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Abstract  A randomized clinical trial enrolling healthy volunteers was carried out to evaluate the effects of S. 
muticum supplementation. An experiment was conducted to investigate whether intake of S. muticum could exert 
beneficial effects on human health. Volunteers were asked to consume dried encapsulated S. muticum 4.8 grams 
daily for 4 weeks. Analysis was made on several parameters including blood lipid profile, stress hormone level, 
fatigue status, liver functions, and lymphocyte subpopulation level, before and after consumption of the S. muticum 
capsuls. Fifty-one subjects were able to complete this study. Oxidized LDL (ox-LDL) decreased 14% from the 
baseline level of 6.0±1.4 μg/mL to 5.1±1.6 μg/mL, and the difference was statistically significant (p<0.05). There 
was a correlation between decreased ox-LDL levels and increased total antioxidant status (TAS) levels after S. 
muticum intake. There was a remarkable increase in natural killer (NK) lymphocyte count, but changes in the mean 
absolute lymphocyte subsets were unremarkable. Healthy subjects showed significant improvement of biomarkers of 
fatigue and liver functions, such lactate dehydrogenase (LDH), aspartate aminotransferase (AST), and alanine 
aminotransferase (ALT). These results suggest that S. muticum may have potential beneficial effects as a healthy 
food supplement through its antioxidant, hepatoprotective and immunologic functions. 
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1. Introduction 
There are about 6,000 seaweed species in the world. 

They are classified into three major groups: green 
(chlorophytes), red (rhodophytes) and brown 
(phaeophytes). Brown seaweeds are the group with the 
largest production, contributing approximately to 59% of 
the total production in 2006, followed by red (40%) and 
green (<1%) seaweeds [1]. Brown seaweed especially 
contains many types of bioactive compounds such as 
omega-3 polyunsaturated fatty acids, polyphenols, 
polysaccharides, fucosterol, and fucoxantin. These 
bioactive compounds are used as the source of foods, 
animal feeds and medicine. Algal polyphenols have many 
biological activities, including anti-inflammatory, 
hepatoprotective, anti-tumor, and anti-hypertensive, as 
well as anti-diabetic activity based on the inhibition of α-
glucosidase [2].  

Sargassum muticum (Yendo), a species of brown algae 
called “Mojaban” has been a favorite food for years as it is 
used for preparing “Mom-guk” soup, a well-known 
traditional seafood broth of Jeju Island, South Korea. 
“Mom-guk” is blessed with the abundance of various 

minerals, vitamins and dietary fibers. Brown algae are 
increasingly on the focus as a natural healthy diet. 
According to our knowledge, no study has been conducted 
in humans to investigate the medicinal benefits of (S. 
muticum) with antioxidant, anti-inflammatory, 
hepatoprotective, anticancer and cholesterol-lowering 
effects until now. 

