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Abstract
In this study, variations in the biochemical composition of two Sargassum fusiforme strains (SF-1 and SF-2) with different vesicle
shapes collected during harvest period were analyzed. Compared with several other algae, S. fusiforme (commonly known as
Hijiki) can be recommended as a nutritious food for its high levels of minerals, polyunsaturated fatty acids, phlorotannins,
fucoidan, and alginate. Comparison of the two strains indicated that there were significant differences between the contents
and characteristics of some components. The alginate content of SF-1 (15.46–26.30%) was higher than that of SF-2 (14.97–
24.40%), while the alginate with highest molecular weight and viscosity was obtained from SF-2 (3.77 × 106 g mol−1,
226.2 mPa s). The content of fucoidan of SF-2 (5.30–11.60%) was higher than that of SF-1 (6.11–7.87%). On the other hand,
the phlorotannin content of SF-1 (17.55–48.91 mg g−1) was higher than that of SF-2 (28.28–39.76 mg g−1), and a higher purity of
fucoxanthin could be obtained from SF-1 (80.59–92.40%) than that from SF-2 (72.50–84.14%). Analysis of fatty acid compo-
sition indicated that EPA andα-linolenic acid were more abundant in SF-1, whereas arachidonic acid was more abundant in SF-2.
The highest content of various nutrients existed in different strains and different periods. So, strain and the time of harvest can be
selected according to the purpose of utilization.
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Introduction

Seaweeds have been consumed as food traditionally in
East Asian countries, especially in Japan, Korea, and
China, and currently as well in countries in Europe,
North America, and South America because they are deli-
cious and contains nutritional components such as minerals
and polysaccharides (Marinho-Soriano et al. 2006).
Besides the application in food industry, they are also used
for the extraction of the bioactive substances. However, the

biochemical composition of seaweed is influenced not only
by the species but also by its environmental conditions, its
maturity, its reproductive type, and the season (Ito and
Hori 1989; Murakami et al. 2011; Schiener et al. 2015).
Thus, the determination of the nutrient composition and
bioactive substances of seaweeds is essential for providing
information on their potential application.

Brown algae have wide utilization in food processing and
nutraceutical industries for their unique bioactive substances,
i.e., fucoidan, alginate, phlorotannins, and fucoxanthin.
Fucoidan is a family of sulfated hetero-polysaccharides whose
structure depends primarily on the algal source (Albana et al.
2007; Zhao et al. 2016). Many of its biological activities have
been reported, i.e., antioxidant, anticoagulant and antithrom-
botic, antiviral, anticancer, immunomodulating, anti-inflam-
matory, anti-fertilization, reducing blood lipids, and gastric
protection activities (Li et al. 2008; Lorbeer et al. 2015).
Alginates are also linear polysaccharides produced by marine
brown algae, with a wide range of molecular sizes and viscos-
ity (Mackie et al. 2016). They have been used extensively in
the food processing industries as thickening or stabilizing and
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emulsifying agents. The application of the alginate largely
depended on its viscosity (Hernández-Carmona et al. 1999).
Phlorotannins are oligomers and polymers of phloroglucinol,
biosynthesized by the acetate-malonate pathway. They have
been evaluated in a wide range of experimental models to
possess antihypertensive, anti-allergic, antibacterial, antican-
cer, antioxidant, neuroprotective, deodorizing, tyrosinase in-
hibitory, anti-diabetic, and anti-adipogenic properties (Kang et
al. 2012; Liu and Gu 2012; Lee and Jeon 2013 Jung et al.
2014) and potential application in cosmetics (Liu et al.
2018). Fucoxanthin, a marine carotenoid, possesses an unusu-
al allenic bond and a 5,6-monoepoxide which makes its struc-
ture unique (Zhang et al. 2014). It has been reported to have
many health benefits, such as antioxidant (Zhang et al. 2014),
anticancer (Kim et al. 2013), anti-obesity, and anti-diabetic
activities (Miyashita et al. 2011; Wu et al. 2015).

Sargassum fusiforme (Harvey) Setchell has been con-
sumed as food for thousands of years in China, Korea, and
Japan. It was also used as a traditional Chinese herbal
medicine and documented in the book of Compendium of
Materia Medica. In recent years, Chen et al. (2012) reported
that polysaccharides purified from S. fusiforme showed
anti-tumor properties in vivo and in vitro and improves the
immune response in tumor-bearing mice. In addition, the
antioxidant, antimicrobial, antihyperlipidemia, immunity
enhancing, and neuroprotective properties of this seaweed
have been studied (Chen et al. 2012; Jin et al. 2014;Wu et al.
2014a). These studies have indicated that S. fusiforme is a
promising producer of raw materials for the nutraceutical
industry. In China, S. fusiforme is widely distributed along
the coastal areas of Liaodong Peninsula, Leizhou Peninsula,
Fujian province, and Zhejiang province, while Dongtou of
Zhejing province is the main cultivation area of S.
fusiforme. The annual output of cultured S. fusiforme is
around 1700 t (dry weight), and it is exported mostly to
Japan with an annual incoming of around US$9 million. In
this study, there are two S. fusiforme strains (SF-1 and SF-2)
collected in Dongtou. SF-1 with slender vesicles is the tra-
ditional strain, while SF-2 with big round vesicles is a newly
cultivated strain (Fig. 1). The big round vesicle strain brings
in a higher yield because the higher weight; however, its
chemical composition remains unknown. In order to under-
stand the potential application of newly cultivated strain of
S. fusiforme, there is a need to compare the bioactive sub-
stances and nutrient composition of these two strains.

The aim of this study is to analyze the biochemical com-
position of these two S. fusiforme strains, including moisture,
ash, lipid, protein, and minerals, as well as the unique bioac-
tive compounds, including alginate, fucoidan, fucoxanthin,
and phlorotannins, during the harvest period of April, May,
and June. The results provide information of the potential
application and the time of harvest of these two cultivated S.
fusiforme strains.

Materials and methods

Sampling of the seaweed

The Sargassum fusiforme samples were collected from April
to June in 2014 in Dongtou (27°84′N, 121°12′E). The samples
from each month were washed with distilled water, freeze
dried, ground into powder, and stored at − 20 °C until
chemical analysis.

Fatty acid analysis

Fatty acid composition was analyzed using a gas chromato-
graph (6890 N, Agilent). According to the method described
by Nomura et al. (2013), dry lipids were mixed with 1 mL 2 N
solution of methanolic sodium hydroxide and heated at
100 °C for 20 min. After cooling, 2 mL 1 N solution of meth-
anolic hydrochloric acid was added and the mixture was heat-
ed at 100 °C for 10 min and then cooled again. Fatty acid
methyl esters (FAMEs) were extracted by adding 1mL hexane
and dried with anhydrous Na2SO4.

