade (Fig. 2J) after 10 

days later. The second, third and fourth blades formed 

after 25, 42, and 56 days, respectively (Fig. 2K-M). Tem-

perature and irradiance significantly affected egg release 

(one-way ANOVA, p < 0.01) (Fig. 3A & B). After 9 days of 

culture under 17°C and 40 µmol photons m-2 s-1, the egg 

release rate reached a maximum value of 89.5%.

For the 30 days of indoor culture, the young thalli had 

responded differently to the different temperature and 

photoperiod conditions (Fig. 4). The RGR of thalli was 

the highest at 15°C, reaching a maximum value of 0.9 ± 

0.1% d-1 (one-way ANOVA, p < 0.01) (Fig. 4A). The RGR 

ment (Fig. 1). The maximum seawater temperature was 

recorded in August 2018, and the minimum in February 

2019. S. macrocarpum started to grow when the seawa-

ter temperature decreased below 20°C in October. Thalli 

reached a mean maximum length of 135.3 ± 3.2 cm in 

June and a mean minimum length of 53.1 ± 2.7 cm in 

October. After October, the growth of thalli started to 

increase. In nature, receptacle formation was observed 

from April to July when seawater temperature was 16.1-

22.9°C. The peak period for egg release from female re-

ceptacles was from June to July. 

Egg release and germling growth

Observations of mature thalli (Fig. 2A) indicated that 

Fig. 2.  Early development of Sargassum macrocarpum C. Agardh. (A) Thalli. (B) Matured receptacles (arrowheads). (C) A female branch. (D) A 
male branch. (E) A female receptacle. (F) A male receptacle. (G) Cross-sectioned view of the female receptacle. (H) Cross-sectioned view of the 
male receptacle. (I) Released embryos. (J) A germling after 10 days culture. (K) A germling after 25 days culture. (L) A germling after 42 days cul-
ture. (M) A germling after 56 days culture under 15°C, 20 µmol m-2 s-1, 10 : 14 L : D. Scale bars represent: A, 10 cm; B-F, 1 cm; G-I, 200 µm; J-M, 500 
µm.
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of thalli was not significantly different between 5 and 40 

µmol photons m-2 s-1 but significantly decreased under 

higher irradiance conditions (one-way ANOVA, p < 0.05) 

(Fig. 4B). The RGR of thalli was the highest at 12 : 12 h (L 

: D) and the lowest at 10 : 14 h (L : D) (one-way ANOVA, p 

> 0.05) (Fig. 4C).

Nursery and main cultivation

The seed frames with attached germlings were trans-

ferred to the nursery culture ground from September to 

November 2018 (Fig. 5). After 2 months of nursery cul-

ture, germlings grew to a mean length of 4.2 ± 0.3 mm 

with a relatively narrow range of between 3 and 5 mm 

(Table 1). The density of the germlings varied between 2.2 

and 15.4 per centimetre of seed string (Table 1). Epiphyt-

ic algae, copepods and hydrozoans were observed on the 

seed strings during the nursery culture phase. During 

the main cultivation, from November 2018 to September 

2019, young thalli grew to 10.5 ± 0.6 cm in length (Table 

2) and the density of the young thalli varied between 6.7 

and 25.2 plants per meter of culture rope (Table 2). 

DISCUSSION

Natural products and their derivatives have been rec-

ognized for many years as a source of therapeutic agents 

that have a wide range of multidimensional chemical 

structures (Sircar 1982). The marine environment is a 

source of structurally unique secondary metabolites pro-

duced by different organisms such as sponges, tunicates, 

bryozoans, soft corals, molluscs, microorganisms and 

seaweeds (Blunt et al. 2011). Seaweed exploitation ac-

Fig. 3. Effect of temperature and irradiance on egg release from receptacles of Sargassum macrocarpum C. Agardh during 10 days of culture. 
Culture conditions were 40 µmol m-2 s-1 and 14 : 10 h (L : D) for temperature experiment (A), and 20°C and 14 : 10 h (L : D) for irradiance experiment 
(B). Values are presented as mean ± standard error (n = 30).

