nutraceuticals m\w

Review

Bioactivity of Carrageenans in Metabolic Syndrome and
Cardiovascular Diseases

Ana Valado 1-23*%( Maria Pereira I'¥, Ménica Amaral 1, Joao Cotas 340 and Leonel Pereira

check for
updates

Citation: Valado, A.; Pereira, M.;
Amaral, M,; Cotas, J.; Pereira, L.
Bioactivity of Carrageenans in
Metabolic Syndrome and
Cardiovascular Diseases.
Nutraceuticals 2022, 2, 441-454.
https:/ /doi.org/10.3390/
nutraceuticals2040032

Academic Editors: Ronan Lordan

and Luisa Tesoriere

Received: 7 October 2022
Accepted: 28 November 2022
Published: 2 December 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

3,4

Polytechnic Institute of Coimbra, Coimbra Health School, Biomedical Laboratory Sciences, Rua 5 de
Outubro—SM Bispo, Apartado 7006, 3045-043 Coimbra, Portugal

2 Laboratory for Applied Health Research (LabinSatide), Rua 5 de Outubro—SM Bispo, Apartado 7006,
3045-043 Coimbra, Portugal

MARE (Marine and Environmental Sciences Centre), University of Coimbra, 3030-790 Coimbra, Portugal
Department of Life Sciences, Faculty of Sciences and Technology, University of Coimbra,

3000-456 Coimbra, Portugal

*  Correspondence: valado@estesc.ipc.pt

1t These authors contributed equally to this work.

Abstract: The high incidence of changes in the lipid profile in the world population is supported
by the adoption of a lifestyle with numerous risk factors. Dyslipidemia, the main alteration in
the lipid profile, is characterized by increased concentrations of total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), triglycerides (TG), and decreased concentration of high-density
lipoprotein cholesterol (HDL-C). These modifications in lipid metabolism are particularities of
metabolic syndrome (MetS) and one of the main risk factors for the development of cardiovascular
diseases (CVD), one of the main causes of death in the world. Macroalgae have a high percentage of
dietary fiber, and a low percentage of lipids. Carrageenans, long-chain polysaccharides extracted from
red macroalgae, are present in several foods, such as jelly. Chemically, they present several structures
with different applications and purposes in the cosmetic, food, and pharmaceutical industries.
The bioactive potential of carrageenans has demonstrated potential in the reduction of the levels
of parameters of the lipid profile, being able to be an alternative in the reversion of MetS and,
consequently, in the prevention and treatment of CVD. This review article aims to compile, evaluate,
and reflect on the effect of carrageenans on lipid profile markers (TC, TG, HDL-C, LDL-C), relating
them to MetS and CVD.
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1. Introduction

Technological evolution has led to efficient and qualified progress, with a strong
impact on the institutional and social environments [1], promoting a change in life and
time management. The lack of time for meals is reflected in the proliferation of fast food [2].
Professional evolution, on the other hand, favors a sedentary lifestyle. The social pressure
related to the prestige of the worker led to increased productivity but also to the detriment
of health [3]. As a result, pathologies such as alterations in the lipid profile, metabolic
syndrome (MS), and cardiovascular diseases (CVD) arise [4].

