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Abstract 

Noncommunicable diseases (NCD), such as cardiovascular diseases (CVD), are responsible for 

the majority of annual deaths worldwide. Dyslipidemia, hypertension, diabetes, and obesity, 

among others, can enhance the onset of metabolic syndrome (MetS). The integration of 

natural products in the diet, such as marine macroalgae or hydrocolloids extracted from them, 

has been extensively studied. The application of these substances in the prevention of 

pathologies is expanding due to the high content of bioactive compounds and as dietary fiber, 
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constituting an excellent source of organic components to produce functional foods. The 

objective of this review will be to compile the effectiveness of algal polysaccharides, 

specifically agar, alginates and carrageenan, in the prevention of CVD, focusing on its action 

on the pathophysiology underlying this group of diseases, as well as exploring the various 

human and animal studies available. Additionally, we emphasize the benefits of dietary fiber 

consumption and the mechanisms of its action throughout the gastrointestinal tract. The 

present work will also present information about the benefits of consuming macroalgae in 

regulating intestinal health and its general relationship with CVD. 
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1. Introduction 

Noncommunicable diseases (NCD), which include cancer, autoimmune conditions, 

cardiovascular diseases (CVD), and diabetes, among others, are a group of chronic diseases 

responsible for 74% of yearly deaths worldwide [1]. Among these, CVD is the most prevalent globally, 

surpassing deaths by malignant neoplasms and respiratory disease. Stroke and heart attack account 

for 85% of cases [1, 2]. Dyslipidemia and related conditions are the leading causes of CVD.  

Natural products such as marine macroalgae, with numerous bioactive compounds, such as 

hydrocolloids (e.g., carrageenan, agar, alginates), are becoming increasingly appealing for the 

treatment and prevention of disease due to the attenuated adverse reactions, lower cost, and 

higher accessibility in comparison to currently available therapeutics [3, 4]. Consequences of a 

demanding modern lifestyle have led to the development of habits such as smoking, alcohol 

consumption, sedentarism and poor nutrition, which in turn have increased the prevalence of 

alterations in the lipid profile, blood pressure, and glucose homeostasis, often leading to obesity, 

metabolic syndrome (MetS), and diabetes mellitus [5, 6]. These risk factors are, more often than 

not, correlated.  

Diet is a highly adaptable factor that has been proven to affect people independently of their age, 

sex, and their countries’ sociodemographic development. Thus, reducing the consumption of foods 

that are processed and rich in saturated fat and having the habit of consuming foods considered 

functional is recommended [7-9]. Correlating direct consumption of macroalgae or compounds, 

supplements, or extracts such as hydrocolloids to attenuating modern lifestyle health consequences 

has been a target of interest. 

Phycocolloids are high molecular weight hydrophilic sulfated (Galatans) and non-sulfated 

polysaccharides widely used in the food and pharmaceutical industries due to their gelling and 

thickening properties for the production of desserts, dressings, dairy and hygiene/cosmetics 

products, drug delivery aid and several biomedical applications [10, 11]. These hydrocolloids are 

structural constitutes of red (Rhodophyta), brown (Ochrophyta, Phaeophyceae) and green 

(Chlorophyta) algae cell walls and are some of the most widely explored seaweed components 

among vitamins, omega-3 fatty acids, minerals, iodine, peptides and, with particular interest, 
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dietary fibers [12]. Consequently, many therapeutic properties, such as anti-tumoral, hypolipidemic, 

anti-thrombotic, hypoglycemic, and immunomodulatory, have placed marine algae within the 

functional food concept, offering a possibility for quality-of-life improvement [13].  

The possibility that the intestinal microbiota may have a role in the occurrence and progression 

of CVD has come to light more recently. The gut microbiota can metabolize polysaccharides from 

macroalgae into short-chain fatty acids (SCFA), which are highly related to lipid and glucose 

metabolism [14, 15].  

Dietary fibers encompass a diverse group of plant-derived carbohydrates that resist digestion in 

the human small intestine. Instead, they undergo partial or complete fermentation in the colon by 

gut microbiota. This process yields short-chain fatty acids and other metabolites, converting various 

health benefits. Agar, alginates, and carrageenans (hydrocolloids), derived from seaweed, exhibit 

characteristics that align with the definition of dietary fibers. These polysaccharides possess 

complex structures that resist enzymatic breakdown, allowing them to pass through the digestive 

system intact. Once in the colon, they serve as substrates for fermentation, promoting a healthy gut 

microbiome and producing beneficial metabolites. 

Additionally, they have been associated with various health advantages, including cholesterol 

reduction, satiety promotion, and blood sugar regulation. Their capacity to support gastrointestinal 

health by enhancing regularity and preventing constipation further solidifies their classification as 

valuable dietary fibers. Overall, the unique properties of agar, alginates, and carrageenans make 

them important components of a fiber-rich diet [16]. 

This review's goal is to give some insight into the role of dietary fiber in CVD prevention, mainly 

focusing on the potential of seaweed polysaccharides, such as agar, alginates, and carrageenan, 

through the compilation of existing research on the subject.  

2. Diet for Disease Prevention 

The prevention of NCD depends heavily on maintaining a balanced diet. Proper nutrition 

supports healthy digestion, aids in weight management, regulates blood pressure and cholesterol 

levels, and improves digestive health and immune function. In addition, it lowers the risk of obesity 

and other NCD such as heart disease, stroke, diabetes mellitus, and several malignancies. According 

to WHO, these comprise 82% of all deaths [1]. 

For example, the Mediterranean Diet has shown to be effective in decreasing metabolic 

alteration manifestations and was found to be inversely associated with CVD risk factors in 

randomized extensive cohort studies in Spain, such as the PREDIMED [7]. Similarly, Japan 

Collaborative Cohort for Evaluation of Cancer Risk (JACC) and Japan Public Health Center-based 

Prospective (JPHC) studies have connected lower risk and mortality from CVD to the consumption 

of foods such as seaweed, typical in the Japanese diet [8, 9]. 

According to The Food and Agriculture Organization of the United Nations (FAO) [17], although 

several definitions of functional foods have been put out, none are universally agreed upon. Even 

so, it is generally accepted that for an aliment to be considered an available food, it should abound 

in bioactive or functional substances that may be able to perform physiological functions beyond 

meeting dietary needs for essential nutrients, such as promoting overall health or even lowering the 

chance of developing chronic diseases [17]. Recently, a new definition of functional foods has been 

proposed to clarify which foods have the potential to be included in this concept, stating that they 
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must contain a safe concentration of these active substances but are high enough to deliver the 

desired result [17]. 