FAMEs were analyzed on a gas chromatograph equipped
with a flame ionization detector (FID) and an Inner Wax cap-
illary column (30 mm× 0.25 mm i.d., 0.25 μm). Helium was
used as the carrier gas at a split ratio of 1:3. The injector and
detector temperatures were both set at 240 °C. The column
temperature programming was as follows: from 170 to 210 °C
at 3 °C min−1 and 24 min isothermally. Data were collected
and analyzed using the GC Chem Station program (Agilent
Technologies).

Fig. 1 Morphological feature of the two S. fusiforme strains. SF-1: the
traditional strain with slender vesicles; SF-2: the newly cultivated strain
with big round vesicles
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Elemental analysis

The concentrations of ten elements, i.e., calcium (Ca), mag-
nesium (Mg), iron (Fe), manganese (Mn), copper (Cu), zinc
(Zn), sodium (Na), potassium (K), phosphorus (P), and lead
(Pb), were analyzed using ICP-AES.

Co-extraction of fucoidan and alginate

The co-extraction method (Fig. 2) of fucoidan and alginate
from S. fusiforme was established in our previous research
(Li et al. 2017). Briefly, the seaweed sample was treated with
phosphate buffer containing 1% celluclast in an orbital shaker
for about 12 h at 50 °C and then maintained at 70 °C for 3 h.
After filtration, the supernatant was mixed well with 2%
CaCl2 and the solution was kept at 4 °C overnight. The solu-
tion was then centrifuged at 4000×g for 15 min and the super-
natant and precipitate A1 were collected. Ethanol was added
to the supernatant to the concentration of 30%, and the solu-
tion was stored at 4 °C for 4 h. The obtained solution was
centrifuged at 4000×g for 10 min to separate the supernatant
and precipitate A2. Ethanol was added into the supernatant
again to the final concentration of 60%, and the solution was
kept at 4 °C for 8 h. The fucoidan was then precipitated by
centrifugation at 4000×g for 10 min.

Alginate extraction was a sequential extraction carried out
on the combination of algal residue and the precipitates A1
and A2. The mixture was soaked in 1% (w/w) sodium carbon-
ate solution and extracted for 3 h at 60 °C in an orbital shaker.
After filtering, alginate samples were separated from the crude
extract by hydrochloric acid precipitation. The precipitate was

washed three times with ethanol. Then, the alginic acid was
converted into sodium alginate again by adding 40% sodium
hydroxide solution to keep pH at 8 for 40 min. Extraction
yields were calculated by the ratio of initial seaweed mass
and obtained dry alginate mass.

Chemical composition analysis of fucoidan

Total carbohydrate of fucoidan was quantified using the phe-
nol-H2SO4 method (Foley et al. 2011) and the total carbohy-
drate content was calculated by reference to the sugar stan-
dard (0–100 μg mL−1 fucose) at 490 nm. Sulfate content was
estimated quantitatively using the BaCl2-gelatin turbidimet-
ric method (Dodgson 1961). The concentration of sulfate
present was determined by reference to a sulfate standard
curve using K2SO4 (0–150 μg mL−1) at 550 nm.

Molecular weight and viscosity analysis of alginate

The molecular weights of the alginate samples were esti-
mated by high-performance gel permeation chromatogra-
phy (HPGPC) with a differential refractometer detector
and a TSK-gel GM PWXL Column, eluted with 0.2 M
NaCl at a flow rate of 0.5 mL min−1. The column tem-
perature was kept at 35 °C. All samples were prepared as
0.1% (w/v) solutions, and 20 μL of solution was analyzed
in each run. Dextran samples of Mw 5.21 × 105, 2.89 ×
105, 1.1 × 105, 6.06 × 104, 1.26 × 104, and 4.32 ×
103 g mol−1 were used as standards.

The viscosities were measured on a Rotary viscometer at
25 °C. The initial alginate solutions in a concentration of

Fig. 2 Extraction process of main components from S. fusiforme
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10 mg mL−1 were prepared by sufficient stirring at room
temperature.

Phlorotannin extraction and yield

Phenolic compounds were extracted in distilled water (2 g of
algal powder in 50 mL distilled water) at 50 °C for 30 min.
The extracts were centrifuged and the total phlorotannin con-
tent was determined using the Folin-Ciocalteu method with
some modification (Wang et al. 2012a). A 0.2-mL aliquot of
sample was mixed with 1.3 mL of distilled water and 0.5 mL
of Folin-Ciocalteu reagent. Then, 1 mL of sodium carbonate
(7.5% in distilled water) was added. The samples were incu-
bated for 1 h at room temperature in the dark. The absorbance
was measured at 770 nm. The phlorotannin content was cal-
culated by using phloroglucinol (Sigma, USA) as a standard
(0–100 μg mL−1), and the results were expressed asMilligram
of phloroglucinol equivalent per gram of sample powder (mg
PGE g−1).

Fucoxanthin purification

The co-extraction of lipids and pigments has been described
previously. The extraction mixture was dissolved in the solu-
tion of hexane/acetone (ratio 6:4, v/v) and fractionated by sil-
ica column chromatography. The obtained fucoxanthin was
analyzed by high-performance liquid chromatography
(HPLC) with a UV-VIS detector and a Diamonsil C18
Column, eluted with 100% methanol at a flow rate of
1.0 mL min−1. The column temperature was kept at 30 °C.
Fucoxanthin solutions (Sigma, USA) in a series of concentra-
tions (0–300 μg mL−1) were used as standards.

Proximate analysis

Moisture content was measured using a Mettler MJ33 mois-
ture analyzer (Mettler Toledo). Total ash content was deter-
mined by weight loss using an initial weight of 5.0 g of
materials that were placed in an oven at 550 °C (Thiex et
al. 2012). Crude protein content was determined using a
Foss Kjeltec 8400 Automatic Kjeldahl analyzer and was
calculated by multiplying nitrogen content with a factor of
6.25 (Nagappan and Vairappan 2014). Lipid and fucoxan-
thin were co-extracted using the solvent extraction method
described by Gerasimenko et al. (2010) with a minor mod-
ification (Fig. 2). Briefly, sample powder was extracted with
the mixture of acetone and ethanol (ratio 1:3, v/v) and then
twice extracted with the mixture of chloroform and metha-
nol (ratio 2:1, v/v) at 40 °C in an orbital shaker for 1 h. The
combined filtrate was concentrated by rotary evaporation at
40 °C to estimate the total weight of extractable compounds
in it. The lipid mass was calculated by subtracting the fuco-
xanthin mass from the total weight.