Findings of in vitro studies indicated that Sargassum sp. 
had biological functions of the natural marine harvest, 
which included anti-tumor, antioxidant, anti-bacterial, 
anti-fungal, anti-inflammatory, and anti-viral activities 
[3,4]. Recently, cardiovascular disease, malignancy and 
other chronic illnesses are the most frequent cause of 
death. They all share a multifactorial origin and are caused 
by complex interactions between genetic predisposition 
and personal life style [5]. It seems important to rectify a 
poorly-balanced nutritional condition of dietary habits to 
prevent life-style related diseases, such as metabolic 
syndrome. More recently, food industry, agricultural 
community and now the consumers have all shown a 
growing interest in the field of functional foods. Brown 
algae is a rich source of structurally-novel and biologically 
active metabolites [6]. Primary or secondary metabolites 
produced by brown algae may potentially be bioactive 
compounds of interest in food and nutraceutical industries. 
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Researchers are focusing on many functional ingredients 
in foods which may be useful for the prevention and 
treatment of life-style-related diseases. Among them, 
brown algae are such ingredient. Polyphenols have 
emerged as one major category of natural products 
important to human health. Increasing scientific evidence 
shows that polyphenols are a good antioxidant and 
effective in preventing cardiovascular and inflammatory 
diseases. They may also be used as a chemo-preventative 
agent for cancer [7]. Phlorotannins (brown-algal 
polyphenols), a subgroup of tannins, are the least studied 
group of tannins and are found only in brown algae. They 
are produced entirely by polymerization of phloroglucinol 
[8,9]. Moreover, brown algae have been recognized as 
potential sources of these compounds [10]. Many studies 
have investigated brown algae, such as Undaria 
pinnatifida (Wakame), Hijikia fusiformis (Hijiki), 
Laminaria japonica (Ma-Kombu), and Sargassum 
fulvellum [11,12]. However, the data on S. muticum, 
except in anti-inflammatory properties, [13,14] are to our 
knowledge not available. Until now, no studies have been 
performed in humans to determine the medicinal benefits 
of S. muticum including antioxidant, anti-inflammatory, 
hepatoprotective, antitumor, and cholesterol-lowering 
effects. Thus, this randomized clinical trial enrolling 
healthy volunteers was conducted to evaluate the effects 
of S. muticum supplementation.  

The aim of this study was to investigate whether 
moderate intake of S. muticum could exert beneficial 
effects on human health. Volunteer subjects were mostly 
nurses having a known stressful occupation. They were 
asked to consume dried encapsulated S. muticum daily for 
4 weeks. Then, analysis was made on several parameters 
which included lipid profile, stress hormone level, fatigue 
status, liver functions and lymphocyte subpopulation level. 

2. Materials and Methods 

2.1. Participants 
This study enrolled 51 healthy volunteers from a 

hospital in Jeju Island, who satisfied the inclusion criteria. 
The inclusion criteria comprised: 1) men and women ages 
from 20 to 55 years, 2) having no known chronic diseases, 
3) who are not currently using any medication, and 4) 
have no known allergy or hypersensitivity to any food or 
material. The characteristics of 51 voluntary subjects 
enrolled in the study are listed in Table 1. 

The participants were informed of the purpose and risks 
of the study, and a written informed consent was obtained 
from each participant. The study protocol was approved 
by the Institutional Review Board of the Hospital District 
of Jeju (Jeju City, Jeju Province), prior to the initiation of 
the study.  

2.2. Procedure 
The freeze-dried S. muticum was identified, powdered 

and encapsulated for easy consumption before these 
products were donated by the Jeju Biodiversity Research 
Institute(Jeju Biodiversity Research Institute, Seogwipo 
City, Jeju, South Korea). Each capsule contained 2.4 
grams of powered S. muticum and all participants were 
instructed to take two of these capsules a day.  

During the study period of four weeks, all participants 
maintained their usual dietary habits and no additional 
dietary supplements were allowed throughout the study. 
The body weight and height of all participants were 
measured and the body mass index (BMI) was calculated 
as the body weight (kg) divided by the square of his or her 
height (m2). 

2.3. Blood Collection and Analysis 
The fasting blood was collected at their screening visit 

(baseline) between 7 and 8 o’clock in the morning and at 
their final visit at the end of four weeks of this study. The 
blood samples (10 mL) were analyzed by separating the 
whole blood for lymphocytes and pyruvate; the plasma for 
oxidized LDL (ox-LDL), total antioxidant status (TAS), 
and lactate; the serum for lipid, aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), lactate 
dehydrogenase (LDH), and cortisol. The whole blood in 
8% perchloric acid for pyruvate, the plasma in NaF tube 
for lactate, the serum in the SST tubes for AST, ALT, 
LDH, and the lipid profiles were sent to the Green Cross 
Reference Lab. for blood analyses. The plasma 
concentrations of ox-LDL and serum TAS were measured 
in duplicates with ELISA kits (Cell Biolabs Inc, USA) 
according to the manufacturer’s protocol (STA-388 and 
STA-360, respectively).  