The balance of the lipid profile is sensitive to dietary and behavioral changes and
is easily modified. Lipid profile variations are characterized by the deregulation of one
or more parameters: total cholesterol (TC); high-density lipoprotein cholesterol (HDL-C);
low-density lipoprotein cholesterol (LDL-C); or triglycerides (TG). The most common
alteration is an increase in TC, called hypercholesterolemia. Two of the main factors in the
high number of variations in the lipid profile are sedentary habits and the abandonment
of healthier and nutritionally balanced diets [4-6]. About 38% of American adults have
high cholesterol (total blood cholesterol > 200 mg/dL). Too much cholesterol increases the
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risk of heart disease and stroke, two of the leading causes of death in the United States.
Based on this value, we can evaluate that 22.7% of the population has one of the main
risk factors for the development of MetS and CVD [7-9]. A sedentary lifestyle and a poor
diet favor changes in the lipid profile, the development of hypertension, weight gain and
increase in abdominal circumference, as well as insulin resistance, characteristic factors of
MetS [6]. Due to the complexity of MetS, different criteria allow its diagnosis, such as those
defined by the World Health Organization (WHO), the National Cholesterol Education
Program (NCEP), and the International Diabetes Federation (IDF). The multiplicity of
criteria makes it difficult to uniformly characterize, monitor, and unify the information [8].
Considering the limitations, calculating a worldwide incidence rate has become a complex
task. However, according to US statistics, it was possible to relate the incidence rate of
diabetes to the incidence rate of MetS, revealing that the incidence of MetS is approximately
three times higher than that presented by diabetes [7,9]. Thus, it is estimated that about
a quarter of the world population is affected by MetS [7]. Given that MetS is closely
related to an increased risk of developing type 2 diabetes mellitus and cardiovascular
events, reversing this condition is essential [10]. The increased prevalence of changes
in lipid profile and MetS, coupled with risk behaviors such as smoking and sedentary
lifestyle, promote an increase in the incidence rate of CVD to levels of concern [10]. A high
percentage (31%) of the number of deaths worldwide is caused by cardiovascular events,
which have become a serious epidemiological problem, and the need to promote preventive
habits is emerging [11]. In this group of pathologies, we can find stroke and myocardial
infarction, which represent 85% of the total events [8,12]. The very high impact that these
pathologies represent on society and the health of the populations, favors the investment
of researchers in the problem [12-14]. The inefficiency of pharmacological treatment and
of awareness/promotion campaigns leads to the search for more appealing and effective
alternatives. The need for more appealing treatments and prevention that can be easily
integrated into everyday life has led to the emergence of the concept of Functional Foods,
which is based on combining food with direct benefits to the individual’s health [15,16].

The bioactivity of several polysaccharides which can be found in macroalgae is known
and the ease of their integration in food reinforces the action in the prevention and treat-
ment of various pathologies [17-19]. It should be noted that carrageenans, linear sulfated
polysaccharides present in red algae, are already approved by the European Union as a
food additive and described in the literature as having multiple benefits for human health.
The need to objectively assess the potential of carrageenans in the prevention and rebalance
of lipid profile and body mass index parameters constitutes a research target [17]. In this
way, an efficient and beneficial action of carrageenans was detected in terms of lipid profile
parameters, in MetS and, consequently, in the potential risk of developing cardiovascular
events [20-22]. This review is focused on researching and analyzing published information
on this broad and specific topic.

2. Metabolic Syndrome

MetS is considered a multifactorial disorder with changes in lipid and glucose
metabolism [23], in association with abdominal obesity, weight gain, dyslipidemia, hy-
pertension and insulin resistance [7,24]. The main risk in the development of MetS is
abdominal obesity and susceptibility to other risk factors [25]. The increased consumption
of fast food, high in fat and low in fiber, and the reduction in physical activity, due to the
greater availability of means of transport, induces the adoption of a more sedentary lifestyle,
enhancing the development of the aforementioned pathologies [7]. The progression of
type 2 diabetes mellitus often evolves to a more advanced state of MetS, which may be
associated with complications in therapy [25]. MetS is one of the risk factors for developing
type 2 diabetes and CVD [7,25,26]. Dietary changes including functional food components
constitute an essential approach [27].
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2.1. Lipid Profile and Metabolism

Lipid profile and metabolism are key players in the development of MetS. The as-
sessment of the lipid profile is supported by the serum concentrations of: TC, HDL-C,
LDL-C, and TG. TC represents the quantification of all cholesterol fractions present in the
sample. The cholesterol molecule is important in the body, constituting its main steroid.
It is present in all cell membranes, in the formation of essential bile acids in the processes
of absorption and synthesis of steroid hormones, among others. It can be endogenous,
when synthesized in the body, or exogenous, if absorbed through food intake. Endogenous
steroids can also be reabsorbed via the gastrointestinal tract through the absorption of bile
acids and consequent reuse of cholesterol [28]. HDL-C is a small and dense lipoprotein
with a high content of apoproteins (50%—Apo Al, All, C, among others) which in the cell
binds to specific receptors releasing cholesterol sterols, essential for proper cell functioning.
In LDL-C, only 20 to 25% of its constitution is apoprotein, whose main function is the
transport of cholesterol and TG from food [28,29]. TG are the main lipid components
present in food. In the gastrointestinal tract, they are hydrolyzed into fatty acids, absorbed
by the intestinal wall, transported to adipocytes and stored as an energy reserve [28,30].
The lipid profile is one of the main processes for monitoring MetS and classifying the
potential risk of developing CVD. This assessment makes it possible to detect disorders
in the lipid profile originating from genetic and/or dietary factors. The most frequent are
defined as dyslipidemia when it involves changes in lipoproteins, lipids, or apoproteins;
hyperlipemic, if CT and/or TG are elevated; and hypercholesterolemia, when only the CT
concentration is increased [28].

