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Abstract: The species of green macroalga belonging to the genus Ulva (family: Ulvaceae) are utilized
in various fields, from food supplements to biomedical applications. Ulvan, a polysaccharide
obtained from various Ulva species, has shown various biological activities, including antioxidant,
anti-inflammatory, anticancer, antibacterial, and antiviral activities. To obtain the polysaccharide
ulvan that can be utilized in various fields, it is necessary to understand the critical points that
affect its physicochemical nature, the extraction procedures, and the mechanism of action for
biological activities. This article discusses the physicochemical properties, extraction, isolation and
characterization procedures and benefits in food and biomedical applications of ulvan. In conclusion,
ulvan from Ulva sp. has the potential to be used as a therapeutic agent and also as an additional
ingredient in the development of tissue engineering procedures.
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1. Introduction

The species of green macroalga belonging to genus Ulva (family: Ulvaceae) are utilized in various
fields, from food supplements to biomedical applications. This marine plant is often developed as a
food source of natural fiber, as an additional ingredient in the production of biomass fuels, and as a
pharmaceutical supplement. Ulvan is a major polysaccharide that is present in Ulva sp. [1] Ulvan is
reported to comprise from 9% to 36% of the dry weight biomass of the cells of Ulva sp. [2]. Lahaye et al.
reported that the ulvan yield ranges from 8% to 29% of the dry weight of algae based on the extraction
and purification methods [3]. It is built on two main repeating disaccharides, type A ulvanobiuronic
acid 3-sulfate (A3S) and type B ulvanobiuronic acid 3-sulfate (B3S) [2–8]. Ulvan is widely used as a food
additive and several studies have examined its therapeutic benefits [7–9]. New developments will aim
to utilize ulvan from various Ulva species as an active ingredient or as an additive to deliver active
ingredients in therapeutic preparations [10]. Several studies have indicated that ulvan has optimal
physicochemical properties and active ingredients that can serve as therapeutic biological agents.
There is a growing interest in research related to the extraction, purification, characterization, and food
and biomedical application of ulvan polysaccharides. A Scopus search (www.scopus.com, accessed on
19 July 2020) with the term “Ulvan” resulted in 269 publications and most of them were published
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after 2010 (Figure 1). However, to obtain ulvan as a raw material, various procedures are needed for
the extraction and physicochemical characterization. It is also essential to explore the potential of
utilization of ulvan in the food and biomedical industry. Thus, the main aim of this article is to critically
review the available scientific information related to the extraction, isolation, purification methods,
characterization, pharmacokinetics, and biological activities of ulvan from Ulva species with particular
focus on Ulva lactuca. It also explores the future potential of ulvan for food and biomedical applications.
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In line with some beneficial flora, seaweed has been widely analyzed by the scientific 
community for the benefits of promoting their health. With increasing interest in nutraceuticals and 
functional foods, seaweed is progressively being considered, where they provide many functions 
ranging from simple nutrition improvement to complex physiological mechanisms. U. lactuca as 
green seaweed has been widely used as a food ingredient and nutraceutical agent because it contains 
high polysaccharides and natural fiber ingredients [11]. 

Ulva sp. as a nutraceutical agent can be utilized as food that shows beneficial physiological 
functions, improves well-being, and reduces the possibility of suffering from certain diseases, such 
as, inflammatory disorders [12], cancer [13], antibacterial [14], and virus infections [15,16]; and also 
act as an immunomodulating [17] and hypolipidemic agent [2,18]. It is widely believed that these 
functions are preventive rather than curative. Functional or nutraceutical foods are often obtained 
from traditional sources that are rich in bioactive agents such as Ulva sp. which are known for their 
health-promoting actions. Besides, new types of functional products originating from seaweed have 
recently been developed and studied extensively. Sometimes, these types of products are taken as 
whole foods or as dietary supplements, and most are sold as pills or tablets. It is recommended that 
seaweed contains many biologically active components, which can be used as therapeutic agents in 
food supplements [19]. Ulva sp. has become an ingredient that can be used to overcome daily life 
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2. Methodology

This review comprises literature obtained from Scopus, PubMed, and Google Scholar using the
keywords “ulvan extraction from Ulva”, “ulvan isolation from Ulva”, “characterization ulvan from
Ulva”, “cytotoxicity of ulvan from Ulva”, “antioxidant activity of ulvan”, “anti-inflammatory activity
of ulvan from Ulva”, “anticancer activity of ulvan from Ulva”, etc.

3. Traditional Uses of Ulvan from Ulva sp.

In line with some beneficial flora, seaweed has been widely analyzed by the scientific community
for the benefits of promoting their health. With increasing interest in nutraceuticals and functional
foods, seaweed is progressively being considered, where they provide many functions ranging from
simple nutrition improvement to complex physiological mechanisms. U. lactuca as green seaweed has
been widely used as a food ingredient and nutraceutical agent because it contains high polysaccharides
and natural fiber ingredients [11].