The flow cytometry analysis for lymphocyte subsets 
were carried out with the whole blood, which had been 
collected by using the EDTA vacutainer tubes on a FACS 
caliber Flow Cytometer (Becton Dickinson, USA). A 
single-platform assay using a lyse/no-wash procedure was 
performed with the Becton Dickinson (BD) tubes using 
the two-color direct immunofluorescence reagent kit (BD 
Simultest TM IMK Lymphocyte). The stained blood 
samples were lysed with a diluted lysing solution, and 
special care was taken not to expose the stained samples to 
light. CD3+ T cells, CD3+, CD4+ T helper cells, and CD3+, 
CD8+ T cytotoxic cells were identified according to 
published protocols. The B cells and natural killer (NK) 
cells were also identified by the protocols.  

2.4. Statistical Analysis 
Microsoft Excel 2010 (Microsoft, Redmond, 

Washington, USA) was used for data entry, validation, 
and restructuring, as well as for calculating changes in 
variables over time, reorganizing/reformatting results and 
graphical preparation. The SPSS Base System ver. 19 
(IBM SPSS, Chicago, IL, USA) was used for the 
comparisons of variables at the baseline (T=0) and at four 
weeks (T=28) of this study. A p-value of less than 0.05 
was considered statistically significant (two-sided test).  

3. Results 
Of these 51 subjects, 2 discontinued this study for 

personal reasons. No adverse reactions (e.g., fever, hot 
flush, nausea, vomiting or diarrhea) were observed after 
the intake of S. muticum supplementation in 49 subjects 
who completed this study. Table 1 shows the 
demographics of 49 participants. The average BMI of 
participants was 22.5 ± 3.1 with normal standard weight.  
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Table 1. General characteristics of participants (n=49) 
Variables Subjects (n=49) 
Age (mean) 33±8.7 years 
Female/Male 46/3 
BMI (kg/m2)<25 (Standard Weight) 22.5±3.1 
Abbreviation: BMI, body mass index 

The serum levels of total cholesterol (T-cho), 
triglyceride (TG), LDL, HDL cholesterol, and plasma ox-
LDL were measured before (T=0) and after (T=28) S. 
muticum intake (Table 2). 

Table 2. Effects of S. muticum supplementation on T-cho, TG, LDL, 
HDL and ox-LDL levels 
 Before After Diff† Changes (%) 
T-cho (mg/dL) 186±26 169±31 -17 -9 
TG (mg/dL) 65±32 71±28 +6 +9 
LDL (mg/dL) 101±23 94±34 -7 -7 
HDL (mg/dL) 64±10 57±10 +7 -10 
ox-LDL (μg/mL) * 6.0±1.4  5.1±1.6 -0.9 -14 
Values expressed as the mean ± standard deviation  
*Significant differences, p<0.001 
†Differences before and after treatment. 

No significant differences were found, but a decreasing 
trend in the levels of T-cho and LDL cholesterol was 
observed. The level of ox-LDL decreased 14% from 
6.0±1.4 μg/mL at the baseline to 5.1±1.6 μg/mL at four 
weeks into the study; the difference was statistically 
significant (p<0.001). A correlation between the decreased 
ox-LDL levels and increased TAS levels was found after 
the intake of S. muticum supplement. The TAS levels in 
most participants increased at 4 weeks compared to the 
baseline (Figure 1). 

 

Figure 1. Changes of total antioxidant capacity before and after S. 
muticum intake 

Table 3 shows the mean count of each absolute 
lymphocyte subset in the study population. No significant 
differences were noted except NK lymphocyte after S. 
muticum intake. However, an increasing trend in the 
absolute number of lymphocyte subsets from 4% to 9% 
was observed.  