2.2. Cardiovascular Diseases

The increasing level of disorders in MetS is intertwined with the increased risk for the
development of CVD, representing a heterogeneous group of pathologies that affect the
circulatory system, blood vessels and the heart. They constitute the main cause of death
in the world, representing 31% of all deaths, characterizing themselves as an epidemio-
logical problem [11]. Risk factors are divided into modifiable and non-modifiable, with
changes in the lipid profile (hypercholesterolemia and hypertriglyceridemia), diabetes,
high blood pressure, overweight and obesity, smoking, excessive alcohol consumption and
sedentary lifestyle being modifiable ones, while age, sex and genetic factors are considered
non-modifiable risk factors. Alterations in the lipid profile are very relevant and currently
essential in the monitoring and prevention of CVD [12,13]. Dysregulation of the lipid profile
is characterized by an increase in the concentration of one or more lipid fractions in circula-
tion, favoring deposition in blood vessels and promoting the formation of atherosclerotic
plaques. The first description of the relationship between cholesterol and atherosclerotic
plaques was reported in 1904 by Félix Jacob Marchand, who demonstrated that cholesterol
is the main component of atherosclerotic plaques and the basis of the entire process [29].
Atherosclerotic plaques result from the deposition of cholesterol ester on the walls of blood
vessels by LDL-C and then give rise to an inflammatory reaction. The main way to prevent
the formation of atherosclerotic plaques is based on eliminating modifiable risk factors and
adopting healthy habits, especially in terms of food and physical exercise [29]. The diseases
in this group with the greatest impact on the health of populations are pathologies of the
coronary arteries (myocardial infarction) and of the cerebral arteries (CVA), representing
85% of all deaths caused by CVD [12,13,29].

3. Carrageenans

Carrageenans are phycocolloids present in macroalgae, which are aquatic photosyn-
thetic organisms with a high percentage of vitamins, minerals, dietary fiber, and traces
of lipids [18]. These are a health benefit as they are rich in essential omegas and polyun-
saturated fatty acids [17,18,31]. Carrageenans are a component of the cell wall and inter-
cellular spaces of several species of red algae, being extracted especially from Chondrus
crispus [19,32]. One of the first references to the use of carrageenan occurred in Carragheen,
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in the South of Ireland, where Chondrus crispus extracts were used in the confection of home
cough and cold treatments [33]. Classified as linear sulfated polysaccharides, chemically,
the carrageenans consist of repeated units of disaccharides [34,35]. The various types exist-
ing in nature (xi—¢, theta—6, beta—f3, mu—u, and nu—yv) make most chains hybrid rather
than simple. In industry, three types are usually extracted, the kappa (k)-, the iota (1)- and
the lambda (A)-carrageenans [32,34,36]. The alkaline method is the most common extraction
process and, in this case, the precursors p- and v-carrageenan lead to the formation of the
types k- and (-carrageenan, respectively (Figure 1) [37].