Dietary fiber is one of the examples of said bioactive ingredients since, according to EU regulation 

1169/2011 [18], it is organically present in the food consumed and demonstrates a positive 

physiological benefit broadly recognized by scientific data. Various prospective cohort studies have 

presented A wealth of evidence, including the European Prospective Investigation into Cancer and 

Nutrition-Heart study (EPIC-Heart). This study demonstrated a 15% lower risk of ischemic heart 

disease associated with the daily intake of fiber from fruits, cereals, and vegetables [19]. The study 

lasted 11.5 years, and participants from 10 European countries were involved. The dietary 

assessment was based on food consumption and lifestyle questionnaires, and a 24 h diet recall 

method was used to compare the obtained data [19] better. 

In a broader view, soluble and insoluble dietary fiber is connected to intestinal wellbeing, 

whether by regulation of intestinal tract movements or by attenuation of gut dysbiosis [20, 21]. In 

contrast, soluble fiber has been shown to regulate lipidic and glycemic levels in the blood, a valuable 

property in aiding health conditions like MetS [22-24]. These differences can be explained by 

analyzing their behavior when in contact with water since soluble fibers usually form gels, while 

insoluble fibers tend to incorporate said water [10, 25]. 

Through the compilation of studies and surveys conducted in several countries around the globe, 

Stephen et al. (2017) concluded that the total fiber intake didn’t reach the recommended values, 

with average information of 16-24 g/day in Europe and even less in North America (17 g on average) 

[26]. According to national nutrition surveys, the countries with the highest total fiber intakes in 

Europe were Germany, Hungary, and Poland (ranging from 23 to 24 g/day). This is especially 

concerning since the Scientific Advisory Committee of Nutrition (SACN) stated that the daily 

reference value for adults should be 30 g [27]. 

3. Dietary Fiber from Seaweed and Its Benefits 

In South Asian countries, seaweed consumption dates to before the 10th Century, and to this day, 

Japan remains one of the countries with the highest amount of seaweed incorporated into the diet, 

with up to 9.9 g per day [16, 28]. The Japan Collaborative Cohort Study (JACC study) stated that, on 

average, the Japanese population consumes seaweed three to four times a week [8, 29]. As opposed 

to that, seaweed intake is not as relevant in European countries as these mostly follow a Western 

dietary pattern. Coincidentally or not, the incidence of NCD, such as cardiovascular diseases and 

cancer in Westernized countries where diets mainly consist of quick-preparation meals high in 

sugars and salt, saturated fats, and processed meats, has been proven to be much higher in many 

epidemiological studies [30-32]. 

Besides nutrients, macroalgae contain various components that exhibit valuable biological 

properties that could benefit human health if used as ingredients to produce functional foods. These 

include polysaccharides, constituting a significant percentage of dietary fiber composition and the 

largest group of carbohydrates [33]. According to the European Food Safety Authority (EFSA), the 

definition of dietary fiber comprises non-digestible carbohydrates as non-starch polysaccharides, 

which include hydrocolloids [34]. 

Seaweed dietary fiber content is much higher than in vegetables, and even though seaweed 

nutritional composition varies according to environmental factors such as light availability, water 
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temperature, and geographic localization when compared to vegetables, they are easier to cultivate 

since their growth in the wild is relatively abundant and environmentally friendly [35, 36]. The 

overall carbohydrate composition of seaweeds can be estimated to be between 20 and 76%, much 

higher than the percentages of most other constituents [37, 38]. Matanjun et al. (2009) determined 

that selected algae belonging to the three main species (Rhodophyta, Chlorophyta, and 

Phaeophyceae) presented an approximate content of fiber between 25 and 39%, considerably 

higher than the content of other components. Kappaphycopsis cottonii (formerly Eucheuma cottonii) 

(Rhodophyta), the main source of carrageenan for industrial purposes [39], had a percentage of 

18.25% of soluble fiber [40]. On top of that, it is also a great source of insoluble fiber, as its content 

after extraction can be up to 90% [39]. Likewise, Ascophyllum (Ochrophyta, Phaeophyceae), a 

significant source of alginate in Europe [41], has a substantial percentage of polysaccharides [37].  

Due to their ability to thicken and gel when in contact with water, these polysaccharides or 

hydrocolloids (high molecular weight hydrophilic polysaccharides that can be sulfated or non-

sulfated) are utilized extensively in the food, cosmetics and pharmaceutical industries in Western 

European countries [10, 11]. Particularly in the food industry, they mainly provide textural 

functionality, stability, or emulsification qualities [42] for producing syrups, dressings, desserts, and 

confect meat and deep-fried products [43]. 

From this perspective, incorporating dietary fiber in the diet by adding seaweed extracts into 

commonly consumed foods in westernized countries, such as dairy products, syrups, bread, and 

meats, emerges as a promising area of research. This approach can potentially mitigate risk factors 

associated with cardiovascular diseases and enhance overall quality of life. 

3.1 Phycocolloids Most Used in Food  

The expanding awareness of the modifiable risk factors for NCD and the consciousness of their 

connection with the food we consume has increased the interest in including seaweed in the diet 

worldwide. Attributing the label of “superfoods” to foods and beverages containing seaweed 

deriving ingredients in their matrixes to improve their overall composition by also attempting to 

diminish the concentration of less desired compounds such as fat and salt to produce low-calorie 

foods [44] has become increasingly popular [45]. It is well known that due to the richness in specific 

proteins, pigments, polyunsaturated fatty acids, polyphenols, and polysaccharides that differ from 

those usually exploited for food production, marine algae exhibit a plethora of beneficial effects 

such as hypocholesterolemic, hypoglycemic, anticoagulant, antitumoral, among others [12, 46-48]. 

A recent study that sought to shed light on the scope of commercial algae use found that 5720 

new products were released in Europe out of thirteen thousand released globally. Foods made up 

most items with algal extracts or biomass, while beverages comprised 21% [45]. Most of these foods 

were dairy products and desserts. Since the hydrocolloid properties of seaweed make them ideal 

for producing jellies, their consumption as a desserts has already been studied and showed 

promising results in attenuating dyslipidemia [47]. 

As mentioned, colloids from algae, or phycocolloids, can benefit their dietary fiber properties. 

