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Abstract 

The main compounds extracted from the biomass of marine microalgae have antioxidant, antimicrobial, antifungal, 
anti-inflammatory and antitumor effects, making the possibility of using these properties in the development of foods 
feasible. Despite the proven biological activity of microalgae, there are still challenges regarding the production 
and use of microalgal biomass or its derivatives in food industries that are related to high production costs, and there 
is little research regarding the evaluation of their safety and the search for their application in food development. 
Therefore, this research aimed to collect information regarding the biological activities of marine microalgae, which 
allows their use as a natural antimicrobial additive in food matrices and as an ingredient in the development of func-
tional foods with antioxidant capacity. The search interval for the PRISMA (preferred reporting items for systematic 
reviews and meta-analyses) guidelines was five years. Different methods for the extraction of antioxidant and antimi-
crobial compounds from the marine microalgae Dunaliella salina, Tetraselmis chuii and Isochrysis galbana were com-
pared and discussed, and the viability of their use and application in food matrices and in the food industry in gen-
eral were analyzed. It was concluded that there are research gaps in the use of microalgae biomass as an extract, 
the identification of bioactive molecules for use in the food industry as antimicrobial agents and for the development 
of functional foods with antioxidant capacity.
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Background
Marine microalgae are microscopic organisms that 
contain large amounts of chemical compounds that 
provide them with bioactive properties. One of the bio-
logical activities that Chlorophyta marine microalgae 
possess is antimicrobial capacity, Chlorella vulgaris and 
Dunaliella salina extracts, have demonstrated favorable 
results of inhibition against the growth of the pathogenic 

microorganism Streptococcus mutans. This capacity has 
also been observed in Haptophyta microalgae Isochryris 
galbana, Isochryris litoralis and Isochryris maritima 
extracts against Escherichia coli, Pseudomonas aerugi-
nosa, among others (Jafari et al. 2018; Garcia & Del Rio, 
2022). The antimicrobial capacity of Chlorophyta micro-
algae Tetraselmis suecica against Escherichia coli, Pseu-
domonas aeruginosa, Salmonella Typhimurium, among 
others, can be attributed to the presence of peptides with 
bactericidal potential (Guzmán et al. 2019; Kokkali et al. 
2020).

Another important biological activity demonstrated by 
microalgae is antioxidant capacity due to the presence 
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of phenolic compounds and antioxidant peptides, which 
was verified by evaluating proteins extracted from 
Dunaliella salina subjected to simulated in vitro gastro-
intestinal digestion. High concentrations of fucoxanthin, 
a compound with high antioxidant capacity, have also 
been identified in Isochryris galbana (Mousavi & Hos-
seinzade, 2020).

Although preservative additives of synthetic origin 
are very important in the food industry, in recent dec-
ades, a growing consumer preference has been observed 
for the use of natural preservatives, such as those from 
marine microalgae (Gokoglu 2019; Aziz & Karboune 
2018; Rathod et  al. 2021), due to their possible toxicity, 
carcinogenicity, epithelial cell sensitization, and immune 
sensitization, which in turn can cause allergic contact 
dermatitis, urticaria, respiratory discomfort, mucosal 
symptoms, and even isolated inflammation of the tongue, 
in patients with a previous diagnosis of angioedema 
(Duus et  al., 2020). These health conditions are associ-
ated with the most used synthetic preservatives in foods, 
such as isothiazolinones, parabens, methyldibromine glu-
taronitrile, sulfites, benzoic acid, ascorbic acid, and cal-
cium acetate, among others.

Functional foods have a positive impact on consumer 
health, even more so when the bioactive compounds 
used in their preparation, such as antioxidants, come 
from natural sources such as marine microalgae extract 
(Nataraj et  al. 2020; Chin et  al., 2019). Bioactive com-
pounds from marine microalgae can be isolated from 
aqueous solutions, from protein hydrolysates, extracts, 
fresh mass, among others (Admassu et al. 2018).

Despite the proven biological activity of microalgae, 
there are still challenges regarding the production and 
use of microalgal biomass or its derivatives in the food 
industry due to the high production costs, the limited 
research regarding the evaluation of toxicity and the 
search for the application of ideal concentrations when 
applying microalgae in foods (Tavakoli et al. 2022).

The antimicrobial and antioxidant capacities of the 
marine microalgae Dunaliella salina, Tetraselmis chuii 
and Isochrysis galbana have not been investigated in 
depth in countries of Latin America like Ecuador. Fur-
thermore, research on antimicrobial and antioxidant 
capacities has been limited to confirming or denying 
these biological activities in microalgae, but their use as 
a raw material or as an ingredient for the development 
of functional foods with antioxidant capacity or their 
use as an antimicrobial in food processing has not been 
investigated, as well as the antimicrobial and antioxidant 
mechanisms themselves have not yet been investigated 
and explained.

Therefore, this review aims to collect information 
regarding the biological activity of marine microalgae, 

which, in the future, will allow its use as a natural anti-
microbial additive in food matrices and as an ingredient 
in the development of functional foods with antioxidant 
capacity.

Methodology
A systematic review was carried out on the existing pub-
lications referring to the bioactive antimicrobial and anti-
oxidant properties of the marine microalgae Dunaliella 
salina, Tetraselmis chuii and Isochrysis galbana and their 
possible application in the food industry as natural anti-
microbial additives and for the development of functional 
foods with antioxidant capacity. The present research fol-
lowed the assumptions described by the authors in the 
PRISMA technique (preferred reporting items for sys-
tematic reviews and meta-analyses) (Kitchenham 2004; 
Okoli & Schabram 2010). Figure 1 shows the flow chart 
of the PRISMA methodology applied for this research 
and its respective bibliometric results.