The gelling capacity of carrageenans results from the interaction between galactose
monomers and water molecules in solution. The tendency of the carrageenans to form
hydrogen bridges between 2 carbons leads to the formation of a helical chain. This structure
induces the ability to form gels, being responsible for the hydrocolloid characteristics of the
carrageenans [32,38]. The discovery of the gelling, thickening, and emulsifying/stabilizing
action in aqueous solutions, coupled with its inability to alter the color and taste of the
solution, made the use of carrageenan very frequent [19,39]. The low cost, the ease of
optimization, and the maintenance of the appearance and taste/smell of the solution
have allowed the wide use of carrageenans in many industrial areas, namely in the food,
cosmetic and pharmaceutical industries, in industrial suspensions and paints, among many
others [18,33,40]. Its use as a food additive is approved by the European Union, and it is
represented on food labels by code E407 [39,41].

3.1. Carrageenans for Human Consumption

Food grade carrageenans are polysaccharides where molecular weight is greater than
100 kDa [42,43]. In this case, there are three types of carrageenans normally commercialized
to the food industry: k-carrageenan, which forms rigid gels with syneresis; -carrageenan,
which is characterized by producing elastic and soft gels; and, finally, A-carrageenan, which
gives origin to viscous solutions without gelling [44].

Carrageenans are applied to food products in doses below 1 g/L and they are autho-
rized by the Joint Committee of the Food and Agriculture Organization and the World
Health Organization, except in baby formulas [39]. The acceptable daily intake for car-
rageenan is estimated to be between 20 and 200 mg/day [45]. The European Food Safety
Authority (EFSA) has set a provisional acceptable daily intake of 75 mg per kilogram of
body weight [46].

The FDA has determined that the concentration of carrageenans currently used in
processed food products in the United States of America is safe (in commercial products
that contain carrageenans), and that no upper limit would have to be established. The FDA
only requires that the used carrageenan has between 20 and 40% of sulfated content and
that it is mostly galactose and anhydro-galactose monomers [47].

In gastric digestion trials, carrageenans have had mixed results. Some studies have
demonstrated the hydrolysis of the molecule in whole or in part [48-50]. In other studies,
carrageenans, after digestion, were not hydrolyzed similarly to other phycocolloids (e.g.,
alginate) and were considered safe for human consumption [42,51-53]. Thus, the degrada-
tion or not of carrageenans is essential to determine the level of risk to human health, since
the degraded molecule is harmful by potentiating the inflammatory effect [42,48,54,55].
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Figure 1. Idealized units of the main types of carrageenan (adapted from Pereira and van de

Velde [37]).

Carrageenans in the Food Industry: Concept and Future Road

Carrageenans are the most widely used seaweed-derived food hydrocolloid for tex-
tural functionality, particularly in dairy products, jellies and confectionery, and cooked
processed meat products. Carrageenans have the fourth largest share of the global food
texture market (in terms of value), trailing starches, gelatin, and pectin. Hydrocolloids are
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commonly used in food products to improve appearance (e.g., creaminess, homogeneity)
and organoleptic qualities (e.g., mouthfeel, juiciness); to promote easy-to-use application
(e.g., pourability, spread-ability); to impart processing benefits, such as freeze-thaw stability,
slice-ability, retaining freshness, and increasing shelf life; and to increase yields. As a result,
producers benefit from a variety of technical and cost advantages. As the food industry
rises to the challenge of meeting global targets for the reduction of "unhealthy" ingredients,
such as salt (sodium), sugar, and fat, hydrocolloids are finding increased application in the
formulation of healthier foods [56].

Carrageenan is mainly used in dried powder formula, which is blended with the
other ingredients, mainly liquids, so as to not add another ingredient to the final products.
However, water can be applied to create a carrageenan solution before the mixture. Addi-
tionally, carrageenans’ powder can be blended with other ingredients (for example, sugar)
to help on the processing: blending carrageenans with sugar can help with dispersion as
well as standardization, such as in a chocolate milk grade with a specific gel strength and
functionality. Legally, any diluents must be listed in the product specification; however,
if the ingredient is present as a byproduct of processing, such as KCl in gel press kappa,
no declaration is required. Carrageenans work best in neutral environments, such as milk
systems, but certain types can tolerate more acidic conditions as long as milk proteins are
not present. The ability to gel in milk, salt, and water systems; viscosity (water); milk
reactivity; ash content; and mesh profile are some of the physical measurements commonly
used to quantify carrageenans’ performance [57].