Among them, carrageenan (E 407) and agar (E 406), extracted from red seaweeds (phylum 

Rhodophyta), alginic acid and alginates (E 400-E 405), extracted from brow seaweeds (class 

Phaeophyceae) [35], have a high popularity in the industry. The Food and Drug Administration (FDA) 

officially recognizes these food additives as safe for human consumption based on their extraction 



Recent Progress in Nutrition 2023; 3(4), doi:10.21926/rpn.2304024 
 

Page 6/23 

method and molecular structure [49-52]. It is essential to point out that depending on the methods 

used for extraction, the purity and yield may vary, as do their molecular structures and gelling 

properties, based on the growth environment, molecular make-up, and composition of the reagents. 

For this reason, regulations regarding their extraction must be followed strictly, especially for their 

use in the food industry [53].  

Alginate is a non-sulfated linear polysaccharide made up of two saccharide units that are 

organized in sequences of -D-mannuronic acid (M) and -L-guluronic acid (G) [54]. It has ion-

exchanging properties and is most commonly used to produce juices, syrups, dessert fillings and 

sauces [11, 53]. The three commercially extracted types of carrageenan are kappa carrageenan (κ-

carrageenan), iota carrageenan (ι-carrageenan) and lambda carrageenan (λ-carrageenan), classified 

based mainly on chemical structure and properties, which determine their solubility [42]. These 

linear sulfated galactans are made of repeated units of disaccharides [53]. Carrageenan is 

distinctively used to enhance the texture of dairy products by stabilizing and binding to milk proteins. 

Both alginate and carrageenan are used to replace fat and improve food quality [55].  

The main distinction between the composition of agar and carrageenan is the absence of sulfate 

ester in the first. In its composition, agaropectin is responsible for the viscous properties, while 

agarose provides gelling ability. The first contains more anionic groups and is essentially removed 

during industrial processing. Agar mainly forms a rigid gel in contact with water, which helps 

produce candy and canned meats [11, 53].  

4. Cardiovascular Diseases and Underlying Conditions 

According to Heart Disease and Stroke statistics, 19 million people died of CVD worldwide in 2020, 

18.7% more than in 2010 [2]. In the United States, 874,613 deaths by CVD occurred in 2019, with 

an increase to 928,741 in the following year. This heterogeneous group of diseases of the heart and 

circulatory system, which include coronary heart disease, cerebrovascular disease, rheumatic heart 

disease, and other conditions [1], has an assortment of risk factors that can range from non-

modifiable, such as age, sex, and genetics to modifiable such as those provoked by a primarily 

modern sedentary lifestyle. These comprise alcohol and tobacco consumption, an inadequate diet 

rich in saturated fats, and physical inactivity, which in turn can lead to changes in the lipid profile 

and conditions deeply related to CVD progression, like high blood pressure, obesity, and diabetes. 

Since most risk factors are intertwined, they are commonly called Metabolic Syndrome (MetS). 

Dyslipidemia, caused by alterations in lipid metabolism, is a significant risk factor for the emergence 

of underlying CVD risk factors [56]. One characteristic is elevated serum levels of low-density 

lipoproteins cholesterol (LDL-C) [24, 56]. It is estimated that high levels of LDL-C gave rise to 4.51 

million deaths in 2020 [2]. These molecules are directly correlated with the pathogenesis of 

atherosclerosis, which is the leading cause of cardiovascular-related death worldwide [6, 57]. 

4.1 Metabolic Syndrome 

MetS gathers complicated symptoms, including obesity, insulin resistance, diabetes mellitus, and 

cardiovascular complications. The pathogenesis of metabolic syndrome involves a multitude of 

factors. It has not been fully understood, but it is well known that these factors are deeply linked 

both with each other and with the onset and progression of CVD.  
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One of the early triggers of MetS is the increase in visceral adiposity. This increase can ultimately 

lead to the onset of obesity and contribute to dysfunctionality within adipose tissue, releasing free 

fatty acids (FFA) and reactive oxygen species (ROS) [58, 59]. Once cellular function is affected, insulin 

sensitivity and glucose uptake decrease, leading to insulin resistance and hyperglycemia. 

Triglycerides (TG) are mobilized from adipocytes through lipolysis enabled by insulin resistance. This 

increases the concentration of FFA in the blood. FFA produces very low-density lipoprotein 

cholesterol (VLDL-C), which allows the production of small, dense low-density lipoprotein [41, 59]. 

Due to their size and composition, these are quickly deposited within the arterial walls, presenting 

a higher risk for atherosclerosis. Low-density lipoprotein cholesterol (LDL-C) can be modified by ROS, 

causing oxidation, enabling inflammation, and exacerbating the pro-oxidative state within the 

vascular lining. Low high-density lipoprotein cholesterol (HDL-C) levels due to triglyceride 

enrichment and subsequent removal from circulation are also potent risk factors for heart disease 

due to the decrease of their antioxidant and anti-inflammatory protective properties [56]. 

From this viewpoint, obesity can lead to MetS causative factors such as dyslipidemia, and in turn, 

dyslipidemia can be preceded by insulin resistance. The overall combination of these effects may 

result in atherosclerotic events. As early as 1961, several risk factors for coronary heart disease were 

described, among them hypercholesterolemia [60]. Today, it is well known that a plasma cholesterol 

level above 150 mg/dL is undoubtedly associated with the development of this disease [57]. Since 

visceral adiposity plays a crucial role in the pathophysiology of MetS, waist circumference and body 

mass index measurements are fundamental for risk evaluation [58].  

4.2 Hypertension  

In 10 years, the deaths resulting from high blood pressure increased by 65.3% [2], indicating that 

hypertension plays a significant role in the CVD pathophysiology. It is diagnosed when systolic blood 

pressure is above 140 mm Hg and diastolic blood pressure is above 90 mm Hg [2]. Even though 

hypertension can be an independent risk factor for CVD, endothelial dysfunction at the basis of this 

condition can arise as a consequence of dyslipidemia [57]. Primarily, hypertensive activity from 

seaweeds is based on inhibiting the angiotensin-converting enzyme, preventing the conversion of 

angiotensin I to angiotensin II, an active vasoconstrictor. These abilities are mostly related to the 

biological activities of seaweed compounds such as phlorotannins and extracted peptides [61, 62]. 

According to evidence, Peptides, which have also been proven to reduce plasma and hepatic 

cholesterol and glucose levels, are the most extensively researched natural substances for this 

matter [37]. Seaweed polysaccharides are not highlighted when it comes to hypotensive effects. 