To comply with the first phase of the PRISMA method, 
the following research questions were used: What bio-
active compounds with antimicrobial capacity do the 
algae Dunaliella salina, Tetraselmis chuii and Isochrysis 
galbana? What bioactive compounds with antioxidant 
capacity do the algae Dunaliella salina, Tetraselmis 
chuii and Isochrysis galbana? The antimicrobial capac-
ity of the algae Dunaliella salina, Tetraselmis chuii and 
Isochrysis galbana allows their use as natural additives 
in food industry products? Can Dunaliella salina, Tet-
raselmis chuii and Isochrysis galbana be useful for the 
development of functional foods with antioxidant capac-
ity? Which of the microalgae offers better antimicrobial 
capacity? Which of the microalgae offers better anti-
oxidant capacity? These questions allowed adequate 
systematization of the information, thus facilitating its 
organization and comprehension.

The search interval was established in six years, which 
includes published research between January 2018 and 
March 2024, considering that the investigation of bioac-
tive compounds from microscopic organisms is a current 
topic of interest in food science and technology. 

To obtain relevant information on the topic, high-
impact databases, including Springer, Science Direct, 
Refseek, Scopus, and Connected, and the searcher aca-
demic engine Google Scholar and Bielefeld Academic 
Search Engine were used. The searches were carried 
out in English, using bibliometric descriptors (Table  1) 
such as “antimicrobial capacity”, “antioxidant capacity”, 
and “bioactivity characteristics in microalgae". In addi-
tion, Boolean search engines were used to delimit the 
information regarding the microalgal species of interest: 
"antimicrobial capacity” and “antioxidant capacity”, “anti-
microbial capacity” or “antioxidant capacity”, “bioactivity 
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characteristics in microalgae” + “Scientific Name of 
Microalgae”.

Finally, the following descriptors were used: “antimi-
crobial capacity of D. salina”, “antioxidant capacity of D. 
salina”, “bioactive characteristics of D. salina”, “antimi-
crobial capacity of T. chuii”, “antioxidant capacity of T. 
chuii”, “bioactive characteristics of T. chuii", "antimicro-
bial capacity of I. galbana", "antioxidant capacity of I. gal-
bana", and "bioactive characteristics of I. galbana".

Inclusion criteria
This research was developed between 2018 and 2024 
and included studies with quantitative, qualitative or 
mixed approaches and articles written in English or 
Spanish. The research objective, degree of relationship 
with the research questions, affinity of the study with 
the microalgal species of interest and affinity of the 
study with the bioactive characteristic of interest were 
considered.

Fig. 1  PRISMA methodology flowchart

Table 1  Bibliometric results

Database

Descriptor Springer Science direct Ref seek Scopus Connected 
papers

Google scholar

“Antimicrobial capacity of Dunaliella salina” 913 1640 232 311 400 2953

“Antioxidant capacity of Dunaliella salina 2953 16,300 1446 1883 844 7891

“Bioactive characteristics of Dunaliella salina” 5488 30 702 18,100 1159 1365

“Antimicrobial capacity of Tetraselmis chuii” 2303 2460 9402 7 2953 1280

“Bioactive characteristics of Tetraselmis chuii” 1 2951 472 85 160 199

“Antimicrobial capacity of Isochryris galbana” 2450 3681 3 2951 450 1993

“Antioxidant capacity of Isochryris galbana” 62 92 1560 1 1 1400

“Bioactive characteristics of Isochryris galbana” 4952 722 1762 238 2470 1290
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Dunaliella salina
Generalities
Dunaliella salina is a unicellular marine phytoplankton 
belonging to the Dunaliellaceae family. Since the begin-
ning of its study, it has been considered a fundamental 
part of the development and balance of primary marine 
life. Especially under hypersaline environmental condi-
tions, so it can be used in research on the ability of algae 
and microalgae to adapt to salt. Furthermore, it has been 
proven that under optimal conditions for growth and 
development, plants can produce and accumulate large 
amounts of bioactive antioxidant compounds, especially 
β-carotene (El-Baz et al. 2020).

In addition to containing many antioxidants com-
pounds, Dunaliella salina contains other bioactive 
molecules of great interest, such as lutein, zeaxanthin, 
chlorophyll and polyunsaturated fatty acids. Due to the 
large amount of β-carotene that this microalga contains, 
it is considered a powerful source of antioxidants, as well 
as a precursor and modulator of retinol, so it can even be 
used as a healthy food, nutritional supplement, and col-
oring additive either in food or cosmetics. There are also 
clinical reports showing that Dunaliella salina can have 
beneficial effects on health, reducing the risk of meta-
bolic diseases such as obesity, diabetes mellitus, dyslipi-
demia and arterial hypertension (El-Baz et al. 2018).

Antioxidant capacity of Dunaliella salina
The way Dunaliella salina is grown and extracted influ-
ences the number of antioxidants that can be obtained 
from it. When a change in color goes from green to red 
is induced in the microalgae cells and NaCl and KNO3 
are added to the culture, lipophilic antioxidants, specifi-
cally carotenoids, are obtained. When the ultrasound-
assisted extraction method is used, the production and 
yield of carotenoids are improved (Table  2), given that 
this extraction method is carried out at low temperatures 
and that ultrasonic waves allow for the effective release 
of carotenoids and chlorophyll into the solvent (Gallego 
et al., 2019; Nejadmansouri et al. 2021).

When the supercritical carbon dioxide extraction 
method is applied, it is important to establish the opti-
mal extraction conditions, with the ideal conditions for 
Dunaliella salina being a pressure of 312.6  bar and a 
temperature of 45.0 °C, to guarantee the purity and high 
performance of the antioxidant (Bueno et al. 2020).

For the extraction of antioxidants to be selective, the 
extraction method assisted by supercritical carbon diox-
ide (SC-CO2) can be used. For the selective extraction of 
β-carotene, the best solvent is ethanol, since it improves 
the solubility, increases the extraction yield and increases 
the mass fraction (Tirado & Calvo 2019).