Due to the change of mindset to a vegetarian trend, carrageenans are exploited to
create products which are similar to their animal-based counterparts, such as puddings,
types of bread, jelly, ham, creams and yogurt-similar products. Being a hot topic for vegan
food industry to create new products without animal-based ingredients, carrageenans are a
great option to be explored, due to being used at a low concentration (for example, they
are applied between 0.01 and 1% in the final product), being simple to operate with, and
helping with quality control [57].

3.2. Carrageenans in Human Health

The evidence that the ingestion of macroalgae is beneficial for human health has led to
the discovery of the high potential of several sulfated polysaccharides present in algae [58].
In particular, the potential of carrageenans in the prevention of pathologies and promotion
of human health [59,60]. The multiple health benefits are associated with its character-
istics: antioxidant; antitumor, blocking the interactions between the tumor cells and the
basal membrane and inhibiting the proliferation of tumor cells [18]; antilipidemic [58];
anticoagulant, prolonging clotting time by inhibiting thrombin activity [18,33]; antifungal;
immunosuppressant; and antiviral, preventing the entry of the virus into the cell [33].

It is thought that the interaction of carrageenans in the digestive process is the basis of
its modulating action on the lipid profile [18,61]. Physically, the carrageenan, when reaching
the intestinal tract, causes an increase in the volume and viscosity of the enteric content [62].
This phenomenon decreases the availability of the food cake to enzymatic action, thus
having direct implications on the efficiency of digestion [62]. The chemical structure also
confers the ability to interact with cholesterol in the capture and excretion of bile salts. It
can also seize cholesterol and consequently prevent its emulsifying action and subsequent
absorption. It also has the ability to inhibit lipase. The combination of all its capacities in
the gastrointestinal tract induces a decrease in the cholesterol absorption [55,63,64]. The
decrease in the absorption of exogenous cholesterol coupled with the decrease in the reuse
of bile salts promotes the need for a new synthesis of bile salts in the body [65,66]. This is
achieved by mobilizing TG from the energy reserves to restore cholesterol levels [67,68].
The potential of carrageenan comes from its ability to maintain the balance of the lipid
profile, performed by the ability to decrease the absorption of exogenous cholesterol and
consequent promotion of the synthesis of endogenous cholesterol [69].
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4. The Potential of the Carrageenans in the Prevention of MetS

Considering the bioactive and beneficial characteristics of carrageenans and the current
expansion of MetS and CVD, either by type of diet or by sedentary lifestyle, the researchers
tried to understand if there is evidence of a relationship between carrageenans and MetS and
CVD. It was found that when a diet supplemented with carrageenans is applied, in general,
a decrease in body weight is detected [7,24]. In contrast, in the study of Bhattacharyya
and collaborators conducted in 2015, the administration of 1% of carrageenan through
water for 44 weeks showed an increase in body weight, and, regarding the lipid profile,
there were higher values in the concentrations of TC, LDL-C, and TG [21]. According to
Wanyonyi and coauthors, the potential of carrageenans, present in Kappaphycus alvarezii,
with preventive effect on MetS is positive. A reduction in body weight, fat mass, waist
circumference and blood pressure were shown in their results, although these were not
statistically significant [70]. The work by Chin et al. aimed to evaluate the anti-obesity
metabolism of K. alvarezii and, for this purpose, they tested the consumption of various
forms of carrageenan. To promote obesity in C57BL/6] mice, the researchers applied a
high-fat rodent diet (HFD) with 45% kcal of energy from fat, given for 10 weeks. After
6 weeks, the HFD diet was supplemented with 5% K. alvarezii (T), 5% native k-carrageenan
(CGN), extracted from seaweed, and the remaining 5% sans-carrageenan fraction (SCGN,
which represents residues from carrageenan processing) [71]. During the experimental
period, body weight was monitored regularly, showing a reduction. Regarding fat mass,
when comparing the three groups with supplementation in relation to the model group
(high-fat diet) there was a decrease in fat mass. It should be noted that the group with
SCGN supplementation showed more significant results [71]. Additionally, the works of
Du Preez et al. showed a decrease in body weight, systolic blood pressure and hepatic and
abdominal fat mass, in addition to other plasma parameters, such as transaminase activity
and TC, when 5% of Sarconema filiforme (Rhodophyta) were added to the diet, regardless of
the type of diet applied. For the study, the researchers organized a protocol applied for 16
weeks to 4 groups of male Wistar rats. One group was fed a diet rich in carbohydrates and
fats; one group maintained the characteristics of this diet but was supplemented with 5%
of S. filiforme in the last 8 weeks; another group was fed with corn starch; and the last group
was supplemented with 5% of S. filiforme in the last 8 weeks, besides having the corn starch
diet. Rats on a diet rich in carbohydrates and fats had hypertension, dyslipidemia, obesity,
fatty liver, glucose intolerance, and increased collagen deposition in the left ventricle.
Supplementation improved MetS symptoms [22].