Table 3. The effects of S. muticum supplementation on the absolute 
number of lymphocyte subset (n=49)a 
Lymphocyte subsets Before After Changes(%) 
CD19+(B lymphocyte) 249±104 271±127 +9 
CD3+ (T lymphocyte) 1551±491 1650±482 +6 
CD4+ (helper T) 840±291 869±274 +4 
CD8+ (cytotoxic T) 616±254 669±268 +9 
NK lymphocyte * 337±152 379±120 +13 
CD4+/ CD8+ 1.36 1.29 -4 
NK/ CD4+ 0.40 0.44 +8 
a Absolute counts are given in cells per microliter. 
Values are expressed as the mean ± standard deviation.  
*Significant differences, p<0.05 

As shown in Table 3, NK lymphocytes significantly 
increased after 4 weeks of S. muticum intake. The mean 
CD4+/CD8+ ratio decreased by 4% and the NK/CD4+ ratio 
increased by 8% after S. muticum intake. 

In order to investigate the mechanism underlying the 
antifatigue effect of S. muticum intake, the lactate and 
LDH concentrations were measured and analyzed for all 
participants (n=49) and 3 different lactate levels, which 
were over 10 mg/dL at the beginning (Table 4). 

Table 4. Effects of S. muticum supplementation on lactate and LDH 
concentrations 

 
 

Lactate, mg/dL LDH, U/L 

Before After % 
Change Before After % 

Change 
total 11.0±5.7 9.70±3.0 -17* 276±67 277±58 0 

11~16 15.7±6.1 10.1±3.3 -38* 285±53 272±43 -4 
17~20 20.1±6.3 11.0±3.6 -45* 300±63 266±51 -11 
over 20 30.1±2.2 11.4±1.1 -67* 338±87 254±81 -23* 

Values are expressed as the mean ± standard deviation  
*Significant differences, p<0.01 
*Significant differences, P<0.001 

After S. muticum intake, the levels of lactate and LDH 
changed from 11.0 ± 5.7 to 9.7 ± 3.0 mg/dL (p<0.01) and 
276 ± 67 to 277 ± 58U/L, respectively. There were 
significant differences in 3 different lactate level 
subgroups after the intake of S. muticum. The 3 subgroups 
(11~16, 17~20 and over 20) showed a statistically 
significant decrease by 38%, 45% and 67% after S. 
muticum intake, respectively, (each component: p<0.01). 
The LDH levels also decreased with increased lactate 
levels and showed the most significant decrease of 23 % at 
the highest level of lactate, over 20 (Figure 2). 

 

Figure 2. Changes in mean value of lactate before and after S. muticum 
intake: The lactate levels were compared with the total mean value of 
volunteers and 3 different mean values, which were 10-16, 17-20 and 
over 20 

 

Figure 3. The effect of S. muticum intake on AST an ALT levels, 
expressed as U/L ± standard deviation. * p<0.001 as compared to T0 
(paired T-test) 
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Figure 2 shows the changes in mean value of lactate 
before and after S. muticum intake. The lactate levels were 
compared with the total mean value of volunteers and 3 
different mean values, which were 10-16, 17-20 and over 
20. A significant reduction by 21% was observed in ALT 
after S. muticum intake ( p<0.001). The decline was not so 
significant like that of ALT, but the AST levels also 
decreased by 10% after S. muticum intake (Figure 3). 

4. Discussion 
Bioactive compounds, such as meroterpenoids, 

phlorotannins, fucoidans, sterols and glycolipids, have 
been identified from Sargassum spp. These compounds 
include antibacterial, antifungal, anti-viral, anti-
inflammatory, anticoagulant, antioxidant, hypoglycaemic, 
hypolipidemic, antimelanogenic, anti-bone loss, and 
hepatoprotective and neuroprotective activities; which 
suggest that the genus Sargassum is a rich source of health 
maintaining and promoting agents [15]. S. muticum, a 
species of brown algae, has been used as the “foodstuff” 
of traditional seafood soup, “Mom-guk,” in Jeju Island for 
a long time. People, who live in Jeju Island, say that 
“Mom-guk” is very healthy food, and especially good for 
liver protection.  