Statistical analysis

In order to eliminate the differences of different individuals,
the samples from the same month were combined. Except the
purification of the fucoxanthin and the determination of the
molecular weight of alginate, each experiment was replicated
three times, and analyses were performed three times. Data
were expressed as the mean ± standard deviation (SD).
Statistical analyses were performed using one-way ANOVA
(SPSS V19.0). Group means were considered to be signifi-
cantly different at p < 0.05.

Flowchart

Main processing for isolation of each component including
the co-extraction of alginate and fucoidan, the simultaneous
extraction of lipids and pigments, and the aqueous extraction
of phlorotannins are summarized in Fig. 2.

Results

Proximate analysis (moisture, ash, proteins, lipids)

The significant semimonthly variations in the chemical com-
position of the two strains of S. fusiforme are shown in Table 1
(p < 0.05). The moisture contents of SF-1 ranged from 75.67
to 107.60 mg g−1 and those of SF-2 ranged from 84.40 to
107.50 mg g−1. The ash content of SF-1 increased to a max-
imum value of 351.70 mg g−1 in May 04 and decreased there-
after. The highest ash content for SF-2 was 377.63 mg g−1 in
April 11 and the content generally decreased during the three
harvest months. Total lipid content of both the two strains
increased from April to May and decreased thereafter. The
highest lipid contents were 46.10 and 42.57 mg g−1 for SF-1
and SF-2, respectively. The highest protein contents were
119.80 and 102.53 mg g−1 for SF-1 and SF-2, respectively.

Mineral elements

The semimonthly changes in contents of major mineral ele-
ments in two S. fusiforme strains are shown in Table 2. The
content of major mineral elements of SF-1 and SF-2 showed
similar variation. P was most abundant in both two strains,
followed by K and Na of similar contents, then followed by
Ca andMg. The two strains showed similar contents of Ca and
Na, while SF-1 showed higher contents of Mg, K, and P than
those of SF-2.

The changes in contents of trace elements are shown in
Table 3. Among trace elements detected, the most abundant
element in the two strains was Fe, followed by Zn, Mn, and
Cu. The contents of four trace elements of SF-1 were gener-
ally higher than those of SF-2. Furthermore, Cu was not
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detected in SF-2 during the three harvest months. Pb was also
detected (Table 3) and ranged between 0.20 and 0.62 mg kg−1

in SF-1, and it varied from 0.10 to 0.84 mg kg−1 in SF-2.

Fatty acid composition

The semimonthly variations in the fatty acid composition of
two S. fusiforme strains are shown in Tables 4 and 5. A total of
24 fatty acids were detected in SF-1 and 23 in SF-2 with the
absence of C23:0. Two unknown fatty acids detected in both
strains and, in accordance with the peak order, we hypothe-
sized that they were nonadecylic acid (C19) and marked them
as C19:a and C19:b, respectively.

The fatty acid composition of the two S. fusiforme strains
was similar. In both strains, the most abundant fatty acid was
palmitic acid (C16:0), followed by arachidonic acid (C20:4 n-
6), α-linolenic acid (C18:3 n-3), eicosapentaenoic acid (EPA,
C20:5 n-3), oleic acid (C18:1 n-9), and C19:a. α-Linolenic

acid was the most abundant omega-3 PUFA followed by
EPA, and arachidonic acid was the most abundant omega-6
PUFA. The contents of α-linolenic acid and EPA in SF-1
(7.30–12.45% and 7.23–10.04%) were higher than those in
SF-2 (6.06–10.36 and 5.48–9.40%), while the levels of ara-
chidonic acid and oleic acid in SF-2 (15.40–18.70 and 7.58–
10.27%) were higher than those in SF-1 (12.45–18.45 and
5.87–9.88%). The highest PUFA levels were 46.10%
(23.25 mg g−1 dry weight) and 50.44% (21.47 mg g−1 dry
weight) in SF-1 (May 04) and SF-2 (May 13), respectively.
The ratio of n-6/n-3 in SF-1 ranged from 0.95 to 1.45 and from
1.15 to 1.80 in SF-2.

Alginate yield, molecular weight, and viscosity

The semimonthly changes of the alginate content and charac-
terization of the alginates from the two S. fusiforme strains are
shown in Table 6. The highest alginate content was observed

Table 2 Semimonthly variations in the major mineral elements of two S. fusiforme strains (mg g−1)

April 11 April 23 May 04 May 13 May 29 June 15

Ca SF-1 2.30 ± 0.02c 2.57 ± 0.04a 2.42 ± 0.07b 2.46 ± 0.05b 2.57 ± 0.03a 2.48 ± 0.11a

SF-2 2.50 ± 0.03ab 2.57 ± 0.02a 2.17 ± 0.08e 2.31 ± 0.03d 2.40 ± 0.05c 2.48 ± 0.00bc

Al SF-1 0.28 ± 0.01e 0.37 ± 0.00d 0.40 ± 0.02c 0.79 ± 0.02a 0.22 ± 0.02f 0.67 ± 0.01b

SF-2 0.14 ± 0.01d 0.24 ± 0.01b 0.22 ± 0.01c 0.10 ± 0.01e 0.12 ± 0.00d 0.39 ± 0.01a

Mg SF-1 1.61 ± 0.02d 2.02 ± 0.04a 1.76 ± 0.05c 1.74 ± 0.02c 1.86 ± 0.04b 1.88 ± 0.00b

SF-2 1.69 ± 0.03b 1.86 ± 0.01a 1.39 ± 0.05d 1.48 ± 0.03c 1.52 ± 0.05c 1.81 ± 0.02a

K SF-1 3.16 ± 0.09b 4.57 ± 0.01a 2.56 ± 0.08cd 2.48 ± 0.03d 2.63 ± 0.01c 2.60 ± 0.02c

SF-2 2.63 ± 0.01a 2.70 ± 0.05a 2.71 ± 0.16a 2.57 ± 0.14a 2.07 ± 0.07b 2.64 ± 0.03a

Na SF-1 2.42 ± 0.03e 3.79 ± 0.05a 3.21 ± 0.04c 3.06 ± 0.01d 3.34 ± 0.08b 3.83 ± 0.02a

SF-2 3.28 ± 0.04c 3.36 ± 0.02b 2.81 ± 0.03e 2.82 ± 0.01e 2.91 ± 0.03d 3.60 ± 0.09a