Ulva sp. as a nutraceutical agent can be utilized as food that shows beneficial physiological
functions, improves well-being, and reduces the possibility of suffering from certain diseases, such as,
inflammatory disorders [12], cancer [13], antibacterial [14], and virus infections [15,16]; and also
act as an immunomodulating [17] and hypolipidemic agent [2,18]. It is widely believed that these
functions are preventive rather than curative. Functional or nutraceutical foods are often obtained
from traditional sources that are rich in bioactive agents such as Ulva sp. which are known for their
health-promoting actions. Besides, new types of functional products originating from seaweed have
recently been developed and studied extensively. Sometimes, these types of products are taken as
whole foods or as dietary supplements, and most are sold as pills or tablets. It is recommended that
seaweed contains many biologically active components, which can be used as therapeutic agents in
food supplements [19]. Ulva sp. has become an ingredient that can be used to overcome daily life
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problems. For example, the use of U. linza as food and biomedical additives [20]. In other studies,
U. intestinalis and U. rigida are widely used as therapeutic agents for anti-bacterial and anti-viral
drugs [15].

4. Chemical Aspects of Ulvan from Ulva sp.

4.1. Chemistry and Physicochemical Properties

Ulvan mainly consists of cellulose, xyloglucan, and glucuroran with other various types of
sugars. It has a low content of mannose, galactose, and arabinose [10,21]. Ulvan is mainly built on
a repetitive sequence of disaccharides that consist of rhamnose sulfate, uronic acid, iduronic acid,
or xylose. The two main repeating disaccharides are aldobiuronic acids, which are designated as type
A ulvanobiuronic acid 3-sulfate (A3S) and type B ulvanobiuronic acid 3-sulfate (B3S) (Figure 2) [2,3,22].
In addition to the polysaccharide content, there are also other contents such as protein around 1–3% and
fatty acids less than 1% [10,22,23]. The physicochemical properties of the active components contained
in ulvan—hydration, polarity, swelling, and viscosity—are related to stability and physiological effects.
These properties will depend on the extraction process.
Appl. Sci. 2020, 10, 5488 4 of 21 
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Ulvans from U. pertusa and U. rigida show a multimodal distribution by gel permeation
chromatography. In addition, the major fraction of ulvans are distributed as a single polydispersed
population on gel permeation chromatography. The polymolecularity was due to linear xyloglucan
structure of ulvans [24,25]. Ulvan extracted from U. lactuca contains polysaccharides that can be
used as natural fibers or matrix; they can also be modified for other purposes, including as part of
a composite [26]. Ulvan is also used as a substitute for Avicel, a polymer that contains cellulose.
Ulvan has the same characteristics as Avicel in terms of thermal stability (degradation at 360–365 ◦C) [21].
Ulvan has a soluble fiber content of around 15.8% and an insoluble fiber content of 24.2%; the total
fiber content is around 36.6–44.6% [27].

In a study conducted by Yaich et al., ulvan extracted using alcohol at pH 1–2 and a drastic
temperature (80–90 ◦C) produced 20.37–23.60% uronic acid and 20.09–29.12% sugars. A reduction
in molecular weight was influenced by a more acidic pH and altered extraction time [22,28,29].
The process of dissolving the fiber is influenced by pH: At pH 3, the insoluble fiber content is around
5.5%, while at pH 7, the insoluble fiber content is 7.5%. The pH also affects the zeta potential: the higher
the extraction pH, the lower the zeta potential produced (with a range of −15 to −35) [10]. Ulvan has a
low viscosity [22].

When analyzing the distribution of macromolecules using high performance size exclusion
chromatography (HPSEC), there are two main distributions: population A, with a molecular weight
of 7.21 × 102 kDa; and population B, with a molecular weight of 2.25 × 102 kDa. Some studies
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stated that the differences in molecular weight was due to selection of the extraction method and
parameters [22,30]. Based on several parameters, ulvan content is markedly degraded at 360 ◦C [29].

Ulvan extracted has a moisture content > 90% [21]. Another study stated that a film with U. lactuca
polymer is stable between −50 to 250 ◦C [10]. Yields resulting from acid extraction decrease when
constant pH and temperature are used. Yields will increase with increasing extraction pH at a constant
temperature [22]. The polysaccharides in ulvan have a strong ligand bond, a factor that may provide a
therapeutic effect [31].

Ulvan can be employed in various fields, one of which is pharmaceutical formulation. Ulvan can
be used as a polymer because of its high polysaccharide content [29]. In formulating ulvan to be used
as a polymer in pharmaceutical products, the extraction procedures, pH, temperature, and choice
of solvent(s) must be carefully considered to produce a good quality product that can serve an
active ingredient.