The optimal extraction conditions in this case vary, and 
it is suggested to use 500 bar pressure, 70 °C and 10% by 
weight of ethanol as the cosolvent since this achieves a 
recovery of 90% of the antioxidant content and greater 
purity of β-carotene (Ludwig et al. 2020).

Antimicrobial capacity of Dunaliella salina
The antimicrobial capacity of Dunaliella salina microalga 
can be evaluated using extracts and suspensions, among 
others. By incorporating it into a suspension for the syn-
thesis of gold nanoparticles (GNPs) and gold (III) chlo-
ride trihydrate (HAuCl4·3H2O), an antimicrobial effect 
against Gram-negative and Gram-positive bacteria. The 
bacteria studied were Staphylococcus aureus, Bacillus 
cereus, Escherichia coli, and Salmonella Typhimurium, 
resulting in inhibition halos of significant sizes, as shown 
in Table 3 (Basiratnia et al. 2021). When the Dunaliella 
salina suspension is incorporated into silver nanoparti-
cles (AgNPs), favorable results are obtained for antimi-
crobial activity against Bacillus subtilis and Enterobacter 
tabaci (Shantkriti et al. 2023).

On the other hand, microalgae extracts can be 
obtained with ethanol, hexane or another type of sol-
vent; thus, they will have different antimicrobial activi-
ties depending on the solvent used, with the greatest 
effectiveness against Pectobacterium carotovorum 
subsp. carotovorum DSM30168, was achieved with the 
ethanol extract, while for Pseudomonas syringae pv. 

Table 2  Antioxidant Capacity of Dunaliella salina 

Method Compound Result Author

Culture in J1 Medium, 4.0 M [NaCl-] and 0.50 mM [KNO3] Lipophilic Antioxi-
dants Carotenoids

9.69 μg/mL Gallego (2019)

Ultrasound-assisted extraction (10 min. Y < T°) total carotenoids 2.62 μg/mg Nejadmansouri et al. (2021)

Chlorophyll a 1.83 μg/mg

Chlorophyll b 1.75 μg/mg

Extraction with supercritical carbon dioxide (SC-CO2) and ethanol Total carotenoids 25 g/Kg microalgae Stripped & Bald (2019)

Fluid extraction supercritical (CO2 N2 and Ethanol), 312 bar and 45 °C Total carotenoids 60.8 mg/g of microalgae Bueno et al. (2020)

Extraction with supercritical carbon dioxide (SC-CO2) and Acetone Beta carotenes 18 μg/mg Ludwig et al. (2020)
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tomato EPS3, Staphylococcus aureus and Escherichia 
coli have better efficacy with hexane extract (Ambrico 
et al. 2020; Salim et al. 2018).

However, in in  vivo studies in which young tomato 
plants and tomato and zucchini fruits were used as 
study subjects, Dunaliella salina extract obtained with 
hexane showed better antimicrobial efficacy (Table  4) 
and increased evasion and decreased severity of fruit 
disease due to pests, as well as a delay and decrease in 
fruit rot symptoms in tomato and zucchini (Ambrico 
et al. 2020).

When the sequential extraction of Dunaliella salina 
was carried out with hexane, ethyl acetate (AcOEt) and 
methanol, favorable results were obtained regarding the 
minimum antibiofilm inhibitory concentration (MBIC) 
against Candida parapsilosis, Escherichia coli, Klebsiella 
pneumoniae, Staphylococcus aureus, Staphylococcus epi-
dermidis, and Pseudomonas aeruginosa, demonstrating 
slightly greater efficacy when ethyl acetate was used as 
the main cosolvent (Iglesias et al., 2019).

Regarding the type of culture that allows better growth 
efficiency for Dunaliella salina, the findings suggest that 
the modified seawater medium is ideal (Salim et al. 2018).

Mechanism of the antimicrobial activity of Dunaliella 
Salina
The fresh mass extract of Dunaliella salina can be used 
for the biosynthesis of silver nanoparticles, these nano-
particles can connect to the microbial membrane and 
even pass through it (Fig. 2), once they have entered the 
microbial cell they interrupt cell division, alter the per-
meability of the cell membrane surface and respiratory 
functions, resulting in cell death (Shantkriti et al. 2023).

The direct antimicrobial mechanism of Dunaliella 
salina biomass has not been thoroughly evaluated so far, 
it has been hypothesized that the antimicrobial activity 
could be due to oxidized compounds, which react with 
sulfhydryl groups through additional non-specific inter-
actions with proteins, the ability of terpenoids to disrupt 
the membrane by lipophilic compounds and intercalate 

Table 3  Antimicrobial Capacity of Dunaliella salina 

Method Inhibited microorganism Inhibition Halo 
(mm)

Author

Synthesis of Gold Nanoparticles + Dunaliella salina Plate sowing Staphylococcus aureus 15 Basiratnia et al. (2021)

Bacillus cereus 14

Escherichia coli 11

Salmonella Paratyphi 12

Table 4  Antimicrobial Capacity of Dunaliella salina 

Method Inhibited microorganism Inhibition Halo (mm)/ Minimal inhibitory 
concentrations

Author

Extract With Solvents disk broadcast Pectobacterium carotovorum 
subsp. carotovorum, extract

11 Ambrico, et al. (2020)

Pseudomonas syringae pv. tomato, 
hexane extract

12

Synthesis of Silver Nanoparti-
cles + Dunaliella salina disk broadcast

Escherichia coli 4 Shantkriti et al. (2023)

Bacillus subtilis 7

Enterobacter tabaci 7

Extract with solvents Anti-biofilm Candida parapsilosis  > 1.024 mg/L extract and methanol Iglesias, et al. (2019)

Escherichia coli

Klebsiella pneumoniae

Staphylococcus aureus

Staphylococcus epidermidis 512 mg/L, hexane extract and methanol

Pseudomonas aeruginosa

Candida albicans

Enterobacter cloacae

Extract with solvents sowing in agar Staphylococcus aureus 10 Salim et al. (2018)

Escherichia coli 10.75
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with DNA, disruption of the electron transport chain 
and oxidative phosphorylation, destruction of nutrient 
uptake, degradation products of autoxidation and peroxi-
dation production, direct lysis of bacterial cells or prohi-
bition of enzymatic activity (Jafari et al. 2018).