4.1. The Potential of Carrageenans in the Prevention of CVD

An extension of MetS may be CVD, and the consumption of carrageenans may be
a preventive factor. The relationship between the alteration of the lipid profile and the
development of CVD has led to the investigation of alternative ways of regulating the lipid
profile. The hypothesis of the biopotential of carrageenans emerged as a possibility in the
promotion and development of studies to evaluate the impact of carrageenan ingestion on
the lipid profile of patients with CVD, carrying out studies in animal models and even in
humans.

4.2. Studies Carried Out in Animal Models

After analysis of the studies carried out on a non-human animal model, it was found
that all of them recorded a significant reduction in the serum concentration of TC [22,72,73].
Most studies have selected the male Wistar rats as a model (8-week-old male C57BL /6]
mice [21]; 8-week-old male Wistar rats [22]; 9-week-old male Wistar rats [70]; 8-week-old
male C57BL/6] mice [71]; two of the works developed in Wistar rats did not provide the
age and sex of the rats [72,74]; male Sprague Dawley rats [75]). In addition, a study was
conducted on chicks [73]. The work developed with chicks, with one day of life, had as
objective to verify the effect of the ingestion of fermented carrageenans [73,76], described
by Hasanuddin et al. [73], in different concentrations (2.5, 5, 7.5 and 10%) during 5 weeks.
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At the end of the experimental period, they found that the higher the concentration of
carrageenans ingested, the greater the reduction in TC, LDL-C, TG and increase in HDL-C
levels, with statistically significant results [73].

Other researchers have tested the action of carrageenans when introduced in associa-
tion with carbohydrate and/or lipid-enriched diets. In these works, the results presented
some dichotomy observed in the two analyzed articles [70,74]. According to Wanyonyi
and collaborators, the ingestion of a diet enriched in carbohydrates, lipids and with the
introduction of about 5% of algae K. alvarezii, in a period of 8 weeks, showed a tendency
for the increase of the TC concentration and a reduction of TG; however, neither alteration
was significant [70]. In relation to the study of Xia et al., there was a reduction in the
concentration of TC and TG, when, for 30 days, Wistar rats were supplied with 1% of
carrageenans (CC), 1% (1% LC) and 3% (3% LC) of low-density carrageenans, obtained
through the red alga Eucheuma denticulatum (formerly Eucheuma spinosum, Rhodophyta),
along with a high-fat feeding (HC: 3.5% cholesterol, 10% lard, 0.2% propylthiouracil, 0.5%
sodium cholate and 5% refined sugar) and also a group with normal powder (NC: 19% fats,
55%, carbohydrates, 22% proteins, 7% ash, and 5% cellulose) [74]. There was, however,
greater efficiency in reducing serum concentrations with the ingestion of low molecular
weight carrageenans; all results were obtained through comparison with the HC group.

In Du Preez’ and co-authors” works, the action of carrageenans on the lipid profile
was beneficial both when introduced in a diet enriched with carbohydrates and fats, and
in a diet with corn starch. It was demonstrated that in both diets there was a statistically
significant decrease in the concentrations of TC and TG [22].