4.2. Extraction

In general, there are two types of extraction: acid and enzyme. The quantity and quality of
extracted ulvan are influenced by the extraction procedure and the selection of the solvent used for
extraction. The extraction procedure has several parameters such as pH, temperature, and mechanical
movements that determine the amount of obtained extract and metal content [32]. Acid extraction
causes almost complete desulfation of isolated ulvan while purifying enzymatic methods maintain a
significant SO3 substituent level [33]. Several Ulva sp. has been studied for their extraction methods in
the last five years. For instance, to increase the purity of the ulvan, U. ohnoi is extracted at 90 ◦C with
a pH of 2.2 [34]. To increase the purity of the ulvan from U. ohnoi, salt removal can be done by the
ultrafiltration method [35]. In addition, ulvan from U. fasciata is extracted twice using distiled water
and then doing the oxidation process for 72 h [36]. To improve the quantity of ulvan, extraction of
ulvan from U. pertusa is carried out with hot water followed by alcohol precipitation [37]. The latest
method is extraction with the one freeze-dried method [14]. In the extraction of ulvan from U. prolifera
by enzyme method, to catalyze the initial depolymerization step of ulvan, ulvan lyase can be obtained
from fermentation of Catenovulum sp. [38].

The choice of extraction method generally depends on the physicochemical properties of ulvan,
which can interact with components of the cell wall when it comes in contact with a solvent [39,40].
The many active components contained in ulvan that can be obtained through the extraction process
are polysaccharides (starch, cellulose, xyloglucan, and glucoronan); other components such as protein,
lipids, minerals, and secondary metabolites can be obtained by co-extraction. This review specifically
describes ulvan extraction from U. lactuca that provides a high yield, high selectivity, and low
degradation [2].

Extraction with pure distilled water is the most widely used method [41,42]. This procedure
provides ulvan that is glucuronic acid, glucose, arabinose, and xylose, with an average yield of
25–40% [22,33,43]. Another extraction method involves adding 0.05–1% hydrochloric acid (pH 1.5 to
2), with an average total yield of 15–45% [10,22,33]. Enzyme extraction utilizes onozula, pectinase
macerozyme, α-amylase, and proteinase K, which are suspended in the buffer. The yield in enzyme
extraction is 15–47% [10,33,44]. This yield has the potential to be improved because there has been
no optimization. In addition to the three widely used methods, other methods include multilevel
extraction, using water followed by NaCO3 and NaOH solvents, with a 3.14–6.50% yield. There is also
a sequential extraction method that involves acidic solutions and ammonium oxalate with an average
ulvan yield [45].

Various methods can be employed to extract ulvan depending on the active component that will
be analyzed. Variations in concentration, pH, and temperature are important parameters to achieve
the desired results. One study compared hot water, NaCO3, and NaOH and reported that the highest
yield is obtained from hot water extraction [46]. The combination of extraction temperature, solvent
pH, and extraction duration influences the yield and quality of extraction (e.g., purity and molecular
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integrity). The higher extraction temperatures allow the greater ulvan dissolution and the lower pH
allows the higher ulvan selectivity. In addition, an increase in extraction duration will increase the
yield of ulvan. However, critical care must be taken to protect the integrity of the ulvan structure.
For example, stability may be decreased at high temperature, low pH, and longer extraction time.
The time duration and the lower pH cause a significant depolymerization of ulvan. Therefore, based on
the available literature data, the extraction conditions for a high extraction yield, a high selectivity,
and a low degradation are at temperature 80–90 ◦C, pH 2–4.5, and 1–3 h duration. Figure 3 provides
an outline of ulvan extraction from Ulva lactuca. It should be noted that the highest yield is obtained in
the third stage—after purification.
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4.3. Isolation, Purification, and Characterization

After the stages of the extraction process are carried out, to obtain crude ulvan and pure
ulvan, isolation and purification steps are needed. In the isolation of the ulvan from the U. pertusa,
the separation was carried out using a column chromatography equipped with a QFF column.
The polysaccharides were eluted with a linear gradient of 0–2 M NaCl at 2.0 mL/min [16]. There is
also isolation using ion column chromatography followed by a depolymerization process on the
U. claratha [47]. In the purification step, fractionation process is carried out such as to obtain ulvan
from U. lactuca and U. compressa [33]. The isolation of ulvan from U. ohnoi using the biorefinery method
has been reported in other studies [48]. Ulvan isolation from U. lactuca is carried out to separate the
desired active components after extraction using a variety of suitable solvents and considering its
physicochemical properties.