Furthermore, it has been shown that the difference 
between the negative charge of a microorganism and 
the positive charge of a metallic nanoparticle acts as an 
absorbing electromagnet between the microbe and the 
nanoparticles. The binding of silver nanoparticles to the 
cell surface manages to perforate the wall, leading to bac-
terial death thanks to the interruption of several meta-
bolic and reproductive pathways (Basiratnia et al. 2021).

Mechanism of the antioxidant activity of Dunaliella Salina
Microalgae cells in general, including Dunaliella salina, 
accumulate 30–40% of ascorbic acid that remains in the 
chloroplast. Ascorbic acid acts as a potent antioxidant 
due to its ability to donate electrons in enzymatic and 
non-enzymatic reactions, thus protecting cells by directly 
eliminating O2• − , HO2• − and regenerating tocopherol 
from tocopheroxyl radicals (Fig. 3) (Roy et al., 2021).

Furthermore, the peptides isolated from Dunaliella 
salina contain basic amino acids such as Asn, Gln and 
Arg, which have a higher processing capacity to scav-
enge the free radical (2,2-Diphenyl-1-picrylhydrazyl) 
DPPH compared to acidic or neutral peptides. The 

Fig. 2  Antimicrobial action mechanism of silver nanoparticles made from microalgae Dunaliella salina 

Fig. 3  Antioxidant action mechanism of the microalga Dunaliella salina 
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dominant peptide present in Dunaliella salina includes 
the hydrophobic amino acid residues Ile and Leu at the 
N-terminus, which might be mainly responsible for the 
antioxidant capacity of the entire digested fraction (Xia 
et al. 2019; Xu and Harvey 2019; Bahador et al. 2019).

Tetraselmis chuii
Generalities
Tetraselmis chuii is a unicellular and mobile marine 
microalga that is approximately 10 to 15 μm in size and 
has an ellipsoidal morphology, and its reproduction 
occurs due to the longitudinal fission process. The taxo-
nomic classification of the microalga Tetraselmis chuii 
according to Butcher in 1959 is as follows: Kingdom 
Plantae, Phylum Chlorophyta; Class Chlorodendrophy-
ceae, Order Chlorodendrales.

This microalgal strain was initially isolated and 
described in the 1950s on the coast of Great Britain and 
has subsequently been isolated in different parts of the 
world to study its functional and bioactive characteris-
tics. It was identified 8/6 times in the Culture Collection 
of Algae and Protozoa (CCAP) of the United Kingdom 
(Barat et al., 2013).

Tetraselmis sp., is a widely known microalgae for its 
various applications as a live food used in the aquacul-
ture industry, and its optimal growth conditions can vary 
according to the required culture conditions (Montoya & 
Acosta, 2021).

Furthermore, Tetraselmis sp., is a microalga with a wide 
variety of applications, especially in aquatic cultures. It 
can also be used to feed fish and shrimp, especially in 
specific stages of development of these animals, primar-
ily for larval stages. They also serve as food of rotifers 

and crustaceans, due to their biochemical composition, 
which provides good nutritional characteristics, size and 
ease of cultivation, make these microalgae organisms of 
great research and industrial interest (Sacristán de Alva 
et al., 2018).

Antioxidant capacity of Tetraselmis chuii
The extraction of antioxidants and phenolic compounds 
can be optimized, and depending on the method used, 
the extraction assisted by pulsed electric fields (PEFs) 
combined with the aqueous solvent dimethyl sulfoxide 
(DMSO) allows for the effective recovery of pigments 
and polyphenols from microalgae (Kokkali et al. 2020).

The optimal conditions for the extraction of antioxi-
dant compounds from Tetraselmis chuii are 24 h of mac-
eration using DMSO as a solvent and a PEF at 1 kV/cm 
and 400 pulses since these conditions allow higher values 
of maximum antioxidant capacity (TAC) to be obtained, 
total phenolic compounds (TPC) and a greater recovery 
of carotenoids, as shown in Table 5 (Kokkali et al. 2020).

With the intention of preserving the integrity of the 
antioxidant compounds of the microalgae, microencap-
sulation of the fresh biomass can be carried out. The 
findings suggest that with microencapsulation, adequate 
conservation of beta-carotene and phenolic compounds 
is achieved when gelatin is used as a component of the 
wall and encapsulation is carried out at 110  °C in Tet-
raselmis chuii (Bonilla et al., 2018).

Light intensity and exposure time have an effect on 
the compounds that provide antioxidant activity; in this 
sense, it has been reported that chlorophyll a, chlorophyll 
b, carotenoids, α-tocopherol, the amount of chlorophyll 
a/b and the content of ascorbic acid from Tetraselmis 

Table 5  Antioxidant Capacity of Tetraselmis chuii 

Method Compound/ Indicator Result Author

Pulsed electric fields (PEF) and aqueous solvent dime-
thyl sulfoxide (DMSO)

Maximum antioxidant capacity (TAC) 51.97 μM Kkokali et al. (2020)

Total phenolic compounds (TPC) 6.70 mg gallic acid 
equivalents (GAE)/g

Recovery of carotenoids 0.48 mg/g PS

Cultivation in media with and without wastewater Carotenoids Residual water 0.832 mg/L Khatoon et al. (2018)

Total Carotenoids in Conway + wastewater 0.681 mg/L

Conway Medium Carotenoids alone 0.649 mg/L

Bread extract made from Tetraselmis chuii Total phenols 0.11 mg/g GAE Nunes et al. (2020)

Antioxidant capacity 3.22 mg/g Vit. C

Microencapsulation of biomass and spray drying Total Carotenoids 76.5 μg/g Bonilla et al. (2018)

Carotenes 1 038.8 μg/g

Total phenolic compounds 46.2 mg/g GAE

Antioxidant capacity 7.5 mg/g Vit. C

Culture in enriched seawater Ascorbic acid 1.264 mg/g Yusof et al. (2021)

α-Tocopherol content 12.840 mg/g
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chuii increase with continuous exposure to light for 
8 days when exposed to 12:12 and 24:0 h light/dark cycles 
at 24 ± 2 °C (Yusof et al. 2021).

