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Colombia has a diverse range of marine ecosystems in the coastal and insular areas of the Caribbean Sea and the Pacific

Ocean. Seaweed research has focused mainly on the identification and taxonomic distribution of 628 species identified so far,

mainly in the Caribbean Sea. Among the most widely cultivated genera of seaweeds in open-sea pilot systems in Colombia

are Hydropuntia, Gracilaria, Hypnea, Kappaphycus, and Eucheuma. These genera have shown low yields as a consequence

of high tissue fragility, epiphytism, sedimentation, and nitrogen deficiency. In addition, the evaluation of the biological activity

of selected seaweed compounds has advanced considerably, focusing on their composition and their use for direct

consumption by humans and animals. Despite the diversity of seaweeds, as well as certain technical and scientific advances,

Colombia is still lagging behind other countries in seaweed exploitation, both in Latin America and worldwide.

agro-tech future trends  biodiversity  biological activity  Colombia  seaweed resources

1. Introduction

In recent years, the cultivation and marketing of seaweeds and their products worldwide have attracted growing attention,

being valued at USD 5.9 billion in 2019, and expected to show an estimated compound annual growth rate (CAGR) of 9.1%

until 2027 . This growth is largely based on applications of various seaweeds in the food, chemical, pharmaceutical,

cosmetic, and energy industries .

Marine macroalgae, commonly known as seaweeds, are macroscopic, multicellular, photosynthetic eukaryotic organisms that

can be classified into three taxonomic groups, i.e., Phaeophyceae (brown), Rhodophyta (red), and Chlorophyta (green) based

on their characteristic pigmentation. It is estimated that the global diversity of all algae (micro and macro) is around 164,000

species , about 9800 of these are seaweeds , of which only 0.17% have been domesticated for commercial exploitation .

The most traditional uses of seaweeds comprise the manufacture of fertilizers/biostimulants since Roman times , animal

feed since 45 BC , human nutrition, and source of medicinal compounds since the fourth century in Japan  and South

America , and fuel production since 1940 . Seaweeds are mainly used in the food industry as a source of

hydrocolloids. Agars, alginates, and carrageenans are the main hydrocolloids obtained from red and brown algae . In

recent years, some seaweeds have been considered a source of natural bioactive compounds with potential nutraceutical 

, cosmeceutical , and pharmaceutical value .

Colombia is located in the northwestern region of South America, it is bordered by the Caribbean Sea to the north, Venezuela

to the east, Brazil to the southeast, Ecuador and Peru to the south, the Pacific Ocean to the west, and Panama to the

northwest (Figure 1).
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Figure 1. Continental and insular zone of the Caribbean and Colombian Pacific with the oceanic and terrestrial percentage of

Colombian territory.

Colombia has a coastline with a length of 3531 km and approximately 892,102 km  of surface area and coasts in both the

Caribbean Sea and the Pacific Ocean, corresponding to 44% of the national territory . The continental Caribbean region is

made up of the coastal regions, as well as the insular area that includes San Andres, Old Providence, and Santa Catalina

islands, in addition to seven cays as shown in Figure 1. In 2000, this insular zone was declared an International Seaflower

Biosphere Reserve by the United Nations for Education, Science, and Culture . The Pacific region includes the

continental coasts, as well as the insular coasts of the Gorgona and Malpelo islands (Figure 1).

Colombia can be considered one of the South American countries with high marine biodiversity due to its diverse eco-regions

distributed in both the Caribbean and the Pacific regions, previously described by Díaz and Acero . These regions show

heterogeneous climatic, oceanographic, geological, and biochemical characteristics, and contain a variety of environments

such as beaches and rocky coasts, coral reefs, seagrass meadows, and mangrove forests, which harbor high biological

diversity . Seaweeds are part of this biological resource, integrating several ecosystems and contributing to their balance

and ecological function.

2. Seaweed Cultivation Experiences in Colombia

Although Colombia has a wide diversity in terms of macroalgal genetic resources , there is a low number of specimens in

the areas where they are located. This could be associated with seasonality and environmental conditions that hinder the

development of productive processes in the natural environment.

To date, some research has been conducted in the establishment of pilot seaweed cultivation in Colombia, both in the open

sea and land-based as presented in Table 1. Some publications that provide a chronological account of experiences carried

out in mariculture in Colombia stand out, e.g., Álvarez et al. , Molina and Álvarez  and Peña and Álvarez . Much of

the reported research was conducted by Foundations, Environmental Corporations, and other institutions, where the results

obtained (undergraduate thesis, progress, and final reports) can be classified as grey literature  since they are not

included in indexed databases and therefore access is difficult.