P SF-1 64.51 ± 2.63c 83.55 ± 3.89b 94.08 ± 4.45a 93.31 ± 1.07a 81.44 ± 1.91b 42.51 ± 1.68d

SF-2 87.10 ± 1.19a 86.97 ± 0.98a 79.71 ± 1.69b 75.88 ± 2.28c 71.41 ± 2.88d 36.44 ± 0.25e

Values are expressed as means ± standard (n = 3). Statistical analyses were performed using one-wayANOVA.Mean values in the same row followed by
different letters differ significantly (p < 0.05)

Table 1 Semimonthly variations in the chemical composition of two S. fusiforme strains (mg g−1 dw)

April 11 April 23 May 04 May 13 May 29 June 15

Moisture SF-1 89.01 ± 2.87c 75.67 ± 2.21d 101.00 ± 1.28b 102.70 ± 1.47b 107.60 ± 1.13a 106.63 ± 1.82a

SF-2 96.43 ± 1.85c 101.83 ± 1.50b 106.87 ± 2.04a 84.40 ± 1.22e 107.50 ± 2.09a 91.03 ± 0.71d

Ash SF-1 333.57 ± 0.75d 345.43 ± 0.21b 351.70 ± 0.35a 324.53 ± 0.67e 342.03 ± 0.40c 272.03 ± 1.47f

SF-2 377.63 ± 1.33a 341.90 ± 0.53e 358.43 ± 0.31b 356.63 ± 0.12c 343.83 ± 0.70d 274.03 ± 0.21f

Protein SF-1 119.80 ± 0.92a 108.77 ± 0.65b 98.57 ± 0.40d 106.47 ± 1.31c 93.77 ± 0.65e 95.00 ± 0.60e

SF-2 102.53 ± 1.10a 102.30 ± 0.35a 92.30 ± 0.35b 84.60 ± 0.69d 92.53 ± 1.10b 90.63 ± 0.65c

Lipid SF-1 38.33 ± 0.35c 35.77 ± 0.50d 46.10 ± 0.17a 45.53 ± 0.68a 42.43 ± 0.81b 35.23 ± 0.92d

SF-2 37.43 ± 0.98d 39.20 ± 0.17c 41.23 ± 0.68ab 42.57 ± 0.75a 40.23 ± 0.68bc 33.53 ± 1.59e

Values are expressed as means ± standard (n = 3) Statistical analyses were performed using one-way ANOVA.Mean values in the same row followed by
different letters differ significantly (p < 0.05)
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Table 3 Semimonthly variations in the trace elements and Pb of two S. fusiforme strains (mg kg−1)

April 11 April 23 May 04 May 13 May 29 June 15

Fe SF-1 259.39 ± 24.73e 485.57 ± 24.15c 646.50 ± 16.98b 763.99 ± 74.56a 340.57 ± 31.82d 484.82 ± 18.13c

SF-2 179.32 ± 3.62d 281.17 ± 16.96b 93.77 ± 6.97e 81.56 ± 0.14e 378.18 ± 22.78a 254.15 ± 20.80c

Mn SF-1 27.96 ± 0.87d 46.20 ± 1.77b 40.97 ± 3.73c 64.57 ± 2.72a 60.54 ± 0.47a 48.55 ± 3.53b

SF-2 27.65 ± 1.15c 37.54 ± 0.31b 24.77 ± 1.63dc 20.67 ± 1.15d 77.90 ± 5.71a 33.69 ± 0.14b

Cu SF-1 25.77 ± 0.43a 0.92 ± 0.05c 0.35 ± 0.04d 5.95 ± 0.03b ND 0.64 ± 0.01cd

SF-2 ND ND ND ND ND ND

Zn SF-1 338.34 ± 11.45a 38.34 ± 0.83de 31.34 ± 0.51e 98.58 ± 4.31b 80.42 ± 2.57c 42.10 ± 2.27d

SF-2 322.19 ± 3.74a 42.69 ± 2.93b 42.08 ± 0.71b 15.37 ± 1.16d 26.90 ± 2.00c 13.37 ± 0.68d

Pb SF-1 0.60 ± 0.06a 0.20 ± 0.01c 0.62 ± 0.06a 0.47 ± 0.03b 0.44 ± 0.02b 0.20 ± 0.04c

SF-2 0.84 ± 0.01a 0.47 ± 0.03b 0.29 ± 0.00c 0.11 ± 0.00e 0.10 ± 0.01e 0.17 ± 0.01d

Values are expressed as means ± standard (n = 3). Statistical analyses were performed using one-wayANOVA.Mean values in the same row followed by
different letters differ significantly (p < 0.05)

ND not detected

Table 4 Fatty acid composition of SF-1 (%)

SF-1 April 11 April 23 May 04 May 13 May 29 June 15

C14:0 3.19 ± 0.10d 3.76 ± 0.17c 3.33 ± 0.16d 3.30 ± 0.22d 4.69 ± 0.09b 5.30 ± 0.26a

C14:1 n-5 1.12 ± 0.10b 1.46 ± 0.09a 1.12 ± 0.07b 0.81 ± 0.05c 0.76 ± 0.02c 0.71 ± 0.00c

C15:0 0.24 ± 0.01c 0.28 ± 0.01ab 0.24 ± 0.01c 0.26 ± 0.02bc 0.29 ± 0.01ab 0.31 ± 0.00a

C16:0 20.28 ± 1.48d 22.72 ± 1.41c 22.69 ± 0.09c 24.56 ± 0.70bc 25.67 ± 0.54b 28.19 ± 0.00a

C16:1 n-7 3.71 ± 0.15c 4.49 ± 0.4b 3.03 ± 0.02d 3.01 ± 0.08d 4.04 ± 0.14c 4.93 ± 0.07a

C17:1 n-7 0.53 ± 0.04b 0.52 ± 0.03b 0.50 ± 0.01b 0.52 ± 0.02b 0.61 ± 0.05a ND

C18:0 0.40 ± 0.02d 0.48 ± 0.03c 0.61 ± 0.01a 0.52 ± 0.02bc 0.55 ± 0.01b ND

C18:1 n-9 5.87 ± 0.40c 7.37 ± 0.32b 6.22 ± 0.14c 6.50 ± 0.11c 7.46 ± 0.21b 9.88 ± 0.20a

C18:2 n-6 4.03 ± 0.14a 2.72 ± 0.10c 3.51 ± 0.03b 3.61 ± 0.07b 3.63 ± 0.26b 3.82 ± 0.20ab