The ideal culture medium also contributes signifi-
cantly to a better antioxidant yield of the microalgae. As 
mentioned above, for Tetraselmis chuii, the best culture 
media in decreasing order are wastewater medium, Con-
way medium + wastewater and Conway medium alone, 
allowing better recovery of carotenoids (Khatoon et  al. 
2018).

The application of the antioxidant capacity of Tet-
raselmis chuii in foods is viable and can have a beneficial 
effect on human health. In this sense, fresh biomass of the 
microalgae was added to the bread formulation, resulting 
in a functional food with antioxidant capacity, and with 
changes in important technological measures such as the 
replacement of gluten, the addition of 4% fresh biomass 
allowed the bread to have considerable total antioxidant 
capacity and total phenolic content (Nunes et al. 2020).

Antimicrobial capacity of Tetraselmis chuii
The microalga Tetraselmis chuii has antimicrobial effects 
on Listeria monocytogenes CECT 935 and Enterococcus 
faecalis CECT 481 when an ethanolic extract of fresh 
biomass is used; however, its effectiveness against Escher-
ichia coli and Salmonella enterica, has not been proven. 
Like other species of the Tetraselmis genus, Tetraselmis 
sp. Z3 and Tetraselmis sp. C6 has demonstrated antimi-
crobial efficacy against gram-negative pathogens (Salmo-
nella Typhimurium, Escherichia coli and Pseudomonas 

aeruginosa) and Gram-positive pathogens (Bacillus sub-
tilis, Staphylococcus aureus and Enterococcus faecalis), 
with important inhibition zone diameter values, such 
as those shown in Table 6, when the extract is ethanolic 
(Fajardo et al., 2020; Grubišić et al. 2022).

However, there was also a salvageable antimicrobial 
capacity for pathogens when the extract used for the 
study was methanolic. Additionally, the extract shows 
efficacy against Pseudomonas fluorescens and Vibrio har-
veyi (Salim et al. 2018).

As marine microalgae are food for rotifers, they can 
be used as subjects to study the antimicrobial capac-
ity of microalgae. In this context, Tetraselmis chuii has 
been shown to have a bactericidal effect on the pathogen 
Vibrio harvey when it infects rotifers (Farisa et al. 2019).

Mechanism of the antimicrobial activity of Tetraselmis chuii
The ester groups, benzene, 9-hexadecenoic acid and 
fatty acids present in Tetraselmis chuii, provide the spec-
trum to inhibit the growth of bacteria, since they inhibit 
enzymes, interfere with the binding protein, form a com-
plex with the cell wall, generate substrate loss and alter 
the permeability of the cell membrane; (Fig.  4) all this 
results in the cell death of pathogenic microorganisms 
(Maligan and Widayanti, 2013).

Mechanism of the antioxidant activity of Tetraselmis chuii 
and Isochrysis galbana
Alpha-tocopherol is a highly abundant antioxidant in the 
microalgae Tetraselmis chuii and Isochrysis galbana, this 

Table 6  Antimicrobial Capacity of Tetraselmis chuii 

Method Inhibited microorganism Inhibition Halo (mm) / 
Presence or Absence of 
inhibition zone

Author

Extract with Solvents Diffusion in Agar Tetraselmis chuii—
fed rotifer extract Kirby -Bauer method

Listeria monocytogenes CECT 935 ( +) Fajardo et al. (2020)

Enterococcus faecalis CECT 481 ( +)

Escherichia coli (−)

Salmonella enterica (−)

Vibrio harveyi 7 Farisa et al. (2019)

Extract with Solvents Disk Broadcast Escherichia coli 26.05 Grubišić et al. (2020)

Salmonella typhi 20

Pseudomonas aeruginosa 17

Bacillus subtilis 10

Staphylococcus aureus 22

Enterococcus faecalis 18

Candida utilis 7

Extract with Solvents Surface Sowing (In methanol 
extract)

Staphylococcus aureus 9 Salim et al. (2018)

Escherichia coli​ 10.5

Extract with Methanol Disk Broadcast Pseudomonas fluorescence 4.2 Widowati et al. (2021)

Vibrio harveyi 3
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molecule is a chain-breaking molecule capable of sup-
pressing 1O2, and O2 • − and inhibiting lipid peroxidation 
by blocking the development of reactive oxygen species, 
which implies the inhibition of low-density lipoprotein 
oxidation (Fig. 5) (Yusof et al. 2021).

Isochrysis galbana
Generalities
Isochrysis galbana is a microalga that has ovoid morphol-
ogy, with a size ranging between 5 and 7 μm. It also has 
two flagella, and it has been proven to be highly rich in 
docosahexaenoic acid (DHA), a bioactive component 
that is beneficial for the growth and development of 
marine fish larvae. It is considered an outstanding marine 
microalga because it contains a wide variety of active 

biomolecules of interest, such as lipids, antioxidants and 
DHA. Due to the presence of DHA, this alga can be used 
in aquaculture and as a fuel source (Medina et al., 2019).

Isochrysis galbana is a species of Haptophyta that has 
been widely used for years as food for bivalve larvae, 
which is currently an important part of the aquaculture 
industry. Furthermore, this microalga continues to be 
investigated due to its high content of bioactive sub-
stances, such as antioxidants, carotenoids and fucoxan-
thin, and it has a chloroplast whose genomic sequence 
was published in 2020 (Fang et al. 2020).