Nevertheless, alginate has been implicated in lowering blood pressure by binding to sodium in the 

gastrointestinal tract [63]. 

5. Dietary Fiber from Macroalgae – Mechanisms of Action 

The search for alternative therapeutics for controlling blood cholesterol and glycemia is gaining 

popularity and relevance since synthetic cholesterol-lowering drugs, for example, statins or fibrates, 

like all pharmacological approaches, commonly present relevant side effects. There is immense 

evidence of the dietary supplementation of algae in the form of compounds, supplements, or 

extracts from seaweeds and their potential to overcome the challenges of traditional treatment [23, 

47].  
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Based on the EU regulation 1169/2011, dietary fiber is defined as “carbohydrate polymers with 

three or more monomeric units, which are neither digested nor absorbed in the human small 

intestine” [18]. For this reason, although the human body cannot directly benefit from it in terms of 

nourishment, it contributes to human nutrition by playing a role in some crucial processes that help 

to sustain digestive health [64]. It is well known that dietary cholesterol intake influences cholesterol 

concentration, but dietary fiber's cholesterol-lowering effects have been known for many years [65]. 

The exact mechanisms of action of dietary fiber in the gastrointestinal tract are yet to be precisely 

understood. Due to its hydrocolloid properties, it can reduce the rate at which food is digested, and 

nutrients are absorbed on top of contributing with little to no calories to the diet. By elevating 

gastric viscosity, it also provides a feeling of satiety. It may aid in postprandial glucose modulation 

[64, 66], which may lower LDL-C and TC by hampering insulin production [67]. Thus, since the 

prevention of CVD by consumption of dietary fiber lies mainly in its abilities to regulate metabolic 

dysfunction, it has excellent value given that it can intervene in what is thought to be one of the 

very first triggers for the development of MetS, the high caloric intake [58]. Besides that, its 

downstream action, namely in mediating blood cholesterol and glucose levels, has been the target 

of several studies [25, 68].  

One of the most widely accepted mechanisms involves binding soluble dietary fiber to bile salts. 

These play a crucial role in lipid metabolism. They are synthesized from cholesterol in the liver and 

kept in the gallbladder until digestion releases them into the small intestine, where they are then 

reabsorbed. By binding to fiber, their reabsorption is prevented, resulting in the de novo synthesis 

of bile salts through the utilization of TG from adipose tissue reserves [56]. On this basis, Gunness 

and Gidley (2010) proposed three hypotheses regarding the relationship between exogenous 

cholesterol absorption and bile salts. They discussed that soluble dietary fiber either creates a 

barrier between bile salt-cholesterol micelles and intestinal cells, is complexed to the micelles by 

molecular interactions, or forms a matrix that entraps them [68]. 

As mentioned above, dietary fiber might also have a role in blood glucose level stabilization, 

although not through direct contact. A similar approach was made by Goff et al. (2018), who 

outlined the current theories behind the mechanism of reduction of postprandial glycemia. Through 

the analysis of several in vivo and in vitro studies, they have established that since gastric emptying 

is correlated with feedback from the small intestine, the slower nutrient delivery rate for digestion 

might subsequently influence the glycemic levels in the blood by delaying sugar absorption. On the 

other hand, this decreased absorption might be achieved by downregulating glucose transporters 

in the cell. This feedback, mediated mainly through hormone release, namely insulin and glucagon, 

is vital for maintaining energy homeostasis [25]. 

Although most of the effects of dietary fiber in the studies discussed above are due to fiber not 

derived from seaweed, several studies using algae have produced comparable results, which makes 

us assume they are equally effective. A selected compilation of these studies is reviewed in the next 

chapter. 

5.1 Polysaccharides from Macroalgae for the Prevention of Cardiovascular Disease 

A selection of representative studies was conducted to evaluate the effectiveness of adding 

carrageenan, alginate, and agar to the diet of humans and rodents on metabolic risk factors 

associated with CVD, such as appetite, glycemia, body weight, blood pressure, and lipid profile. 
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Based on this, studies where no more than one seaweed polysaccharide or other dietary fiber was 

used, and any of the three mentioned above were excluded to eliminate interferences. Studies 

where whole algae was used were also excluded for the same reason. In general, few studies have 

been conducted on this topic, neither in humans nor rodents. We have compiled the results from 

these studies in Table 1.  

Table 1 Selection of studies carried out in animal and human models. 

Polysaccharide Model Period Quantity Mode Effects References 

Carrageenan 

Wistar rats 30 days 

1% CC 

 

1% LC 

 

3% LC 

diet 

↔FG; ↓PG; ↓BW; ↓TC; 

↓TG; ↓LDL-C; ↑HDL-C 

↔FG; ↓PG; ↓BW; ↓TC; 

↓TG; ↓LDL-C; ↑HDL-C 

↔FG; ↓PG; ↓BW; ↓TC; 

↓TG; ↓LDL-C; ↑HDL-C 

Qiu, 2018 

[46] 

Male 

C57BL/6J 

mice 

16 

weeks 

5% K. alvarezii 

 

5% k-CGN 

 

5% SCCGN 

diet 

↓BG; ↓BW; ↓BF; ↓TC; 

↓TG; ↓LDL-C; ↑HDL-C; 

↓BG; ↓BW; ↓BF; ↓TC; 

↓TG; ↓LDL-C; ↑HDL-C;  

↓BG; ↓BW; ↓BF; ↓TC; 

↓TG; ↓LDL-C; ↑HDL-C;  

Chin, 2019 

[69] 

healthy 

volunteers 

30 days 

 

60 days 

100 mL/day 

commercial 

vegetable 

jelly 

↓TC; ↑TG; ↓LDL-C;  

↓HDL-C  

↓TC; ↑TG; ↓LDL-C; 

↓HDL-C  

Valado, 

2020 [47] 

hospitalized 

patients 

20 

weeks 
250 g  capsules  

↔BW; ↓TC; ↑ TG; 

↓LDL-C; ↑HDL-C 

Sokolova, 

2014 [70] 

healthy 

volunteers 
8 weeks 40 g/day powder 

↔BW; ↓TC; ↓ TG  

↑LDL-C; ↑HDL-C  

Panlasigui, 

2003 [71] 

healthy 

females 

4 weeks 

(2.10 h) 
2.5 g milk ↓A; ↓PG 

Arshad, 

2016 [22] 