Bhattacharyya et al. [21] evaluated the action of carrageenans introduced in water,
in male C57BL/6] mice at 8 weeks of age. For this, 1% of non-degraded carrageenans
(carrageenan A and k; Sigma Chemical Co., St Louis, MO, USA) was added to water for
44 weeks and the mice were divided into two groups (with and without carrageenans).
The total sample was subdivided into four groups, control group (standard feeding), CGN
group (standard feeding and 1% carrageenans in water), HDF group (high fat feeding)
and HDF+CGN group (high fat feeding and 1% carrageenans in water). At the end of
the experimental period, the results did not correspond to the expected, with an increase
in the concentration of TC, TG and LDL-C [21]. The team of Chin et al. [71] sought to
estimate how best to reduce lipid profile levels, with a diet enriched in carbohydrates and
supplemented with 5% K. alvarezii (T), 5% native k-carrageenan (CGN), and the 5% leftover
sans-carrageenan fraction (SCGN). The three groups with supplemented diet were analyzed
before and after 6 weeks. After the beginning of the diet it was verified, comparatively to
the model (carbohydrate enriched diet), a tendency in the decrease of TC, LDL-C, TG, and
an increase of HDL-C concentrations. There were only significant results in the HDL-C
concentration in the SCGN group [71].

In the study developed by Tsai and collaborators, it was recorded that the time of
ingestion of carrageenans can influence the results. This team of researchers observed an
increase in TC levels after 32 days of diet enriched with 7% carrageenans and a decrease of
the same parameter after 42 days of intake [75]. The work done by Gémez-Ordoiiez et al.
evaluated the effect of the introduction on the feeding of Wistar rats of 10% of Mastocarpus
stellatus (Rhodophyta). After 4 weeks of ingestion, the results were analyzed, comparing
the experimental group (feeding with carrageenans) with the control group. A statistically
significant decrease in TC and TG concentrations was observed [72]. The results of the
studies are compiled in (Table 1).
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Table 1. Summary of studies carried out in animal and human models.

Authors Model Period Carra§/eenans Mode MetS Lipid Profile
2.5 fermented CC - JTC*; |LDL-C *; THDL-C *; |TG *
. . 5 fermented CC . - JTC*; |LDL-C *; tHDL-C *; [ TG *
Hasanuddin et al. [73] chicks 5 weeks 7.5 fermented CC Diet ; JTC * |LDL-C * 1HDL-C *; | TG *
10 fermented CC - JTC*; |LDL-C *; THDL-C *; |TG *
Wanyonyi et al. [70] rats 8 weeks HFD + 5 K. alvarezii Diet IBW; |F; |AC; |[SBP ITC; | TG
HC+1CC JBW JTC; JLDL-C; THDL-C; | TG
Xia et al. [74] rats 30 days HC+1LC Diet JBW JTC *; JLDL-C; tTHDL-C; | TG *
HC +3LC JBW JTC*; |LDL-C *; tHDL-C; | TG *
711 . . . *. *
Du Preez et al. [22] rats 16 weeks I_élz)]:r);sfaiﬁl{o; rge Diet VBW; JF; LAC; ISBP HICH TG
N . . . *. *
Filiforme JBW; |F; JAC; |SBP JTC* TG
. CGN 1BW; 1TC; 1LDL-C; JHDL-C; 1'TG
Bhattacharyya etal. [21] mice 44 weeks HFD + CGN Water TBW; TC *; 4LDL-C *; $HDL-C *; 1TG *
HFD + 5 K. alvarezii JBW; |F JTC; JLDL-C; tHDL-C; | TG
Chin et al. [71] mice 16 weeks HFD + 5 k-CGN Diet IBW*; |F {TC; JLDL-C; tHDL-C; | TG
HFD + 5 SCCGN JBW*; [F* JTC; |LDL-C; tHDL-C *; | TG
. 32 days . - 1TTC
Tsai et al. [75] rats 42 days 7CC Diet _ ITC
Gomez—O[;czl]onez etal. rats 4 weeks 10 Mastocarpus stellatus Diet - JIC* | TG*
Panlasigui et al. [65] humans 8 weeks 40 g/day, in food Diet - JTC*; | TG *; TLDL-C; tHDL-C *
Sokolova et al. [20] humans 20 weeks Capsules 250 mg Capsule - JTC*; 1TG *; |LDL-C *; tHDL-C
30 days 100 mL/day of vegetable . - JTC*;1TG *; |LDL-C; JHDL-C *
Valado et al. [77] humans 60 days jelly Diet ] |TC *4TG * |LDL-C; |HDL-C *