Table 1. Seaweed species cultivated in Colombia.
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Having access to this information is highly valuable because it covers what is being done beyond the academic sphere and

reports both advances and difficulties at the national level. Therefore, it is necessary to look for strategies within these

institutions to allow access to information more simply and effectively, granting the extrapolation of their experiences to future

work and productive processes.

Among the most mentioned works are those of Delgadillo and Newmark  and Camacho and Montaña  who established

cultures of Hypnea musciformis in the regions of La Guajira and Santa Marta, respectively. The environmental characteristics

of both areas were similar in terms of temperature and salinity. The strong water movement at La Guajira together with the

mechanical fragility of the species was responsible for the high loss percentages, which prevented the establishment of the

cultures . In Santa Marta, an average daily growth rate of 2.66% was reached; however, the authors do not mention the

swell conditions in the area. This lack of specific information prevents any conclusion regarding the influence of environmental

conditions on the viability of H. musciformis culture viability. The growth rate reported by Camacho, although lower, may be

comparable to open-sea cultures developed in Bangladesh (3.2%)  and, to a lesser extent in Brazil (5.7%)  and India

(7.6%)  showing the potential of Santa Marta for the establishment of H. musciformis cultures. In the same way, Molina and

Álvarez  and Rincones and Moreno  cultivated Gracilariopsis sp. in Atlántico and La Guajira, respectively. Of these

works, only Rincones and Moreno reported average daily growth values of 0.6%, a value that was considered low for the

establishment of a productive culture in the study area. Considering that growth rates of 2.8% have been reported for net bag

cultures of G. tenuifrons in Venezuela , 4.7% and 8% for rope  and net  cultures of G. longissimi in Spain, and 5% in

rope cultures of G. lemaneiformis in China , the results of Rincones and Moreno  indicate that, for the moment, suitable

conditions for the cultivation of this species are not guaranteed.

The daily growth rate of the different species cultivated in Colombia was between 0.44 and 4.82% day  (Table 1). These

data show that there is great variability in the daily growth rates, which depends on the species and the cultivation conditions,

including seasonal variation. Therefore, it is necessary to continue to determine the optimal conditions that allow the scaling

up of seaweed cultivation in the coastal areas of Colombia.

Specie Region Type of Culture DGR Reference

Rhodophyta        

Order Gracilariales        

  Grateloupia sp. Guajira B, R -

  Gracilariopsis tenuifrons Guajira B, R 0.59

  Gracilaria cervicornis Guajira B, R 0.44

 
Gracilaropsis longissima (as Gracilaria

verrucosa)
Magdalena B -

 
Crassiphycus corneus (as Hydropuntia cornea)

Kappaphycus alvarezii *
Guajira
Guajira

B, R
R

0.97,
0.51
5.1

Order Gigartinales        

  Hypnea musciformis Guajira-Santa
Marta

B, R 2.66, -

 
Eucheumatopsis isiformis (as Eucheuma

isiforme)
Guajira B, R 1.58

Order Halymeniales        

  Grateloupia filicina Magdalena - -

Chlorophyta        

Order Bryopsidales        

  Caulerpa sertularioides Nariño P 4.82
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In general terms, reports related to seaweed cultivation in Colombia provide limited information (e.g., description of the study

areas and algal growth results), while specific and relevant factors associated with the cultivation conditions are missing.

Therefore, a complete and integrated analysis of the seaweed cultivation field is challenging, and the decision-making

process aimed at designing commercially successful seaweeds cultures is considerably impaired.

In the early 1990s, the Food and Agriculture Organization of the United Nations (FAO), in partnership with the von Humboldt

Institute were looking for alternative productive activities for local Wayuu communities in the La Guajira Peninsula . To

that end, the FAO and the von Humboldt Institute introduced and established cultures of Kappaphycus alvarezii, through

vegetative propagation. This species is widely cultivated in tropical regions of the world to produce carrageenan  and

shows high growth rates compared to other cultivated species (Table 1). Cuban thalli as seedstock, which themselves

originated from Venezuela, were used and an average growth rate between 5.1 and 6.5% day  in floating rope systems was

achieved. These cultures were characterized by a significant loss of plant material in the cultivation areas. The main causes of

these losses were climatic (wind, temperature, rainfall), hydrological (current patterns) and biological (epiphytes) conditions

.