Alginate 

female 

Wistar rats 
28 days 1% diet 

↓SBP; ↓TC; ↓TG; ↓LDL-

C; ↑HDL-C 

Ren, 1994 

[48] 

male Wistar 

rats 
1 h 

1 mL natural SA 

1 mL 10 kDa SA 

1 mL 50 kDa SA 

1 mL 100 kDa SA 

alginate 

solution 

↑CE; ↓I; ↓BG 

↔CE; ↔I; ↔BG 

↑CE; ↔I; ↓BG 

↑CE; ↓I; ↓BG 

Kimura, 

1996 [72] 

C57BL/6J 

male mice 
28 days 50 mg diet ↓BG; ↓BW; ↓TC; ↓TG 

Wang, 

2018 [73] 

healthy 

females 

4 weeks 

(2.10 h) 
2.5 g milk ↓A; ↓PG 

Arshad, 

2016 [22] 

healthy 

males 

4 weeks 

(4.20 h) 

1.25% 

2.5% 

chocolate 

milk 
↓A; ↓I; ↓PG 

Khoury, 

2014 [66] 
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overweight 

males 
4 h 1.5 g  beverage ↓PG; ↓TC; ↔TG 

Paxman, 

2008 [23] 

healthy 

males 
5.30 h 1.5 g beverage ↓PG 

Harden, 

2012 [74] 

obese 

volunteers 
2 weeks 3% powder 

↔WC; ↓Hb A1c; ↓FI;  

↓SBP; ↓BF; ↓BW; 

↔TC; ↔TG; ↔LDLC; 

↔HDL-C 

Jensen, 

2012 [75] 

Agar 

female 

Wistar rats 
28 days 1% diet 

↔SBP; ↓TC; ↓LDL-C; 

↓HDL-C 

Ren, 1994 

[48] 

Sprague-

Dawley rats 
14 days 5% diet ↔BW; ↔TC 

Kelley, 

1978 [76] 

C57BL/6J 

mice 
8 weeks 

5% AO 

 

10% AO 

diet 

↑BG; ↓BMI; ↓BW; 

↓BF; ↓TC; ↓LDL-C; 

↓HDL-C  

↑BG; ↓BMI; ↓BW; 

↓BF; ↓TC; ↓LDL-C; 

↓HDL-C 

Lee, 2022 

[77] 

obese 

patients 

12 

weeks 
180 g diet 

↓BMI; ↓BW; ↓BF; 

↓Hb A1c; ↓FI; ↓PI; ↓PG 

↓TC; ↓TG; ↑HDL-C 

Maeda, 

2005 [78] 

healthy 

male 

volunteers 

6 h 

2 h 
2.0 g 

test meal 

with 

commercial 

agar 

↓GE 

↔PG 

Sanaka, 

2007 [79] 

healthy 

volunteers 
3 h 4 g 

fruit-

flavored 

jelly 

↓GE; ↑A; ↔PG 
Clegg, 2014 

[80] 

Abbreviations: ↓: decrease; ↑: increase; ↔: no change; A: appetite; AO: agaro-

oligosaccharides; BG: blood glucose; BF: body fat; BW: body weight; CC: carrageenan; CE: 

cholesterol excretion; FG: fasting glucose; FI: fasting insulin; GE: gastric emptying; Hb A1c: 

glycated hemoglobin; HDL-C: high-density lipoprotein cholesterol; I: insulin; k-CGN: native k-

carrageenan; LC: low molecular weight carrageenan; PG: postprandial glycemia; PI: postprandial 

insulin; SA: sodium alginate; SPB: systolic blood pressure; SCCGN: sans-carrageenan fraction; TC: 

total cholesterol; TG: triglycerides; WC: waist circumference 

5.1.1 Carrageenans 

In terms of evaluating glycemic response studies using carrageenan specifically, only two studies 

in rats have been identified [46, 69]. Qiu et al. (2018) used low-molecular-weight carrageenans (1% 

LC and 3% LC) from the red seaweed Eucheuma denticulatum (Rhodophyta) (Figure 1a) on Wistar 

rats that were fed for 30 days with a high-fat diet (HFD) (3.5% cholesterol, 10% lard, 0.2% 

propylthiouracil, 0.5% sodium cholate and 5% refined sugar). The standard control group was fed 

with a powder containing 19% fats, 55%, carbohydrates, 22% proteins, 7% ash, and 5% cellulose, 



Recent Progress in Nutrition 2023; 3(4), doi:10.21926/rpn.2304024 
 

Page 11/23 

while the treated control group was administered 1 g of carrageenan (CC) per 100 g of HFD. Even 

though no statistically significant changes in the fasting glycemia levels were observed, the 

postprandial levels in all three groups had lowered significantly compared to the HFD group [46]. In 

the study by Chin et al. (2019) [69] blood glucose determination by an oral glucose tolerance test 

showed that supplementation with native κ-carrageenan and sans-carrageenan fractions from 

Kappaphycus alvarezii (Figure 1b) had favorable outcomes. Interestingly, less improvement was 

observed upon the use of the whole K. alvarezii. In this study, native κ-carrageenan extracted from 

K. alvarezii and a remaining sans-carrageenan fraction were used to compare anti-obesity 

effectiveness with whole K. alvarezii supplementation. For this purpose, C57BL/6J mice were fed a 

low-fat diet (10% kcal energy from fat) and a HFD (45% kcal energy from fat) for 10 weeks, which 

was supplemented with 5% native κ-carrageenan, 5% sans-carrageenan fraction and 5% K. alvarezii, 

after 6 weeks [69]. 

 

Figure 1 Carrageenophytes: a – Eucheuma denticulatum; b – Kappaphycus alvarezii. 

Scale = 1 cm. 

Both studies evaluated carrageenan supplementation's effects on body weight. In the first study 

[46], the 3% LC group experienced body weight reduction sooner than the other groups, but by the 

end of the study, all three (3% LC, 1% LC, and CC) showed a statistically significant difference in 

weight loss. Similarly, in the second study [69], body weight showed a more substantial reduction 

in the group supplemented with the sans-carrageenan fraction, even though a decrease in the fat 

mass was observed in the three groups. 

Carrageenan's hypolipidemic effects were also investigated in these studies. Regarding the 

research by Qiu et al., serum TC, TG, and LDL-C were significantly decreased in the 1% LC and 3% LC 

groups when compared to data from the HFD group, suggesting dose-dependency, and on the other 

hand, HDL-C levels significantly increased, while CC effects weren’t as notable [46]. The same 

tendency was seen in the study of Chin et al., where there was also a decrease in TC, TG, and LDL-
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C, although it was not significant. Statistical significance was only reached by the sans-carrageenan 

fraction effect on the elevation of HDL-C levels, even though some increase was also observed in 

the other groups [69]. 