A B

Fig. 4. Effect of temperature, irradiance and photoperiod on early 
growth of germlings of Sargassum macrocarpum C. Agardh after 30 
days culture. Culture conditions were 40 µmol m-2 s-1 and 14 : 10 h (L : 
D) for temperature experiment (A), 20°C and 14 : 10 h (L : D) for irradi-
ance experiment (B), 20°C and 40 µmol m-2 s-1 for photoperiod experi-
ment (C). Values are presented as mean ± standard error (n = 60).
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inhibition of nitric oxide and prostaglandin E2 production 

and inhibition of the expression of inducible nitric oxide 

synthase and cyclooxygenase-2 at the mRNA and protein 

levels. Moreover, a strong inhibitory effects on the pro-

duction of interleukin (IL)-12 p40, IL-6, and tumour ne-

crosis factor α in CpG-stimulated bone marrow-derived 

macrophage and bone marrow-dendritic cell (Manzoor 

et al. 2014) have been shown to have anti-inflammatory 

effect on bone marrow-derived macrophages and den-

dritic cells (Cheon et al. 2017).

Seaweed mariculture generally results in less environ-

mental impact and degradation than the harvesting of 

wild populations (Kapraun 1999). The present research 

shows that mass production of embryos of S. macrocar-

pum is possible, with high germling survival observed 

in the indoor culture trials (Table 1). The initial survival 

rate of germling was 30-40% when cultured indoors in 

the currently industrially produced S. fulvellum and S. 

fusiforme (Hwang 1997, Hwang et al. 2006), which was 

counts for a market of over US$ 6 billion dollars per year 

(Food and Agriculture Organization of the United Na-

tions 2003, Smit 2004), with a total annual use estimated 

at 8 million tons. Seaweeds are the most abundant source 

of polysaccharides, including alginates, agar and carra-

geenan (Laurienzo 2010), however, the development of 

seaweed secondary metabolites as therapeutic or an-

tifouling agents is still in its infancy. The common uses 

are related to the food and cosmetic industries; however, 

biotechnological applications are rapidly expanding and 

hydrogels currently account for 10% of this market (Lau-

rienzo 2010). 

Due to the high costs and potentially adverse side ef-

fects associated with anti-inflammatory drugs as long-

term treatments, screening of natural sources of anti-

inflammatory compounds with minimal side effects has 

drawn much attention (Oh et al. 2016). S. macrocarpum 

extracts have been shown to have anti-inflammatory 

properties through a wide range of activity, These include 

Fig. 5.  Artificial seeding, nursery and main culture process of Sargassum macrocarpum C. Agardh. (A) Mature thalli. (B) Eggs attached on recep-
tacles. (C) Released embryos. (D) Dense embryo suspension and seeding of the embryos on a seed frame by a paintbrush (frame is 45 cm × 35 cm, 
holding a total length of 100 m of string made of mixed nylon and polypropylene fibres). (E) Tank culture of seed frames after seeding. (F) Nursery 
culture of seed frames at 3 m depth. (G) Young thalli attached on seed frames. (H) Young thalli growing on main culture rope at July 2019. Scale 
bars represent: B, 1 cm; C, 200 µm.
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graphic range of a species, as a function of genotypic ad-

aptation, resulting in the presence of distinct “eco-types” 

with different tolerance limits and optimum tempera-

tures (Davison 1991, Boderskov et al. 2016). 

S. macrocarpum exhibits significant differences when 

compared to S. fulvellum and S. horneri during the seed 

production phase. S. fulvellum and S. horneri release a 

large amount of mucus along with the embryos (Uchida 

1993, Hwang et al. 2005), which helps the eggs to attach to 

the spore strings. S. macrocarpum produces less mucus 

resulting in a lot of embryo’s shedding and a lower germ-

ling density. S. fulvellum and S. horneri, the harvestable 

biomass is reached within 1 year from seed production 

to main cultivation, whereas in S. macrocarpum harvest-

able biomass is reached after 2 years. Slow growth rate 

may be problematic in terms of the economic viability of 

mass cultivation of these seaweeds. During the nursery 

and main cultivation trials, there was no grazing loss by 

herbivorous fishes but the densities of plants decreased 

(Tables 1 & 2) due to physical disturbances such as wave 

action associated with typhoons. 

The slow growth rate of S. macrocarpum poses chal-

lenges for wild harvest and commercial aquaculture. In 

the wild S. macrocarpum grows slowly for one year but 

begins to grow rapidly and becomes mature after two 

years with a lifespan of more than nine years (Murase 

similar to that of the S. macrocarpum in this study. It can 

be said that this suggests that there is a high possibility of 

stable artificial seedling production of S. macrocarpum. 

This technology will permit the cultivation of a seedstock 

of germlings for aquaculture and sea forest reforestation.