The cultivation of K. alvarezii in Colombia was quite controversial as its introduction was considered troublesome by some

Colombian seaweed researchers and phycologists interviewed in this study. The environmental impact studies necessary to

assess the possible risks of the introduction of K. alvarezii as an invasive species of reef and seagrasses ecosystems, as

previously reported in other coastal areas of the world  were lacking. In 2008, K. alvarezii was included in the list of

invasive alien species in Colombia, (Resolution 848-2008 of the Ministry of Environment, Housing and Territorial

Development).

Pilot seaweed cultivations have been conducted in coastal areas with environmental conditions similar to those of Colombia.

Eucheuma spp., Gracilaria spp., and K. alvarezii are some of the species successfully cultivated in Belize  and Panama

. Nevertheless, there is no clear information about what was the successful approach used in these pilots. This makes it

difficult to identify the lessons learned in these areas and the failures that are being committed at the national level, which

should be explored in depth.

Up to this point, the present review shows that the results in extensive open sea cultures carried out in Colombia were

characterized by low productivity and in the cases where good biomass growth was achieved, it was not possible to maintain

it throughout the year, due to seasonality. The results indicated that the limited success of seaweed cultivation in the open sea

seems to be related to the difficulty of taking in situ measurements and controlling the physical, chemical, and biological

variables that affect culture yield and productivity.

Several other factors are involved in the establishment and productivity of seaweed cultures. Human activities, such as the

increasing contamination of water bodies by domestic, industrial, and agro-industrial discharges, mining activities, as well as

the emission of CO  into the atmosphere, cannot be ignored. These are some of the major factors responsible for the

environmental changes (e.g., alterations in the carbon cycle, stratification, eutrophication, increases in UVB radiation, surface

temperatures, and decreases in pH, among others) recorded in marine ecosystems . Additionally, in Colombia,

according to several interviews with highly regarded seaweed researchers, it was possible to identify that some of the main

difficulties to establishing commercial seaweed cultures are the idiosyncrasy and socio-economic conditions of the

communities.

Colombia has little or no experience in land-based cultivation, except for the laboratory work carried out by Mosquera and

Peña  with Caulerpa sertularioides. This work was focused on the effect of salinity on algal growth while maintaining

constant illumination, temperature, and nutrients, and optimal growth was achieved at a salinity of 25 with artificial seawater.

Nevertheless, the study did not provide any extra information regarding C. sertularioides cultivation, indicating the importance

of studying the effect of other variables on the in vitro growth of this seaweed.

So far, this review indicates that despite some experiences of pilot-scale seaweed cultivation in Colombia, there is an

opportunity to adopt technologies for land-based seaweed cultivation that are successful elsewhere, such as those of Seakura

in Israel  and Acadian Seaplants in Canada , to trigger the potential application of this technology in the country.

3. Applications of Seaweeds in Colombia
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The worldwide application of seaweeds in the food, pharmaceutical, cosmetic, and energy industries is based on the

nutritional and biological value of their content of minerals, vitamins, carbohydrates, proteins, and fatty acids . In Colombia,

the applications of seaweeds are mainly focused on: (i) the study of their composition , both for direct consumption or

fertilizer production, (ii) evaluation of the biological activity of extracts, and (iii) the extraction of polysaccharides and pigments.

3.1. Fertilizers

The most feasible applications of seaweed comprise the field of fertilizers; due to their contribution of minerals, nutrients 

and their activation in the production of growth regulators. Bula-Meyer  reviewed several applications of seaweed in

Colombian agriculture showing their potential to be used as fertilizers. His work focused on Sargassum, highlighting the

nutritional composition as well as the effect of derived products on important plant crops variables such as fruit aging, frost

resistance, and nutrient absorption.

3.2. Biological Activity

The increasing demand for products with the biological activity of importance to medicine (e.g., antimicrobial, antiviral,

antitumor) has promoted the discovery and production of new compounds by chemical synthesis or extraction and purification

from natural sources. The biological activity of various seaweeds in Colombia has been focused on the evaluation of

antimicrobial, cytotoxic, and antioxidant activity. The main findings of biological activities from seaweed extracts collected in

Colombia are reported in Table 2.