To date, three studies were conducted on humans regarding the hypolipidemic effects of 

carrageenan. All three detected a positive effect of carrageenan on TC levels [47, 70, 71]. The most 

recent study is by Valado et al. (2020), where the daily intake of commercial vegetable jelly (100 

mL/day), for both 30 and 60 days resulted in the decrease of TC and LDL-C, the latter specifically 

significantly decreased in females. However, TG levels experienced an increase while levels of HDL-

C decreased [47]. This decrease in HDL-C wasn’t compatible with the results in the other studies. 

Sokolova et al. (2014) studied the effects of administering a supplement containing κ and λ 

carrageenans from Chondrus armatus (Rhodophyta) on the lipid profile of hospitalized patients with 

ischemic heart disease. There supplementation period lasted for 20 days, and afterwards, a 

significant decrease in TC and LDL-C concentrations was reported. Additionally, the atherogenic 

index was determined and also showed a significant decrease. Even though the levels of TG 

increased, the increase was less in the supplemented group [70]. Lastly, Panlasigui et al. (2003) used 

carrageenan in powder form added to food products as part of the diet of a group of volunteers for 

8 weeks. As a result of daily consumption of 40 g of carrageenan powder, the volunteers 

experienced an overall significant decrease in TC and TG and an increase in HDL-C [71].  

Both Sokolova et al. and Panlasigui et al. evaluated body weight by assessing participants’ body 

mass indexes but found no significant differences in the measurements before and after the 

experiments [70, 71]. 

Only one study by Arshad et al. (2016) investigated the effect of dietary polysaccharides 

carrageenan on human blood glucose. Carrageenan-supplemented milk consumption after a meal 

resulted in significantly lower postprandial glycemia. However, the overall performance of alginate-

supplemented milk was more significant [22]. 

5.1.2 Alginates 

All the research regarding the effects of alginates in humans has evaluated its outcomes in blood 

glucose regulation. One of the studies was done on female volunteers [22] and four on males [23, 

66, 74, 75], of which one was conducted on overweight males [75]. In four studies, calcium was 

added to the alginate supplement to enhance gelation [23, 66, 74, 75]. Only two of the studies 

assessed the effect of alginate on lipid metabolism [23, 75].  

The previously mentioned study by Arshad et al. evaluated the effects of milk (250 mL) 

supplemented with alginate (2.5 g) on blood glucose levels and satiety in 30 healthy females. The 

ingestion of the preload happened weekly, during four sessions, before the consumption of a pizza 

meal, and the blood glucose measurements were repeated at different times after ingestion of the 

polysaccharide-supplemented milk. The preload containing alginate showed statistically significant 

effectiveness in the suppression of appetite and feeling of fullness. Moreover, alginate and 

carrageenan reduced postprandial blood glucose levels immediately after the meal. At the end of 

the experiment, carrageenan showed the biggest decrease although alginate was able to have a 

more significant impact on cumulative concentration measurements [22]. Similar conclusions were 

made in the study conducted by Khoury et al. (2014) where chocolate milk was used as the base for 

alginate supplementation along with a pizza meal. The milk contained increasing concentrations of 
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alginate (1.25% and 2.5%) extracted from Laminaria hyperborea (Ochrophyta, Phaeophyceae), and 

its significant effects on pre and postprandial appetite, glycemia, and insulinemia were revealed to 

be dose-dependent [66]. 

Two other studies where postprandial glycemia was evaluated used the same sodium alginate-

based beverage (1.5 g alginate) [23, 74]. Paxman et al. (2008) assessed the effects of pre-prandial 

consumption of 100 mL of the beverage, followed by a meal rich in fat and carbohydrates, on blood 

glucose and cholesterol uptake in overweight males, based on their body fat measurements. A 

strategy similar to the previous studies was used, where samples were taken at different times pre- 

and post-prandial. Results revealed that volunteers with more significant body fat percentages and 

body mass indexes significantly decreased the uptake of cholesterol and peak of blood cholesterol, 

respectively, as did glucose uptake [23]. In the second study, by Harden et al. (2012) followed the 

same design on healthy males and obtained the same result regarding glycemic response [74].  

Lastly, Jensen et al. (2012) conducted a 12-week study to evaluate the consequences of an 

alginate preload (3% alginate extracted from Laminaria hyperborea and Laminaria digitata) (Figure 

2). The alginate supplement was administered as a powder mix three times a day before each main 

meal by 96 obese volunteers (intention-to-treat group). Only 80 subjects (completer population) 

completed the study. In these individuals, body weight, body fat percentage, fasting insulin, systolic 

blood pressure, and Hb A1c levels showed a significant decrease compared to the control group. 

Changes in the lipid profile, waist circumference, and fasting glucose levels weren’t identified [75].  

 

Figure 2 Alginophytes: a - Laminaria hyperborea; b - Laminaria digitata (Phaeophyceae). 

Scale = 1 cm. 

With regards to animal studies, all three [48, 72, 73] evaluated the hypolipidemic effects of 

sodium alginate. Two were conducted on Wistar rats [48, 72] and one on C57BL/6J mice [73].  

Ren et al. (1994) tested the antihypertensive and antihyperlipidemic effects of several 

polysaccharides among which alginates (1% sodium alginate from Analipus japonicus) (Ochrophyta, 
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Phaeophyceae). Female Wistar rats were fed a synthetic diet with the polysaccharide for 28 days. 

By the end of the experiment, systolic blood pressure, TC, TG, and LDL-C levels decreased compared 

to the control group that only consumed 1.5% saline solution along with the synthetic diet. 