C18:3 n-6 0.94 ± 0.05a 0.36 ± 0.01b 0.28 ± 0.01c ND ND ND

C18:3 n-3 10.55 ± 0.45c 7.30 ± 0.21d 10.89 ± 0.03c 11.98 ± 0.10b 12.45 ± 0.14a 10.41 ± 0.01c

C20:0 ND ND 0.30 ± 0.01 ND ND ND

C20:1 n-9 1.89 ± 0.11b 2.00 ± 0.16b 2.22 ± 0.03ab 2.03 ± 0.05b 2.47 ± 0.24a 2.09 ± 0.01b

C20:2 n-7 0.59 ± 0.03b 1.40 ± 0.06a 0.42 ± 0.02c ND ND ND

C20:3 n-6 0.74 ± 0.05bc 0.53 ± 0.02d 0.65 ± 0.02cd 0.89 ± 0.02ab 0.94 ± 0.14a 0.70 ± 0.04cd

C20:4 n-6 17.20 ± 1.20a 12.45 ± 1.08c 17.60 ± 0.26a 18.45 ± 0.46a 14.78 ± 0.30b 14.36 ± 0.01b

C20:5 n-3 10.00 ± 0.80a 7.53 ± 0.55c 10.04 ± 0.10a 9.82 ± 0.26a 8.54 ± 0.06b 7.23 ± 0.03c

C22:0 0.51 ± 0.026bc 0.65 ± 0.05a 0.46 ± 0.03bc 0.57 ± 0.04ab 0.50 ± 0.04bc 0.50 ± 0.00bc

C22:1 n-9 3.54 ± 0.30a 3.89 ± 0.22a 3.69 ± 0.04a 3.24 ± 0.22a 3.26 ± 0.10a 3.33 ± 0.00a

C22:2 n-6 1.76 ± 0.00b 6.95 ± 0.45a 1.18 ± 0.04bc 0.64 ± 0.06c 0.62 ± 0.06c 0.70 ± 0.01c

C23:0 1.11 ± 0.01a 0.87 ± 0.07b ND ND ND ND

C22:6 n-3 ND 1.03 ± 0.02b ND ND ND 1.65 ± 0.13a

SFA 28.93 32.21 30.83 31.89 34.38 36.18

MUFA 18.73 22.10 20.31 17.59 20.17 22.08

PUFA 52.34 45.69 50.45 50.52 45.10 41.74

n-6/n-3 1.20 1.45 1.11 1.08 0.95 1.01

The proportions of fatty acids detected are expressed as means (%, total fatty acid) ± standard (n = 3). Statistical analyses were performed using one-way
ANOVA. Mean values in the same row followed by different letters differ significantly (p < 0.05)

ND not detected
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in SF-1 (June 15), whereas the alginate with maximum mo-
lecular weight and viscosity was obtained from SF-2 (May
04). The highest alginate contents were 262.97 mg g−1 and
244.05 mg g−1 for SF-1 and SF-2, respectively. The molecular

weights of alginates extracted from SF-1 samples were highest
in June 15 (9.49 × 105 g mol−1) and lowest in April 23 (3.55 ×
105 g mol−1), while those from SF-2 were highest in May 04
(3.77 × 106 g mol−1) and lowest in April 11 (3.20 ×

Table 5 Fatty acid composition of SF-2 (%)

SF-2 April 11 April 23 May 04 May 13 May 29 June 15

C14:0 4.08 ± 0.24b 4.02 ± 0.07b 3.60 ± 0.01c 3.12 ± 0.06d 4.65 ± 0.25a 4.40 ± 0.16ab

C14:1 n-5 0.73 ± 0.06bc 1.45 ± 0.12a 1.27 ± 0.10a 1.09 ± 0.08ab 0.59 ± 0.04c 0.46 ± 0.01c

C15:0 0.32 ± 0.02a 0.40 ± 0.00a 0.31 ± 0.02a 0.28 ± 0.00a 0.41 ± 0.02a 0.30 ± 0.01a

C16:0 27.51 ± 0.16b 27.07 ± 0.94b 24.87 ± 0.37c 22.83 ± 0.43d 29.06 ± 0.44a 29.86 ± 0.54a

C16:1 n-7 4.30 ± 0.40bc 4.59 ± 0.02b 3.82 ± 0.11bc 3.62 ± 0.27c 6.01 ± 0.09a 5.75 ± 0.49a

C17:1 n-7 ND ND 0.45 ± 0.01a 0.47 ± 0.02a ND 0.25 ± 0.01b

C18:0 0.75 ± 0.06b 0.55 ± 0.04c 0.66 ± 0.05bc 0.42 ± 0.02d 0.60 ± 0.03c 0.90 ± 0.01a

C18:1 n-9 8.37 ± 0.18c 8.07 ± 0.11c 7.58 ± 0.17d 7.05 ± 0.39e 9.20 ± 0.13b 10.27 ± 0.09a

C18:2 n-6 3.69 ± 0.01b 4.02 ± 0.09ab 3.98 ± 0.13ab 3.76 ± 0.15b 4.20 ± 0.15a 3.80 ± 0.23b

C18:3 n-6 ND ND 0.43 ± 0.06ab 0.38 ± 0.00b 0.49 ± 0.01a 0.23 ± 0.01c

C18:3 n-3 10.20 ± 0.30a 8.70 ± 0.16b 9.05 ± 0.19b 10.36 ± 0.14a 6.06 ± 0.02d 7.52 ± 0.06c

C20:0 ND ND ND 0.36 ± 0.00b ND 0.40 ± 0.00a

C20:1 n-9 2.37 ± 0.11c 2.56 ± 0.01bc 2.73 ± 0.25ab 2.05 ± 0.09d 2.99 ± 0.01a 2.41 ± 0.10c

C20:2 n-7 ND ND ND 0.57 ± 0.00a 0.54 ± 0.05a 0.37 ± 0.02b

C20:3 n-6 0.70 ± 0.06b 0.83 ± 0.07ab 0.73 ± 0.03b 0.92 ± 0.05a 0.73 ± 0.03b 0.75 ± 0.04b

C20:4 n-6 17.06 ± 0.19b 15.69 ± 0.12c 15.76 ± 0.42c 18.70 ± 0.51a 15.40 ± 0.22c 15.95 ± 0.15c

C20:5 n-3 7.53 ± 0.33d 8.12 ± 0.15c 8.80 ± 0.38b 9.40 ± 0.15a 6.14 ± 0.08e 5.48 ± 0.09f

C22:0 ND ND 0.54 ± 0.04a 0.63 ± 0.03a 0.52 ± 0.02a 0.62 ± 0.03a

C22:1 n-9 3.97 ± 0.38bc 4.41 ± 0.11b 4.04 ± 0.15b 3.49 ± 0.10c 5.22 ± 0.07a 4.14 ± 0.24b