Antioxidant capacity of Isochrysis galbana
The sowing and harvesting method influence the num-
ber of antioxidants that can be recovered from marine 

Fig. 4  Antimicrobial action mechanism of the microalgae Tetraselmis chuii 

Fig. 5  Antioxidant action mechanism of the microalgae Tetraselmis chuii and Isochrysis galbana 
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microalgae. Electroflocculation decreased the antioxi-
dant properties of methanolic extracts from the Bacil-
lariophyceae marine microalgae Isochrysis galbana, and 
Phaeodactylum tricornutum; however, compared with 
the traditional centrifugation method, electrofloccula-
tion did not decrease the number of antioxidants in the 
algae biomass, while the centrifugation method did affect 
it (Ramos et al. 2020).

When supercritical fluids are used for extraction, 
favorable results are obtained (Table 7). In this case, the 
main challenge is to establish the optimal extraction 
conditions. However, when working with Isochrysis gal-
bana, a concentration of ethanol is recommended 8% v/v 
of ethanol, a pressure of 40 MPa and a moderately high 
temperature of 50 °C (Ruiz et al., 2020).

Two of the most used methods are extraction in water 
and ethanol. Better results have been shown in the 
extraction process when the extraction is carried out with 
ethanol since the values of total polyphenols, laminarin 
content, coenzyme Q10, fucoxanthin and β-carotene 
increase in this extract (Matos et al. 2019).

The amount of antioxidants and the antioxidant capac-
ity can be directly associated with the biological nature 
of the specimen, since when comparing the ethanolic and 
aqueous extracts of Mychonastes homosphaera (formerly 

Chlorella minutissima), Dunaliella salina, Isochrysis gal-
bana, Nannochloropsis oculate, and Tisochrysis lutea. 
Under the same experimental conditions, it was observed 
that Isochrysis galbana presented a higher total phenolic 
content (TPC), and DPPH content, higher radical scav-
enging activity, higher iron chelating activity (ICA), and 
greater ferric reducing antioxidant power (FRAP) in the 
methanol extract (Andriopoulos et al. 2022).

Although research on the antioxidant properties of 
Isochrysis galbana in foods is scarce, its application in the 
formulation of canned fish burgers has provided accept-
able values of chlorophyll and phycocyanin, resulting in 
a functional food with very effective antioxidant capacity 
compared to Mychonastes homosphaera (formerly Chlo-
rella minutissima) and Picochlorum sp. (Chlorophyta), 
which demonstrated lower antioxidant values (Atitallah 
et al. 2019).

Antimicrobial capacity of Isochrysis galbana
Isochrysis galbana has demonstrated greater effective-
ness against of the pathogenic microorganisms Listeria 
monocytogenes, Staphylococcus aureus, Bacillus subtilis, 
Clavibacter michiganensis, Staphylococcus epidermidis, 
Enterococcus faecalis, Escherichia coli, Pseudomonas 
aeruginosa, Staphylococcus aureus, and Bacillus subtilis 

Table 7  Antioxidant capacity of Isochrysis galbana 

Method Compound/ indicator Result Author

Harvest by Electro-flocculation Thin layer chromatography (TLC) Dimension 
of expressive reactive bands

24 and 26 mm Ramos et al. (2020)

Ethanolic extract Total phenolic contents 515 mg GAE/100 g dry weight Matos et al. (2019)

Β-carotene 13.6 µg/g

Coenzyme Q10 2 µg/g

Fucoxanthin 246.3 µg/g

Aqueous extract Total phenolic contents 6.49 mg GAE/L Andriopoulos et al. (2022)

DPPH Radical scavenging activity (RSA 
DPPH)

0.98 mg Trolox equivalent per g dry matter

Aqueous extract Greater ferric reducing antioxidant power 
(FRAP)

19.04 mg Trolox equivalent per g dry matter Andriopoulos et al. (2022)

Extraction with supercritical 
fluids (ethanol) and Behnken 
Design

Total carotenoids content 15.33 mg/g Domínguez et al. (2020)

Total carotenoids recovery 62.85% w/w

Total phenolic content 157.16 mg GAE/g

Antioxidant activity (TEAC method, trolox 
equivalents antioxidant capacity method)

0.31 mmol

Fatty acid identification and quantification, 
a standard fatty acid methyl ester (FAME)

7.19 mg/g

Extract from canned fish burg-
ers collaborated with Isochrysis 
galbana

Chlorophyll 23.28 mg/100 g Atitallah et al. (2019)

Phycocyanin 0.45 mg/100 g by dry matter

Carotenoids 12.5 mg/100 g
by dry matter

Free radical scavenging activity 56%

Reducing power 0.75
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compared with Scenedesmus microalgal sp. NT8c, Chlo-
rella sp. FN1 and Nannochloropsis oculate (Alsenani et al. 
2020; Putra et al. 2022).

When Isochrysis galbana is compared with other speci-
mens of the genus Isochrysis, such as Isochrysis litoralis, 
Isochrysis maritima and Isochrysis galbana demonstrates 
greater antimicrobial capacity against, Escherichia coli, 
Pseudomonas aeruginosa, Staphylococcus aureus, Can-
dida albicans and Aspergillus niger (Garcia & Del Rio, 
2022).

The antimicrobial capacity of this alga is attributed to 
the presence of bioactive lipids, carotenoids, and phe-
nolic compounds; such as, linoleic acid, oleic acid, doc-
osahexaenoic acid (DHA), and eicosapentaenoic acid 
(EPA). Likewise, the antimicrobial capacity is also influ-
enced by the type of extraction, since when the Isochry-
sis galbana extract is made in ethanol, better efficacy is 
obtained against the pathogen Listeria monocytogenes 
CECT 935, and for Enterococcus faecalis CECT 481 
(Table 8) (Alsenani et al. 2020; Garcia & Del Rio, 2022).