This present study shows that 4-week supplementation 
of powered capsule S. muticum may give beneficial 
antifatigue, antistress and hepatoprotective effects to 
healthy volunteers by enhancing total antioxidant capacity 
and decreasing lactate and LDH, as well as AST and ALT.  

Ox-LDL is one of the major causes of atherosclerosis, 
which is an inflammatory process involving soluble 
mediators, macrophages and vascular smooth muscle cells. 
Ox-LDL stimulates inflammatory signaling, trigger 
macrophages to accumulate cholesterol, and to form the 
foam cells of fatty streaks-the hallmark of early 
atherosclerotic lesions [16]. Since S. muticum intake 
showed increased TAS in most participants at 4 weeks 
compared to the baseline, it could potentially reduce the 
development of atherosclerotic lesions.  

Polyphenols, as the second metabolites in vegetables, 
fruits, and medicinal plants, are popular chemo-preventive 
compounds attributing to the antioxidants and anti-
inflammatory properties [17]. A latest report from S. 
muticum study showed that apo-9’-fucoxanthinone, 
belonging to the norisoprenoid family, effectively 
suppressed lipopolysaccharide (LPS)-induced nitric oxide 
and prostaglandin E2 production [18]. Our results also 
supported the anti-inflammatory effect of S. muticum. An 
increasing trend in absolute number of lymphocyte subsets 
from 4% to 9% with a significant increase (p<0.05) of NK 
lymphocyte by 13% was observed from the participants 
after the 4-week of S. muticum intake. It also altered the 
balance of CD4+/ CD8+ T cells by decreasing the ratio of 
CD4+ helper cells. These results can be related to the 
antioxidant and anti-fatigue effect by S. muticum intake. It 
was reported that restraint stress in mice changed the 
number of lymphocyte cells, altered antibodies production, 
and suppressed cytotoxicity of the NK and T cells. It also 
indicated that stress can impair immunocompetence via 
the oxidation process [19,20]. These results support our 
data by suggesting that the improved immunologic 
response was possibly due to the antioxidative capacity in 
the immune cells enhanced by S. muticum intake.  

A study reported that the serum lactate concentration, 
as an index that measures the fatigue status, increased two 
folds or more after having stress or extensive exercise as 
compared to that after resting [21]. The result of this study 
showed that the lactate concentration significantly 
decreased after S. muticum intake; the lactate 
concentration of all subjects decreased substantially by 
17% after S. muticum intake as compared with the 
concentration before the intake (p<0.001). 

The result of analysis conducted by dividing 
participants into three groups by lactate concentration 
(11~16, 17~20, & more than 20) showed that the group 
with a higher lactate concentration had a remarkable 
decrease in lactate concentration after S. muticum intake. 
In particular, it was suggested that S. muticum intake was 
very effective in lowering serum lactate concentration in 
the group with a high level of fatigue or in people with 
great stress. There were no differences in LDH levels 
before and after S. muticum intake for all subjects, but 
LDH levels significantly decreased as much as 23% in the 
group with high lactate concentration. Repeated acute 
stress applied to mice in a stress experiment increased 
activities of enzymes such as serum AST, ALT and LDH. 
Similarly, there were reports asserting that exposure to 
atmospheric pollutants also distinctively increased these 
enzymatic activities [22,23]. Thus, this study showed 
decreased levels of ALT and AST by 21% and 10%, 
respectively, after S. muticum intake; such resultant 
decrease in enzymatic levels, especially of hepato-specific 
ALT, found in this study suggest that S. muticum has a 
liverprotective function. A significant reduction by 21% 
was observed in ALT after S. muticum intake ( p<0.001). 
The decline was not so significant like that of ALT, but 
the AST levels also The heading of the Acknowledgment 
section and the References section must not be numbered. 

5. Conclusions 
Intake of S. muticum as a traditional foodstuff offsets 

the levels of biomarkers of stress and fatigue which 
suggest it has anti-stress and anti-fatigue effects. 
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