C22:2 n-6 1.25 ± 0.1a 0.94 ± 0.08bc 0.85 ± 0.06c 1.20 ± 0.07a 1.16 ± 0.05ab 1.16 ± 0.09ab

C23:0 ND ND ND ND ND ND

C22:6 n-3 ND ND 1.08 ± 0.04a ND ND 0.81 ± 0.05b

SFA 34.92 34.73 32.84 30.17 37.21 37.77

MUFA 21.10 22.85 21.79 19.40 25.35 24.10

PUFA 43.98 42.42 45.37 50.44 37.43 38.12

n-6/n-3 1.27 1.28 1.15 1.26 1.80 1.68

The proportions of fatty acids detected are expressed as means (%, total fatty acid) ± standard (n = 3). Statistical analyses were performed using one-way
ANOVA. Mean values in the same row followed by different letters differ significantly (p < 0.05)

ND not detected

Table 6 Semimonthly changes of the alginate content and characterization of the alginates from two S. fusiforme strains

April 11 April 23 May 04 May 13 May 29 June 15

Alginate (mg g−1 dw) SF-1 154.64 ± 9.00cd 140.41 ± 10.48d 170.39 ± 5.09c 195.52 ± 8.88b 192.65 ± 3.82b 262.97 ± 6.94a

SF-2 149.72 ± 8.51d 173.83 ± 7.59cd 206.03 ± 12.73b 197.30 ± 17.67bc 244.05 ± 19.66a 238.36 ± 11.52a

Molecular weight (g mol−1) SF-1 8.64 × 105 3.55 × 105 8.46 × 105 7.72 × 105 9.06 × 105 9.49 × 105

SF-2 3.20 × 105 3.34 × 105 3.77 × 106 1.72 × 106 2.56 × 106 1.08 × 106

Viscosity (mPa s) SF-1 15.9 ± 0.2e 9.9 ± 0.2f 23.0 ± 0.1c 17.5 ± 0.1d 24.5 ± 0.1b 29.1 ± 0.2a

SF-2 8.9 ± 0.3e 9.0 ± 0.4e 226.2 ± 0.6a 61.3 ± 0.8c 96.3 ± 0.4b 27.7 ± 0.8d

Values of alginate yield and viscosity are expressed as means ± standard (n = 3) Statistical analyses were performed using one-way ANOVA. Mean
values in the same row followed by different letters differ significantly (p < 0.05)

J Appl Phycol (2018) 30:3271–3283 3277



105 g mol−1). It was also observed that the viscosities of algi-
nates were highly correlated with molecular weight (R2 = 0.98
for SF-1), and the highest values were 29.1 and 226.2 mPa∙s
for SF-1 and SF-2, respectively.

Fucoidan yield and general analysis

The variations of the fucoidan contents of the two S. fusiforme
strains are shown in Table 7. For both strains, the fucoidan
contents of seaweeds in the intermediate stage of growth were
lower than those of samples in other stages. The maximum
fucoidan content of SF-2 (116.03 mg g−1) was higher than that
of SF-1 (78.68 mg g−1).

Phlorotannin content

The semimonthly changes in the phlorotannins of the two S.
fusiforme strains are shown in Table 8. Phlorotannins of the
two strains increased from April reaching a maximum in May
and decreasing thereafter. The maximum phlorotannin content
of SF-1 (48.91 mg PGE g−1) was much higher than that of SF-
2 (39.76 mg PGE g−1).

Fucoxanthin yield and purity

The purity and yield of fucoxanthin extracted from two S.
fusiforme strains during harvest are listed at Table 9. More
pure fucoxanthin could be obtained from SF-1 (80.59–
92.40%) than from SF-2 (72.50–84.14%) by the method
established in this study. Fucoxanthin purified from SF-1 col-
lected in May 13, 29 and June 15 had relatively high purity

(91.09–92.40%), and the sample collected in June 15 show a
higher fucoxanthin yield than those of May 13 and 29.

Discussion

In China, Dongtou is known as the Bhometown of Sargassum
fusiforme^. Sargassum fusiforme cultivated in Dongtou grew
fast in April and May and began breeding in June. There is
distinct difference between the size of vesicles of SF-1 and
SF-2. The size of vesicles of SF-1 is normal while that of SF-2
is much bigger. Although these two stains grew in the same
culture condition, the results in this study indicated that the
biochemical compositions and the trends of components var-
iation were different between the two strains.

The comparison of the contents of ash, lipid, and protein in S.
fusiforme with those of other seaweeds is summarized in Table
10. The contents of ash in S. fusiforme were found to be higher
than those of some red seaweeds such as Porphyra purpurea
(Taboada et al. 2013), Grateloupia turuturu (Denis et al. 2010),
and Gracilaria cervicornis (Marinho-Soriano et al. 2006) and
brown seaweed such as Sargassum oligocystum (Praiboon et
al. 2018) and were similar to those of some brown seaweeds
(Table 10) such as Costaria costata (Wu et al. 2014b), Eisenia
arborea (Landa-Cansigno et al. 2017), and Sargassum horneri
(Murakami et al. 2011). High ash content in seaweed is caused
by its ability to absorb minerals from its environment (Pena-
Rodriguez et al. 2011). The concentrations of major and trace
minerals indicated that some trace minerals such as Fe, Zn, and
Mnwere of higher levels in S. fusiforme than those inmany other
seaweeds including S. oligocystum (Praiboon et al. 2018),

Table 7 Semimonthly variations in fucoidan content and chemical characterization of fucoidans from two S. fusiforme strains

April 11 April 23 May 04 May 13 May 29 June 15

Fucoidan (mg g−1 dw) SF-1 78.68 ± 0.70a 68.42 ± 2.21b 65.31 ± 1.57bc 61.93 ± 1.71cd 76.91 ± 2.68a 61.09 ± 1.70d

SF-2 116.03 ± 3.79a 52.99 ± 0.42e 64.70 ± 0.69d 62.03 ± 0.71d 89.28 ± 1.56c 111.56 ± 1.56b

Total sugar (mg g−1 fucoidan) SF-1 418.09 ± 9.35b 310.54 ± 8.13e 352.01 ± 1.63d 448.97 ± 12.18a 353.07 ± 5.42d 371.18 ± 2.64c

SF-2 262.60 ± 8.62d 283.25 ± 20.14cd 290.90 ± 12.53bc 331.23 ± 8.15ab 324.22 ± 18.25a 322.97 ± 17.76a