Mechanism of the antimicrobial activity of Isochrysis 
galbana
The antimicrobial activity of Isochrysis galbana against 
pathogenic microorganisms depends on several factors, 

the composition of the bacterial membrane, the resist-
ance capacity of yeasts, the structure of the polysaccha-
rides, the degree of branching and the degree of sulfation. 
It is hypothesized that the polysaccharides present in 
Isochrysis galbana inhibit the growth of fungi by react-
ing with enzymes present in the hyphae and altering their 
main biological functions (Ben et al. 2017).

Future challenges
Applicability of antimicrobial bioactive compounds 
from microalgae to the food industry
As shown in the previous sections, microalgae extracts 
contain important bioactive compounds, some of which 
have the capacity to provide antimicrobial effects. 
Although the biological activities of each of the algae 
described is proven in isolation, they have a relatively 
limited antimicrobial effect. Therefore, a research topic of 
interest would be the study of the synergistic effect of the 
antimicrobial and antioxidant capacity when the extracts 
of the three are combined. Microalgae analyzed in this 
review, since bibliographic research shows that they have 
only been studied separately, which could enhance their 
effect and could be used as a natural antimicrobial addi-
tive in products developed in the food industry.

Table 8  Antimicrobial Capacity of Isochrysis galbana 

Method Inhibited microorganism Inhibition Halo (mm)/ Minimum inhibitory 
concentration/ Absence or Presence of 
Inhibition Halo

Author

Extract with ethanol disk broadcast Listeria monocytogenes 19.67 Alsenani et al. (2020)

Staphylococcus aureus 20

Bacillus subtilis 19.33

Clavibacter michiganensis 16.33

Staphylococcus epidermidis 18.33

Enterococcus faecalis 18.33

Extract By centrifugation diffusion on disco Escherichia coli 9.99 Putra et al. (2022)

Pseudomonas aeruginosa 9.09

Staphylococcus aureus 9.96

Bacillus subtilis 8.38

Extract with ethanol minimum inhibitory 
concentration

Escherichia coli mg extract per mL culture)7.26 Garcia & Del Rio (2022)

Pseudomonas aeruginosa  > 10.00

Staphylococcus aureus  > 10.00

Candida albicans 6.10

Extract with solvents diffusion in agar Listeria monocytogenes ( +) Fajardo et al. (2020)

Enterococcus faecalis ( +)

Extract with ethanol Listeria monocytogenes 19.67 Alsenani et al., (2020)

Staphylococcus aureus 20.00

Clavibacter michiganensis 16.33

Staphylococcus epidermidis 18.33

Enterococcus faecalis 19.33
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Furthermore, antimicrobial capacity studies of these 
microalgae have been carried out only on extracts 
obtained from fresh biomass, and their application in 
food products has not been investigated since they have 
not been used as an ingredient or additive in food for 
human consumption. This is reflected in the lack of infor-
mation evaluating the antimicrobial capacity of microal-
gae in foods. Nor has the use of biomass been explored 
in another form of use; perhaps the most extensive is the 
use of extracts, but it does not refer to the possible use 
of pulverized, freeze-dried microalgae in tinctures, and 
other presentations which would allow greater versatility 
in its use.

Although the low use of bioactive compounds from 
microalgae could be associated with the lack of stud-
ies evaluating the toxicity of microalgae, they have been 
studied in vitro and in vivo in brine shrimp, fish, labora-
tory rats and tomato and pumpkin plants, suggesting that 
their consumption is safe.

Another possible cause that limits the use of microal-
gae as an antimicrobial additive is the fact that in research 
evaluating biological activity, identification, isolation and 
extraction studies of the molecules that provide antimi-
crobial effects have not been carried out.

Only one of the studies included in this review reports 
the identification of the molecules to which the antimi-
crobial capacity is attributed. In the study carried out by 
Jafari et  al. (2018), linoleic acid, oleic acid, docosahex-
aenoic acid (DHA) and eicosapentaenoic acid (EPA) 
are mentioned as the compounds responsible for the 
antimicrobial activity, and in turn, the analysis of these 
compounds in isolation would be required to guarantee 
their effectiveness and safety when used in food industry 
products.

Despite the limitations, the application of antimicrobial 
bioactive compounds from microalgae in the food indus-
try is feasible; however, many more specific and in-depth 
studies are still required in foods for human consumption 
because of the current underutilization of the microbial 
bioactive potential of microalgae, at least in the food 
industry.

Potential use of antioxidant compounds from microalgae 
in the development of functional foods
The development of functional foods has been a growing 
topic in recent decades; however, research has focused 
only on fruits and vegetables as its main source, ignoring 
other matrices such as marine microalgae, which consti-
tute a rich, innovative and natural source of antioxidants.

As evidenced in the compilation of research on the 
antioxidant capacity of Dunaliella salina, Tetraselmis 
chuii and Isochrysis galbana, they present a series of bio-
active compounds that include carotenes, carotenoids, 

chlorophyll a, chlorophyll b, fucoxanthin, phycocyanin, 
α-tocopherol, coenzyme Q10, ascorbic acid, and sub-
stances that are widely used in the food industry and in 
the development of functional foods.

These compounds come from matrices that have 
already been widely studied, such as vegetables and 
fruits; however, the application of these molecules when 
they are extracted from marine microalgae is still limited 
in the food industry.

In addition, research and innovations in functional 
foods have focused especially on products from the dairy 
industry, such as yogurts, milk, and dairy drinks, when 
the antioxidant properties of microalgae are applicable in 
bakery products, where they not only improve the bioac-
tive characteristics of the product but also improves the 
technological characteristics of the product. For exam-
ple, in the study carried out by Nunes et  al. (2020), the 
replacement of gluten in traditional bread was achieved 
by adding powdered Isochrysis galbana, which is used 
to develop a food that is nonallergenic, innovative and 
beneficial to human health. Likewise, it could be used in 
the meat industry since; according to the research, a fish 
burger was developed with the addition of Tetraselmis 
chuii powder, which has antioxidant properties.