Table 2. Biological activities of seaweed identified in Colombia.
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Species Biological Activity Reference

Rhodophyta    

Order Gelidiales    

  Gelidiella acerosa Cytotoxic

Order Corallinales    

  Amphiroa fragilissima Cytotoxic

Order Gracilariales    

  Gracilaria mammillaris Antioxidant

Order Gigartinales    

  Hypnea musciformis Antibacterial—Phenolic and steroidal compounds

Order Ceramiales    

  Digenea simplex Cytotoxic

  Laurencia sp. Antioxidant

  Laurencia microcladia Antibacterial

Chlorophyta    

Order Ulvales    

  Ulva sp. (as Enteromorpha sp.) Antibacterial

Order Bryopsidales    

  Caulerpa mexicana Antibacterial—Antioxidant

  C. sertularioides Cytotoxic

Ochrophyta    
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Antimicrobial activity assays focus on susceptibility testing of pathogenic microorganisms (e.g., bacteria and fungi) in the

presence of potential compounds of interest. Studies of antimicrobial activity in Colombia date back to the 1970s, when Nuñez

et al.  evaluated the antibacterial activity of extracts obtained from the algae Halimeda opuntia, Ulva lactuca, Gracilaria

mammillaris, and Agardhiella subulata (as Agardhiella tenera) collected on the Atlantic coast. The results of this work are

incomplete, only mentioning that H. opuntia and U. lactuta did not exhibit antimicrobial activity, which makes it difficult to make

decisions and extrapolate the results. Arteaga and De Silvestri  complemented Nuñez’s work with new extraction

techniques, including the study of the effects of seasonal variability and pH. The authors reported a higher antimicrobial

activity of Ulva sp. (as Enteromorpha sp.), Hypnea musciformis, and Caulerpa mexicana extracts, prepared in phosphate

buffer (10%) and pH of 6.8, as well as the variability of the compounds obtained as a function of seasonality.

Similarly, Martínez et al.  evaluated the antimicrobial activity of methanolic extracts of eight seaweeds on Gram-positive

(Staphylococcus aureus and Bacillus cereus) and Gram-negative (Escherichia coli) bacteria. The results indicated that

extracts from two species of Dictyota showed activity against S. aureus and B. cereus. Padina boergesenii showed activity

against B. cereus, and finally Laurencia microcladia against S. aureus. The extracts of all these algae only showed activity on

Gram-positive bacteria. The lack of activity on Gram-negative bacteria may be related to masking by other compounds  or

to the non-production of compounds that act on these bacteria.

Regarding cytotoxic activity tests, these tests evaluate damage at the cellular level either sublethal (e.g., decreased cell

proliferation) or lethal (e.g., apoptosis or autophagy). Seaweed cytotoxic activities have been evaluated in different cellular

systems such as fertilized sea urchin (Lytechinus variegatus) eggs , colon cancer cells (HT29) , and human myeloid

leukemia cells (Jurkat) .

The methanolic seaweed extracts obtained by Martínez et al.  showed a low cytotoxic activity as no retarding effects were

observed in the mitotic processes in fertilized sea urchin eggs . These results, although preliminary, indicated that the

evaluated extracts could be used without the risk of generating cell damage mainly at the level of cell division and

proliferation, which is a desirable property for algal-derived materials used in cosmetic products.

Methanolic extracts of six seaweeds (Amphiroa fragilissima, Gelidiella acerosa, Dichotomaria obtusata, Dictyota fasciola,

Sargassum cymosum, and Caulerpa sertularioides) , as well as different fractions of the ethanolic extract of Digenia

simplex , showed a potent cytotoxic effect on colon cancer cells and human myeloid leukemia cell line (Jurkat),

respectively. The cytotoxic activity occurred as a consequence of a blockage of the mitotic phase (antimitotic activity) which

could activate the process of programmed cell death . This antimitotic activity could be a more effective strategy than those

compounds that try to interrupt the progression of cell proliferation (e.g., Colcemid ) making these extracts potential antitumor

agents.

Concerning the antioxidant capacity and the content of phenolic compounds, ethanolic extracts from Caulerpa mexicana,

Laurencia sp., Sargassum sp., Dictyota sp. and Sargassum cymosum , Hypnea musciformis , and Gracilaria

mammillaris , among other species, have been studied. The results indicated that the antioxidant capacity observed was

mainly related to the production of phenolic compounds. Amongst the species studied, the following were highlighted: S.

cymosum for its concentration of phenolic compounds (0.822 mg acid gallic equivalent/g extract), H. musciformis for its

antioxidant activity (550 μmol Trolox equivalent/L), and G. mammillaris which showed a high level of antioxidant activity in

Species Biological Activity Reference

Order Dictyotales    

  Dictyota bartayresiana Antibacterial—Feeding inhibitor

  Dictyota pulchella Antibacterial-Cytotoxic—Feeding inhibitor

  Dictyota sp. Antioxidant

  Padina boergesenii Antibacterial

Order Fucales    

  Sargassum cymosum Antibacterial-Cytotoxic – Feeding inhibitor

  Sargassum sp. Antioxidant

  Sargassum schnetteri (as Cladophyllum schnetteri) Feeding inhibitor
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edible oils, inhibiting 42.1% of thiobarbituric acid reactive substance (TBARS) formation in accelerated oxidation assays.