Sulfate content (mg g−1

fucoidan)
SF-1 68.61 ± 1.16f 105.55 ± 2.28d 93.33 ± 2.42e 128.91 ± 2.82b 117.11 ± 3.21c 169.93 ± 3.96a

SF-2 55.25 ± 0.94f 90.30 ± 1.44c 76.71 ± 0.59e 84.09 ± 0.31d 95.60 ± 1.03b 98.61 ± 1.20a

Values are expressed as means ± standard (n = 3). Statistical analyses were performed using one-wayANOVA.Mean values in the same row followed by
different letters differ significantly (p < 0.05)

Table 8 Semimonthly changes in the phlorotannins of two S. fusiforme strains (mg PGE g−1)

April 11 April 23 May 04 May 13 May 29 June 15

SF-1 17.55 ± 0.21f 25.83 ± 0.44e 41.28 ± 0.35c 48.91 ± 0.33a 46.72 ± 0.46b 32.61 ± 0.17d

SF-2 28.28 ± 1.1d 35.60 ± 0.76b 39.76 ± 0.67a 34.60 ± 1.34b 29.81 ± 0.1c 19.03 ± 0.22e

Values are expressed as means ± standard (n = 3). Statistical analyses were performed using one-wayANOVA.Mean values in the same row followed by
different letters differ significantly (p < 0.05)
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Kappaphycus alvarezii (Yong et al. 2015), and Laminaria
digitata and Laminaria hyperborea (Schiener et al. 2015).

Protein contents in young tissues were found to be higher
(Table 1), and similar trends have been reported in S. horneri
(Murakami et al. 2011) and Macrocystis pyrifera
(Westermeier et al. 2011). The reason may be that tissue pro-
teins are positively correlated with environmental supply and/
or internal reserves of nitrogen, which are depleted or diluted
during growth (Westermeier et al. 2011). As shown in Table
10, though the protein content of S. fusiforme was lower than
those of some listed red seaweeds, its protein content was
similar to those of many green seaweeds and brown seaweeds.

The lipid contents varied strongly according to the species
(Table 10). The lipids content of two S. fusiforme strains were
relatively higher than many Sargassum species such as S.

wightii, S. horneri (harvested in southern Japan), S.
oligocystum, and S. vulgare (Kumar et al. 2015; Murakami
et al. 2011; Praiboon et al. 2018; Marinho-Soriano et al.
2006) but lower than S. horneri collected in the subarctic zone
(Nomura et al. 2013). Compared seaweeds from other genera
(Table 10), the lipid contents of the two S. fusiforme strains
were higher than most other seaweeds, except Caulerpa
sertularioides (Gosch et al. 2012), Cystoseira hakodatensis
(Nomura et al. 2013), and Ulva lactuca (Yaich et al. 2011).

The major fatty acids in S. fusiforme were palmitic acid
(C16:0), arachidonic acid (C20:4 n-6), α-linolenic acid
(C18:3 n-3), EPA (C20:5 n-3), and oleic acid (C18:1 n-9),
which was same as reported by Terasaki et al. (2009). Most
seaweeds are reported to be rich in PUFA (Gosch et al. 2012).
However, is some other Sargassum species such as S.

Table 9 The purification and
yields of fucoxanthin extracted
from two S. fusiforme strains
during harvest

April 11 April 23 May 04 May 13 May 29 June 15

Purity (%) SF-1 82.88 80.59 84.90 91.09 92.21 92.40

SF-2 72.50 80.53 83.72 84.14 84.09 78.70

Yield (mg g−1) SF-1 0.11 0.25 0.10 0.05 0.05 0.12

SF-2 0.12 0.17 0.10 0.02 0.03 0.08

Table 10 Comparison of chemical composition in two S. fusiforme strains with other seaweeds (% dw)

Species Ash Lipid Protein Reference

R Eucheuma cottonii 46.19 1.10 9.76 Matanjun et al. (2009)

R Grateloupia turuturu 18.5 2.6 22.9 Denis et al. (2010)

R Gracilaria cervicornis 10.5 0.43 19.7 Marinho-Soriano et al. (2006)

R Porphyra purpurea 21.3 2.8 33.2 Taboada et al. (2013)

G Enteromorpha spp. 32.64–36.38 2.24–2.27 9.45–14.10 Aguilera-Morales et al. (2005)

G Caulerpa lentillifera 37.15 1.11 10.41 Matanjun et al. (2009)

G Ulva lactuca 19.59 7.87 8.46 Yaich et al. (2011)

G Caulerpa sertularioides – 13.04% – Gosch et al. (2012)

B Eisenia arborea (blades) 21.72–33.72 0.15–0.25 11.42–12.52 Landa-Cansigno et al. 2017)

B Costaria costata 29.25–38.19 0.40–2.21 9.77–18.15 Wu et al. (2014b)

B Cystoseira hakodatensis – 4.96–15.59 – Nomura et al. (2013)

B Saccharina japonica 31.0 2.61 13.0 Jurković et al. (1995)
B Sargassum horneri – 4.74–10.19

9.20–14.25
– Nomura et al. (2013)

B Sargassum horneri 21.8–36.7 0.52–1.15 5.64–12.8 Murakami et al. 2011)

B Sargassum kjellmannianum 17.83–19.49 – 11.7–15.09 Li et al. (2012)

B Sargassum oligocystum 21.27–22.54 3.51–5.66 7.12–9.26 Praiboon et al. (2018)

B Sargassum vulgare 19.4 0.49 13.6 Marinho-Soriano et al. (2006)

B Sargassum wightii 15–22 2–3 8.0–12.2 Kumar et al. (2015)

B Undaria pinnatifida 28.3 1.0 16.8 Taboada et al. (2013)

B SF-1 27.20–35.17 3.52–4.61 9.38–11.98 This study

B SF-2 27.40–37.76 3.35–4.26 8.46–10.25 This study

G green alga, R red alga, B brown alga, – unknown
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oligocystum from Thailand and S. muticum fromMalaysia, the
main fatty acids were saturated fatty acids which composed of
almost 50% of total fatty acids (Praiboon et al. 2018; Matanjun
et al. 2009). Balboa et al. (2016) reported that seaweeds har-
vested in cold regions have higher polyunsaturated fatty acids
than those harvested from tropical areas. The most abundant
omega-3 PUFA in S. fusiforme was α-linolenic acid followed
by EPA. Both are considered as essential nutrients in human
health, especially in providing good protection against cardio-
vascular disease (Gosch et al. 2015). Arachidonic acid, the
most abundant omega-6 PUFA in S. fusiforme, also plays an
important role in biological systems, such as in the immune
response, thrombosis, and brain function (Miyashita et al.
2013). In addition, EPA and α-linolenic acid were more abun-
dant in SF-1, whereas arachidonic acid was more abundant in
SF-2. However, diets with high n-6/n-3 ratio have been report-
ed to cause some health problems, including inflammatory and
autoimmune diseases, cardiovascular disease, and cancer
(Gosch et al. 2015; Yong et al. 2015). As reported by
Simopoulos (2002), it is recommended that the ratio of n-6/n-
3 essential fatty acids should be 1:1 to 2:1. In the current study,
the n-6/n-3 ratio in SF-1 varied from 0.95 to 1.45, and this in
SF-2 varied from 1.15 to 1.80. Thus, both S. fusiforme strains
could be considered as healthy food resources for fatty acids.