Legislation for microalgae
World legislation
Regarding the legislation on the use of marine microalgae 
at the macro level, it is known that the incorporation of 
a species or its extracts in the development of products 
in the food industry at the European level is regulated by 
the Regulation on Novel Foods. This regulation applies 
to those species that have not previously been used as 
food or as an ingredient in a food product to a significant 
degree in the countries that are members of the Euro-
pean Union before May 15, 1997; this legislation includes 
marine microalgae (Lucakova et al. 2022).

When working with marine microalgae and intending 
to introduce them to the food market, algae must be sub-
jected to authorization procedures so that their safety for 
human consumption can be guaranteed. Such authoriza-
tion is required in the Regulation (EC) of Parliament. and 
European Council No 258/97 (Araújo et al. 2021).

The US Congress, in the Farm Bill, issued and rede-
signed in 2018, encourages researchers and experts in 
the area of cultivation and development of marine micro-
algae to include these microorganisms as agricultural 
products, meaning that currently, the Department of 
Agriculture (USDA) supports and allows the agricultural 
and laboratory cultivation of marine microalgae, in turn 
encouraging research programs and generating new mar-
kets for these species and the products made from them 
(CAESPA 2018).
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The European Union, through Regulation (EU) 
2017/2470, maintains an online list, which is updated 
automatically according to the respective approvals, 
where a catalog of new foods is displayed. This legisla-
tion also applies to microalgae intended to be used as 
food or as an ingredient in food and includes six microal-
gae: Arthrospira platensis (Cyanobacteria), Jaagichlorella 
luteoviridis (formerly Chlorella luteoviridis), Auxeno-
chlorella pyrenoidosa (formerly Chlorella pyrenoidosa), 
Chlorella vulgaris, Chlamydomonas reinhardtii (Chlo-
rophyta), and Spirulina sp. (Cyanobacteria) (Lucakova 
et al. 2022). As we can see, European legislation does not 
yet include the microalgae Dunaliella salina, Tetraselmis 
chuii and Isochrysis galbana on the list of permitted 
foods and ingredients, so without a doubt, much research 
is still required regarding their use of these organ-
isms in the food industry, which guarantees and proves 
their safety for human consumption, relying on clinical, 
in vitro and in vivo studies.

In Australia and New Zealand, regulations on new 
food products or their ingredients, which include marine 
microalgae, are included in the category of foods and 
new food ingredients regulated in “Standard 1.5.1 Foods” 
of the Food Standards Code, from Australia and New 
Zealand. For example, in Japan, the Ministry of Health, 
Labor, and Welfare is the one that defines the specifica-
tions and standards for food additives, where the food 
additives approved under that context are reported. It is 
known that in Asian countries, species of the family of 
Chlorella microalgae are authorized for use as food addi-
tives: they provide color and flavor and enhance flavor, 
like the phycocyanins of Arthrospira sp., the carotene of 
Dunaliella salina, and the pulverized microalga Haema-
tococcus lacustris (formerly Haematococcus pluvialis) 
(Chlorophyta), which is used as a dye (Matos et al. 2019).

Regional legislation
In the Second Territorial Report of the Technological 
Innovation Surveillance Unit of Argentina, the new bills 
and research promoted by the Honorable Chamber of 
Deputies of the Nation and Senators of the Nation were 
presented regarding the use of algae and microalgae in 
agricultural areas and with a special focus on their use to 
produce biodiesel (UVIT, 2016).

Continuing in the context of Argentina, the law regu-
lating the exploitation of seaweed on beaches and the 
entire provincial territorial sea issued by the Provincial 
Legislative Power, Law 3273, which sets out regulations 
to comply with to be complied the extraction, exploita-
tion and use of said specimens due to the 2012 Santa 
Cruz Provincial Legislative Branch.

In Peruvian Ministerial Resolution No. 211-2009, arti-
cle 3 authorizes the collection and storage of stranded 

specimens of algae of the genus Macrocystis (sargassum, 
buoyant or balls) and Lessonia (aracanto or palo), if the 
collector abides by the measures. conservation of sea-
weed species, according to the regulations of the Peru-
vian Sea Institute of 2009.

Resolution 0942 of the Ministry of Environment and 
Sustainable Development of Colombia authorizes the 
use of marine algae and microalgae for research pur-
poses upon request and analysis through an intermedi-
ary of an academic institution of higher education only 
for the period during which this research was carried out 
according to the Colombian Mining Association.

The Ministry of Economy, Development and Tourism 
of Chile, in Law 20925, Creates a Bonus for the Repopu-
lation and Cultivation of Algae, with the objective of gen-
erating an increase in the existing biomass of algae and 
microalgae due to its ecological relevance and economy 
in the national territory for those individuals or associa-
tions that carry out activities that allow the recovery of 
said specimens in the intervention areas.

National legislation
In the Instructions for the General Regulations to Pro-
mote and Regulate Organic—Ecological—Biological Pro-
duction in Ecuador, in the section on cultivation of wild 
algae, articles 62 to 66, the conditions that allow the cul-
tivation, collection and use of algae and microalgae, in 
the agricultural field. However, no current regulations 
or legislation that specifically regulate the use and appli-
cation of marine microalgae at the local level have been 
identified.

Conclusions
Microalgae extracts contain many bioactive compounds. 
Despite there being studies that have evaluated the 
antimicrobial and antioxidant capacities of the micro-
algae extracts cited in this review, these studies present 
research gaps in terms of their synergistic antimicrobial 
and antioxidant effects of more than one microalga, and 
they have been analyzed only in the form of extracts from 
fresh biomass, leaving aside other forms of use.

Additional studies to identify bioactive molecules have 
not been carried out. A more relevant aspect that lacks 
studies is the lack of application of both the bioactive 
properties of marine microalgae as a functional ingre-
dient and as a natural additive in foods for human con-
sumption and in the food industry in general.
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