The onset of regeneration of S. macrocarpum occurs 

at the end of the growth period in October. Formation 

of reproductive branch started in February, receptacle 

formation began in April, and embryo release continued 

until July (Fig. 1). The pattern of growth and maturation 

of S. macrocarpum showed similar pattern to S. fusiforme 

(Hwang 1997). Reproductive thalli can be induced the re-

lease of eggs in the laboratory, and the optimal conditions 

for release occurred when receptacles were maintained 

at 17°C and 80 µmol photons m-2 s-1 (Fig. 2). Significant 

mortalities occurred when thalli were held at tempera-

tures in excess of 23°C. Egg release rates also increased 

at higher irradiance under the appropriate temperature 

conditions. 

In this study, growth of S. macrocarpum from Jeju is-

land germlings was maximized at 15°C, 40 µmol photons 

m-2 s-1 and 12 : 12 h (L : D) (Fig. 4). In contrast, Yoshida et 

al. (1997) reported that the growth of germlings of S. mac-

rocarpum from Hiroshima Bay, Japan was maximized at 

15°C and 100 µmol photons m-2 s-1. The tolerance limits 

and optimum temperature may also vary within the geo-

Table 1. Environments and growth of germlings of Sargassum macrocarpum C. Agardh during nursery culture from September to November 
2018 at Hwabuk, Jeju Island, Korea

Day
Growth Environment

Lengtha No. of laterals Densityb Seawater temperature (°C) Salinity (psu)
0 2.9 ± 0.1 1.4 ± 0.1 15.4 ± 1.5 19.1-23.5 31.6-33.6

30 3.3 ± 0.2 2.4 ± 0.1   5.2 ± 0.3
60 3.6 ± 0.4 2.8 ± 0.1   3.5 ± 0.2
70 4.2 ± 0.3 3.0 ± 0.2   2.2 ± 0.1

Values are presented as mean ± standard error (n = 20).
aLength of germlings (mm).
bDensity of germlings on seed strings (individuals cm-1).

Table 2. Environments and growth of Sargassum macrocarpum C. Agardh during the main cultivation from November 2018 to September 2019 
at Hwabuk, Jeju Island, Korea

Month
Growth Environment

Lengtha No. of laterals Densityb Seawater temperature (°C) Salinity (psu)
November 2018 0.4 ± 0.1 3.0 ± 0.2 25.2 ± 5.1 19.1 ± 0.7 33.6 ± 0.1
January 2019 1.4 ± 0.5 3.9 ± 0.2 18.7 ± 3.3 14.5 ± 0.4 34.2 ± 0.2
March 1.6 ± 1.2 4.6 ± 0.3 15.3 ± 4.2 14.9 ± 0.5 33.2 ± 0.2
May 6.2 ± 1.4 6.7 ± 1.5    8.2 ± 2.3 18.0 ± 0.8 33.4 ± 0.1
July   10.5 ± 2.6 8.5 ± 2.1    6.7 ± 3.3 20.5 ± 1.2 33.1 ± 0.3
September -c 19.5 ± 0.7 33.6 ± 0.2

Values are presented as mean ± standard error (n = 20).
aLength of main axis (cm).
bDensity of thalli on culture ropes (individuals m-1).
cDestroyed after 7 typhoons from July to September 2019 (Korea Meteorological Administration 2019).
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and Kito 1998). Under culture conditions, Murase (2001) 

found that the growth of juvenile thalli was also very slow, 

reaching only 10 cm or less in total length after approxi-

mately one year from germination and reaching about 

15 cm in total length after 1.5 year growth. Similarly, in 

this study, S. macrocarpum reached a total length of 10 

cm within 1 year after germination. In case of Sargas-

sum genus that breeds in embryos like S. fulvellum and 

S. fusiforme, the growth of thalli due to germling is very 

slow within 10 cm in the first year, and in the second year 

reproduction it grows rapidly to 50 cm-1 m (Hwang 1997, 

Hwang et al. 2006). It is expected that the S. macrocar-

pum will show a similar trend, for which additional out-

door culture experiments are needed. 

The artificial propagation of S. macrocarpum will en-

able this species to be used in an important ecological 

role to create seaweed forests in Jeju Island, Korea and 

will also increase the potential for industrial utilization of 

this species. However, due to the long grow-out periods 

for S. macrocarpum compared to other species, commer-

cial cultivation will require greater investment and incur 

higher opportunity costs than other farmed seaweed 

species.
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