Additionally, there was a moderate elevation of HDL-C levels. Consumption of alginate allowed a 

significant reduction of the Atherogenic Index in hypercholesterolemic rats [48]. Kimura et al. (1996) 

studied the effects of natural sodium alginate from Saccharina angustata (formerly Laminaria 

angustata) (Ochrophyta, Phaeophyceae) and low molecular weight alginates (10, 50 and 100 kDa) 

on glucose tolerance and cholesterol excretion. The male Wistar rats were fed cholesterol and 

glucose, immediately after which they were administered the alginate solutions. Results showed 

significant cholesterol excretion upon natural, 50, and 100 kDa sodium alginate administration. All 

three also inhibited the rise of blood glucose and insulin except for 50 kDa alginate, which didn’t 

impact insulin levels. Ten kDa alginate didn’t alter blood glucose or insulin levels [72]. In a most 

recent study, Wang and collaborators (2018) proved the effectiveness of sodium alginate on 

amelioration of body weight and lipid profile. C57BL/6J male mice were fed a low-fat diet in the 

control group (10% kcal fat from lard) and a HFD (45% kcal fat from lard). The latter were fed for 8 

weeks, after which supplementation with sodium alginate (50 mg/kg) was done. After 28 days, the 

ratio between food intake and body weight was significantly decreased. Sodium alginate 

successfully eased glucose intolerance provoked by HFD and accelerated its elimination. TC and TG 

levels were also reduced, although not considerably [73].  

5.1.3 Agar 

Studies using agar are even more scarce than the ones using the previous extracts. On top of that, 

most of them revealed that agar was less successful in managing metabolic parameters when 

compared to carrageenan and alginate. In fact, in the previously mentioned study [48], where 

antihypertensive and antihyperlipidemic properties of polysaccharides were assessed, agar showed 

a considerably lower success rate when compared to alginate. Agar supplementation showed no 

differences in systolic blood pressure and had the lowest capacity to reduce serum LDL-C levels. The 

reduction of TC levels was comparable to that in the control group (95%). However, HDL-C levels 

were raised moderately, as in the case of alginate. In the work of Kelley and Tsai (1978), male 

Sprague-Dawley rats were fed a cholesterol-rich diet (0.2% in hot oil) and supplemented with 5% 

agar for 14 days. The results revealed that agar had no effect on body weight and had an 

inconsistent effect on serum and liver cholesterol levels despite reducing cholesterol absorption by 

16% [76]. Lee et al. (2022) have recently studied the effects of oligosaccharides from agar on the 

regulation of obesity in C57BL/6 mice during 8 weeks of ingestion of 5 and 10% agaro-

oligosaccharides (AO) added to a HFD (60% kcal fat). As opposed to the previous studies, both 

concentrations of AO had positive effects on body weight and abdominal fat and could significantly 

reduce serum TC and LDL-C levels. Even though blood glucose and HDL-C levels experienced a slight 

increase and decrease, respectively, the outcome of AO consumption on obesity attenuation was 

significant [77]. 

In human studies, Maeda et al. (2005) incorporated commercially available agar (180 g) into a 

conventional Japanese diet to evaluate its effects when consumed by 76 obese patients with 

diabetes and impaired glucose tolerance, for 12 weeks. They consumed a diet mainly consistent of 

carbohydrates and not exceeding 300 mg of cholesterol. Body weight, body fat and BMI reduction 
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was greater in the agar group. Hb A1c and TC experienced significant decrease in the agar group 

specifically, while HDL-C, TG, and fasting insulin, and postprandial glucose differences weren’t 

important. On the other hand, postprandial insulin levels decreased more significantly in the agar 

group than in the control group [78]. On the contrary, Sanaka and colleagues (2007) didn’t find any 

improvement in the postprandial glucose levels upon intake of three meals containing 2 g of 

commercial agar by 10 healthy male volunteers. Still, agar did delay gastric emptying in these 

subjects [79]. The same effect regarding both gastric emptying and glycemic response was seen in 

a more recent study by Clegg and Shafat (2014), where 11 subjects were given fruit-flavored jelly 

with 4 g of agar and 50 g of carbohydrates [80]. Interestingly, there was an increase in appetite 

induced by agar consumption in this study, which is not usually the case in other studies where the 

effects of dietary fiber are evaluated. 

6. Dietary Fiber from Seaweed and Gut Health 

Evidence has shown that gut microbiota dysbiosis is related to obesity, diabetes, cardiovascular 

diseases, and cancer [81] since there is a tight relationship between gut and heart health. Gut health 

also depends highly on the composition of the gut microbiota, which can be regulated by intake of 

dietary fiber [15, 82].  

In the course of this review, we have already established that enzymes of the stomach and 

duodenum don’t hydrolyze fiber from seaweed. It can, however, be degraded, absorbed, and 

utilized by significant intestine microorganisms into SCFA, such as acetate, butyrate, and propionate, 

making it valuable as a prebiotic [83]. The primary source of energy in the gut is butyrate [58], and 

its main action is to regulate gene expression by stimulating free fatty acid receptors. It is implicated 

in the genetic activation of mechanisms leading to adipocyte differentiation, essential for reducing 

circulating lipids. As a result, butyrate has been shown to efficiently prevent MetS by regulating 

body weight, insulin sensitivity, glycemia, lipid profile, and other factors, as it is also implicated in 

dietary cholesterol uptake [84]. Similar properties are observed for acetate and propionate.  

The degradation of polysaccharides from seaweed is possible due to the specific enzymes, such 

as glycoside hydrolase and polysaccharide lyase, encoded by genes present in these microbes. The 

resulting metabolites can then be utilized either through absorption by metabolically active tissues 

by binding to G-protein coupled receptors or through the ingestion by other microorganisms, 

contributing to maintaining a healthy microflora as well as appetite regulation and glucose and lipid 

homeostasis [81, 83]. 

Lactobacillus and Bifidobacteria are some of the gut microbes responsible for its health. Their 

increase has been shown after supplementation with carrageenan extracts and other sulfated 

polysaccharides from macroalgae [14]. Moreover, κ-carrageenan has been shown to restore the 

ratio of Firmicutes to Bacteroidetes, which disruption is associated with gut inflammation and is 

commonly observed in obesity. κ-carrageenan also improved SCFA levels, particularly butyrate, in 

mice fed an HFD [69], which is known to induce the disruption of intestinal integrity [15]. The same 

effect was observed with the ingestion of sodium alginate, and, on top of that, acetate 

concentration was also increased [73].  

Gut dysbiosis can also be a risk factor for the development of hypertension, mainly through its 

pathophysiological association with atherosclerosis since it can induce inflammation by promoting 

the expression of pro-inflammatory cytokines. The decrease in beneficial bacteria resulting in the 
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generation of toxins like bacterial lipopolysaccharides is a significant contributing factor to this 

inflammation. The resulting vascular oxidative stress, with increased oxidation of LDL, may affect 

vasoconstriction and vasodilation, overthrowing the balance that prevents hypertension [15, 85]. 