These results are preliminary as they could be improved by the implementation of more effective extraction techniques , as

well as the fractionation of the extracts , which would increase the antioxidant activity of the extracts and project the

extracts obtained from seaweeds as a new natural source of antioxidant compounds in the food and cosmeceutical industry.

3.3. Polysaccharides and Pigments

Another important topic of the research in seaweed application is the production of polysaccharides and pigments, among

which: agars, alginates, carrageenans, and fucoxanthins, stand out.

Studies related to polysaccharides and pigments focus mainly on the evaluation of the extraction processes and how they

affect variables such as gelation times, viscosity, gel strength, and absorption capacity. Table 3 shows some of the

polysaccharides and pigments extracted from seaweeds in Colombia.

Table 3. Polysaccharides and pigments extracted from seaweeds in Colombia.

Among the works with polysaccharides, the production of agar from Gracilariopsis longissima (as Gracilaria verrucosa) was

favored by the extraction under acidic conditions, obtaining better gelation times, color, and texture . The production of

alginate from Sargassum sp. and Sargassum cymosum showed low viscosity (16.95 mPa.s) but high gel strength (787.5 g

cm ) . These results are attractive, for the application of these types of alginates in raw materials requiring high gel

strength whilst maintaining good porosity. The extraction of kappa and beta carrageenan polysaccharides from Gracilariopsis

tenuifrons showed good absorption in the UVB and UVA range, giving them a broad spectrum of photoprotection .

Concerning pigment production, Restrepo  studied the fucoxanthin content in brown seaweeds, e.g., Dictyota, Sargassum,

Spatoglossum, and Turbinaria. The highest fucoxanthin content (10.03 mg g ) was reported for the extract of Sargassum

filipendula, followed by Dictyota caribaea (8.36 mg g ) and Dictyota pinnatifida (6.77 mg g ). According to the authors, the

high values of fucoxanthin may be related to the environmental conditions of the areas where the collections were made,

being higher in those where exposure to light was greatest since this compound fulfills functions of light capture, as well as

protection against oxidative stress generated by UV radiation.

Finally, Vargas  is one of the few works found that elaborated products using seaweed extracts and also evaluates their

biological activity. Vargas developed cosmetic products such as moisturizing cream, sunscreen, and gel mask, with the

[79]

[80]

Species Extract/Compound Reference

Rhodophyta    

  Order Gracilariales    

    Gracilariopsis longissima (as Gracilaria verrucosa) Agar-agar

    Gracilariopsis tenuifrons Agar and carrageenan

Ochrophyta    

  Order Fucales    

    Sargassum sp. Alginate

    S. cymosum Alginate

    S. filipendula Fucoxanthin

    Turbinaria spp. Fucoxanthin

    S. polyceratium Fucoxanthin

  Order Dictyotales    

    Dictyota caribaea Fucoxanthin

    D. pinnatifida Fucoxanthin
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addition of Hypnea musciformis ethanolic extracts. Results showed an improvement in physicochemical and microbiological

properties, as well as UV absorption, as compared to the respective controls.

As previously indicated, the application of seaweed in Colombia has focused on chemical composition, biological activity, and

extraction of polysaccharides and pigments. While among the most unexplored fields are biofuels and direct human

consumption. This situation could be related to the fact that their application in these sectors requires high quantities of

biomass, which has not been possible to obtain despite the resources that have been used in the few pilot cultures developed

in the country.

Regarding seaweeds for human consumption, there is less interest, since these have not been part of the Colombian diet.

Consequently, this situation could conduct to greater difficulties for its implementation in the short and medium-term. However,

considering the transformation of the agri-food industry that focuses on achieving healthier and more environmentally

sustainable foods, new global food trends have positioned selected seaweeds as candidates to lead this transformation 

. These trends could generate new food proposals that seek to revive and reinvent cuisine with seaweed as it has been

developed in other areas of the world .

The integration of suitable seaweeds in the Colombian economy would contribute to the implementation of a transition

towards a blue economy as one of the highest priority goals included in Colombia Potencia Bioceánica Sostenible 2030  as

well as with the objectives of the United Nations Development Programme for Colombia .
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