Lipids and pigments were co-extracted in this study by a
method reported by Kim (2014) and Dos Santos et al. (2015)
with a minor modification. Because fucoxanthin was a major
carotenoid in this seaweed, it was further purified. High-purity
fucoxanthin (92.40%) could be obtained on a silica gel from
SF-1 sample harvested in June 15. The purity was higher than
that obtained from SF-2 (84.14%), Sargassum binderi (90.7%),
and Sargassum duplicatum (90.1%) (Noviendri et al. 2011).

In the traditional extraction process of fucoidan, the algi-
nate precipitates were always discarded, and most of the algi-
nates still remained in the algal residue in the form of insoluble
alginate (Wu et al. 2014b). Thus, a co-extraction method of
alginate and fucoidan was used in this study. Alginate was
isolated from the combination of algal residue and the precip-
itates during the isolation of fucoidan. This method has many
advantages including time saving, cost reduction, and recov-
ery promoting, so it has potential industrial application.

In the current study, it was observed that alginate levels in
both strains generally increased during the three harvest
months. This may be due to the increasing in intensity of
sunshine from April to June and the growth of vesicles which
allows the algae to float on the surface of seawater receiving
sufficient sunshine. Alginate contents in both strains of S.
fusiforme (140.41–262.97 mg g−1 dw for SF-1 and 149.72–
244.05 mg g−1 dw for SF-2) were higher than in Saccharina
japonica (142–225 mg g−1 dw) (Chen et al. 2009), which is
known as the most important resource for alginate production
in the world. Thus, S. fusiforme, especially SF-1, could be
developed as a new raw material for alginate production. It

has been reported that the high contents of alginate could give
flexibility and mechanical resistance to cells and tissues
(Balboa et al. 2013), and plants growing in more turbulent
water usually contain more alginate than the same species
growing in calmer water (Schiener et al. 2015). Thus, the
off-shore raft culture of S. fusiforme in Dongtou might con-
tribute to the relatively high level of alginate. For alginate
extracted from S. fusiforme, the viscosity was highly correlat-
ed with molecular weight (R2 = 0.9333) in accordance with
the previous studies (Clementi et al. 1998; Torres et al.
2007). Generally there are three main categories of alginate,
i.e., alginates of high viscosity (above 800 mPa s), alginates of
medium viscosity (400–800 mPa s), and alginates of low vis-
cosity (below 400 mPa s) (Hernández-Carmona et al. 1999),
and these have different applications. The viscosities in our
study were relatively low (9.9–29.1 mPa s for SF-1, 8.9–
226.2 mPa s for SF-2), as found previously for S. fusiforme
alginate (Guo et al. 2003). Low-viscosity alginate can be used
in paper making, fruit industry, and textile printing and dyeing
(Hernández-Carmona et al. 1999).

Fucoidan is a complex sulfated polysaccharide found in the
cell wall matrix of brown algae which has a variety of physio-
logical and biological activities. Previous studies have clearly
shown that the composition and complexity of fucoidans from
different brown seaweeds can vary considerably (O’Connell et
al. 2008; Wijesinghe and Jeon 2012). It is known that other than
fucose, fucoidan also contains additional monosaccharides such
as mannose, galactose, glucose, xylose, and glucuronic acid, and
many different sulfation patterns occur in these molecules (Wang
et al. 2012b). In our present study, fucoidan yields in SF-2 were
higher than those of SF-1 and other seaweeds except Undaria
pinnatifida (Table 11). Fucoidan from S. fusiforme has been re-
ported to have many biological activities including anticoagulant
(Dobashi et al. 1989), antioxidant (Choi et al. 2010), anti-
dementia (Hu et al. 2016), and anti-inflammation activities (Lee
et al. 2015). The high content of fucoidan indicated that S.
fusiforme could be developed as a useful raw material for the
production of fucoidan.

Phlorotannins are integral structural components of the cell
wall in brown algae and also play many secondary ecological
roles such as protection from UV radiation and defense against
grazing (Heffernan et al. 2015). In our current study, the contents
of phlorotannins in SF-1 and SF-2 were higher than those of
many other Sargassum spp., including S. muticum (Tanniou et
al. 2013), S. horneri (Yin et al. 2015), and S. oligocystum
(Praiboon et al. 2018). Moreover phlorotannins were extracted
with distilled water instead of an organic solution, so that the
phlorotannins could be safely and conveniently used in the phar-
maceutical, cosmeceutical, and nutraceutical industries.
However, only a few researches have been undertaken to eval-
uate the biological activities, types, and structures of
phlorotannins from S. fusiforme (Wang et al. 2014; Yang et al.
2013) and further studies are necessary.
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For algae and its products, Pb is the only heavy metal con-
taminant mentioned in National Food Safety Standards of
China, and the maximum residue level is 1 mg kg−1 dry weight
(Ministry of Health of the People’s Republic of China 2013).
The levels of Pb in all samples detected in our studywere below
1 mg kg−1 meaning that the two S. fusiforme strains cultivated
in Dongtou can be considered as safe for food consumption.

In conclusion, the chemical composition of the two S.
fusiforme strains extensively varied during harvest. This
research improves our knowledge of the nutritional value
of this species and the difference between the two strains.
Sargassum fusiforme can be recommended as a nutritious
food, based on its high levels of minerals, PUFAs,
phlorotannins, fucoidan, and alginate of low viscosity. It
also can be used as a raw material in pharmaceutical, cos-
meceutical, and nutraceutical industries for extraction of
bioactive substances. Because the highest content of vari-
ous nutrients existing in different strains and periods, the
strain and the time of harvest can be selected to satisfy
different utilization requirements. The main morphological
differences of the two strains are vesicle shapes, which
may explain their biochemical differences.
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