Although the research of metabolic regulation through the modulation of the gut microbiota is 

becoming a popular and quite promising approach, the lack of uniformization of methodologies, 

specifically regarding human trials, poses an obstacle to obtaining a broader understanding of this 

topic. 

7. Beneficial Activities of Other Algal Compounds 

Various seaweed polyphenolic compounds, such as flavonoids and phlorotannins, play a crucial 

role in mitigating oxidative stress and inflammation, both of which are significant contributing 

factors to the development of cardiovascular diseases [86]. Flavonoids are a diverse group of 

naturally occurring plant compounds known for their potent antioxidant properties. These 

compounds are particularly abundant in seaweeds, offering a formidable defense against harmful 

free radicals that can damage cells and tissues within the body. By scavenging these free radicals, 

flavonoids help prevent cellular oxidative stress, a pivotal mechanism underlying the progression of 

cardiovascular diseases [87]. 

Phlorotannins, on the other hand, are unique polyphenolic compounds exclusive to seaweeds. 

They possess an impressive array of bioactive properties, including antioxidant, anti-inflammatory, 

and anti-coagulant effects. These compounds are renowned for neutralizing reactive oxygen species 

(ROS) and inhibiting inflammatory pathways, thereby reducing the risk of chronic inflammation, a 

key driver of atherosclerosis and other cardiovascular conditions [88]. Moreover, phlorotannins 

have been shown to enhance endothelial function, promoting healthy blood vessel dilation and 

maintaining proper blood flow, further safeguarding against the onset of cardiovascular diseases 

[89]. 

The synergistic action of flavonoids and phlorotannins found in seaweed provides a multifaceted 

defense against cardiovascular diseases [90]. These compounds work in tandem to bolster the 

body's natural defense mechanisms, fortifying cells and tissues against the harmful effects of 

oxidative stress and inflammation [91]. Additionally, consuming seaweed as part of a balanced diet 

has been associated with improved lipid profiles, reduced blood pressure, and enhanced vascular 

health. Incorporating seaweed into one's dietary regimen can thus be a prudent strategy for 

promoting cardiovascular well-being and mitigating the risk of heart-related ailments. As research 

in this area continues to unfold, harnessing the potential of seaweed polyphenolic compounds may 

hold great promise in preventing and managing cardiovascular diseases [92]. 

Certain seaweeds are natural reservoirs of crucial minerals, notably magnesium and potassium, 

paramount for optimal heart health. Potassium, a mineral abundantly found in seaweeds like Kelp 

(Laminaria and Saccharina), and Dulse (Palmaria palmata), is pivotal in regulating blood pressure 

levels. Its presence aids in counterbalancing the effects of sodium, helping to prevent 

hypertension—a major risk factor for cardiovascular diseases. Meanwhile, magnesium, another 

vital mineral prevalent in seaweeds, is crucial in sustaining a regular heart rhythm [93]. This mineral 

supports the electrical impulses that coordinate the heart's contractions, ensuring a steady and 

harmonious beat. Thus, the inclusion of seaweed in one's diet can serve as a natural means of 
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fortifying the body with these essential minerals, ultimately contributing to a healthy and resilient 

cardiovascular system [94]. 

Certain algal species include Ulva lactuca (Chlorophyta) and Porphyra spp. (Rhodophyta), boast 

a noteworthy attribute—they are rich sources of Omega-3 fatty acids, including eicosapentaenoic 

acid (EPA), renowned for their potent cardioprotective effects. EPA, a long-chain polyunsaturated 

fatty acid, has garnered recognition for supporting heart health by reducing inflammation, lowering 

triglyceride levels, and improving overall lipid profiles [95]. Found abundantly in algae such as Kelp 

and the green microalga Chlorella vulgaris, EPA offers a valuable alternative to traditional marine 

sources like fish for individuals seeking to enhance their cardiovascular well-being. Embracing these 

algal-derived omega-3 fatty acids as part of a balanced diet can play a pivotal role in safeguarding 

against cardiovascular diseases, underscoring the remarkable potential of algae as a nutritional 

powerhouse [96]. 

Specific compounds found in seaweed, such as fucoidan and carrageenan, exhibit remarkable 

potential in promoting cardiovascular health. These sulfated polysaccharides not only play a role in 

lowering total cholesterol levels, but they also possess anti-coagulant properties, potentially 

reducing the risk of blood clot formation and related cardiovascular events [97]. This dual action 

underscores the valuable contribution of seaweed-derived compounds like fucoidan and 

carrageenan in maintaining optimal cardiovascular function. However, it is crucial to emphasize that 

ongoing research highlights the importance of considering various factors. The specific health 

effects can vary depending on the type of seaweed, its preparation, and the individual's overall diet 

and health status. As our understanding of these complex interactions grows, harnessing the 

benefits of seaweed compounds may emerge as a promising avenue in pursuing cardiovascular well-

being [98]. 

8. Conclusions and Future Perspectives  

As NCD prevalence continues to rise across the globe, new strategies for their prevention are 

becoming popular. Diet is a very well-known but often overlooked risk factor for CVD, the deadliest 

group of non-communicable conditions. Seaweeds are an underexplored source of compounds with 

diverse applications that have been proven to act as valuable ingredients for functional food 

production.  

While seaweed polysaccharides may have some positive health impacts, such as the ones 

mentioned in this review, further research is necessary before fully comprehending how 

cardiovascular disease pathophysiology can be affected by their addition to the diet.  

Through the analysis of the presented studies, agar, alginate, and carrageenan were shown to 

have an overall positive impact on the regulation of metabolic parameters, leading us to believe in 

their efficacy in, to some extent, CVD prevention. Nevertheless, a significant limitation to 

understanding their true impact lies in the scarcity of specific studies on this matter. On the other 

hand, the studies discussed here have limitations such as lack of homogeneity, study design, and 

volunteer compliance. For example, most of the studies done with carrageenan only evaluate its 

hypolipidemic potential, while many other factors are equally relevant, such as high blood pressure 

and hyperglycemia. On the contrary, studies using alginate mainly focus on its hypoglycemic 

potential. Lastly, specific studies on agar are generally scant, as most studies on the databases 

concentrate on assessing the potential of whole red algae for these purposes.  
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In the future, regulatory considerations, standardization of extraction and supplementation 

techniques, and extensive trials are required to establish their effectiveness, safety, and usefulness 

in the prevention and treatment of CVD. 
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