1: decrease; 1: increase. AC: abdominal circumference; BW: body weight; CC: carrageenan; CGN: water with 1% carrageenans; F: total fat mass; HC: high-carrageenan; HDL-C:
high-density lipoprotein cholesterol; HFD: high fat diet; LC: low-carrageenan; LDL-C: low-density lipoprotein cholesterol; MetS: metabolic syndrome; SBP: systolic blood pressure;
SCCGN: sans-carrageenan fraction; T: total; TC: total cholesterol; TG: triglycerides. * p < 0.05.
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4.3. Studies Carried Out in Humans

Human studies are still very scarce, perhaps because of the low consumption of
algae in the diet of Western populations or even because of the characteristics of the
study. However, when analyzing the results obtained in the three published studies, it
was observed that the behavior in the TC levels is homogeneous [20,65,77]. In the study
of Panlasigui et al. [65], a portion of carrageenans was added to the food prepared and
normally eaten by a group of volunteers for 8 weeks. The experimental group ingested
40 g of carrageenans daily. At the end of the experimental period, there was a significant
decrease in TC and TG concentrations and an increase, also significant, in HDL-C [65].
Afterwards, Sokolova et al. [20] showed that taking a supplement in the form of capsules
containing carrageenans and administered for 20 days to a group of hospitalized patients
with cardiovascular events presents benefits in their recovery. After 20 days, a significant
decrease in TC and LDL-C concentration was observed; however, a significant increase in
TG levels was registered [20]. Most recently, Valado et al. [77] revealed that the daily intake
of 100 mL of vegetable jelly, which has carrageenans in its constitution, presents benefits to
the regulation of the lipid profile. In the study, two periods of time, 30 and 60 days, were
tested. In both it was observed a significant decrease in the concentrations of TC and an
increase of TG, without, however, exceeding the reference levels defined [77]. The results
are compiled in (Table 1).

5. Current and Future Perspectives

From the literature review, it was inferred that the ingestion of carrageenans revealed
possible benefits on the lipid profile and on the weight and abdominal perimeter, appearing
to be an added value in the prevention of MetS and CVD. The reduced number of specific
publications in the area was one of the main limitations of the authors in the development
of the theme. Moreover, the lack of uniformity in studies, such as the different algae used;
the modes of ingestion of carrageenans: whole algae [22,70], dissolved in water [21], or
post extraction [73,74,77]; and the different methodologies used, are key factors in the
results’ variability. In human studies, one of the main limitations found are the dietary
differences of populations [65,77] and the assurance of diet compliance [20,65], as well as
the principles defined by the study. However, despite all the variants, the results showed
benefits, indicating the real potential of the carrageenans in the maintenance/regulation of
the lipid profile. The time of exposure to diets supplemented with carrageenans seems to be
an efficiency factor, because studies that compared the same population at different times,
showed a direct relation of improvement, when evaluated the period of ingestion and the
action of carrageenans in the regulation of the lipid profile. According to the studies of
Chin et al. and Hasanuddin et al., the percentage of carrageenans included as a supplement
in the diet does not seem to be very relevant for the efficiency in reducing the parameters
evaluated in MetS and rebalancing the lipid profile [71,73]. It should be noted that some
studies have promoted changes in the lipid profile and parameters of MetS through the
introduction of lipid-rich diets to test the action of carrageenans. Even so, with inadequate
alimentary behaviors it was demonstrated the efficacy in rebalancing of the evaluated
parameters [22,70,71,74].

In the investigations developed in humans, despite the various ways of inserting
carrageenan in the diet, the cultural differences in terms of feeding, the time period used
being different, and the different amount of carrageenans supplied, all the works presented
a regulatory action on the lipid profile [20,65,77].

Thus, the analysis of all publications presented revealed the high potential of car-
rageenans on the parameters of lipid profile and MetS, demonstrating a high potential in
preventing and reversing harmful changes in the lipid profile and MetS and consequently
in reducing the incidence of CVD.
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