Ulvan isolation separates the polysaccharide components, including uronic acid, sulfated
molecules, and sugar components [49,50]. The isolation process can be carried out by dissolving
the extract in water, centrifuging at 8000 rpm, and then separating on a diethylaminoethyl
(DEAE)-Sepharose fast flow column (5 × 2 cm). It can then be fractionated using sulfuric acid:
The higher the concentration of sulfuric acid used, the higher the sulfate content obtained [27].
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One study utilized acetone for sulfate fractionation; the sulfate concentrations were 1.07–11.17% [51].
In another study, the sulfate content was 2.21%, in which there was a high content of free sulfate (54%)
and total sugar content (15%) [52]. Isolation of sulfated polysaccharides is carried out with NaOH at
90 ◦C; there was 17.6% sulfate isolation [53]. The next process is to purify the active components in the
multicomponent ulvan into a single component. This review will focus on the purification method and
the number of active components obtained [2].

The isolation process will vary depending on a laboratory/factory capabilities and availability or
raw material and resources. Extraction yields a crude extract that is purified using a vacuum to remove
residual solvents [31]. Another study isolated the ulvan component using 2 N HCl solvent reflux in
methanol for 2 h, followed by separating the solvent using vacuum chromatography, then purified
the extract using preparative thin layer chromatography (TLC) [13]. Isolation can also be done
with dimethyl sulfoxide (DMSO), while other studies have isolated bacteria from algae with the
loop inoculation method [54,55]. Saccharide components, such as glucuronic acid oligosaccharides,
have been isolated using acid precipitation after hot water extraction with sodium oxalate [55].

In practice, an optimal strategy for extraction, isolation, and purification procedures should
consider the available resources so that the process can be selective and effective. It can also
concentrate on evaporation, purification using dialysis, and isolation with precipitation. In resource-rich
situations, selective acid extraction is ideal, although less selective extraction processes can be tolerated,
with concentration and diafiltration with ultrafiltration. Purification can then be carried out using
anion exchange chromatography, and lyophilization or spray drying to isolate pure ulvan.

Characterization determines the polysaccharide structure obtained from the extraction, purification,
and isolation processes. As mentioned above, the ulvan polysaccharides have various monosaccharides,
namely rhamnose, arabinose, xylose, mannose, glucose, and galactose [56].

Before advanced ulvan characterization, thermogravimetric analysis (TGA) is used to determine
the percent of product loss due to extraction [57]. TGA can also reveal the effect of the extraction
temperature on the quality of ulvan obtained. For the first stage of ulvan extraction, temperatures
below 160 ◦C are associated with initial mass loss due to moisture volatilization [22]. Analysis of
the structural content in ulvan is mostly done by a turbidimetric assay. Specific structural analyses
employ chromatographic methods, such as high-performance liquid chromatography, coupled with
conductivity or Fourier transform infrared (FTIR) spectroscopy [58,59]. FTIR spectra of dry cellulose
fractions show peaks in the range of 400–600 cm−1 at room temperature [53,57]. There are absorption
bands at 3412, 1645, 1251, 1080, and 852 cm−1 caused by hydroxyl groups, uronic acid, SO stretching
(sulfate) vibrations, CO hand COC glycosidic linkages, and COS sulfate flexural vibrations in the axial
and/or equatorial position (in C-2 or C-3 rhamnose), respectively [58,60].

Some monosaccharide contents have been analyzed using chromatographic techniques, namely gas
chromatography (GC), high performance liquid chromatography (HPLC), and liquid chromatography
(LC) [21,61]. Other studies have employed high performance anion exchange chromatography (HPAEC)
and HPLC to determine the number of monosaccharides contained in ulvan [41,62]. HPAEC determines
the carbohydrate composition and purity of glucose. Most of the carbohydrate content of ulvan is
dominated by glucose and xylose [57]. HPAEC can selectively measure those monosaccharides and
determine the quantity of acid and sugars present in ulvan without further derivatization [63]. GC has
been used to measure volatile compounds contained in ulvan, such as alditol [41]. Bond structures,
link positions, and substitution patterns may be analyzed with a two-dimensional nuclear magnetic
resonance (2D NMR) instrument [41,57,64]. Signals at 65 and 63 ppm correspond to the carbon C-6
in crystals and amorphous regions in cellulose. Strong signals at 76 and 73 ppm correspond to the
carbons C-2, C-3, and C-5 [57]. In addition to the uronic acid component, 2D NMR can analyze
hydrolyzed saccharide fragments. Analysis of sulfate groups can be seen from the resonance of H and
C atoms [22,55].

Molecular weight were analyzed by using size exclusion chromatography (SEC), which can
measure the molecular weight of ulvan. SEC is also used to measure particle size distribution; it is
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performed during the final stages of endoglucanase purification. An SEC is equipped with a refractive
index and ultraviolet (UV) detector [21,65]. X-ray diffraction can be used to determine the crystalline
structure of the obtained ulvan. It typically displays four characteristic peaks of cellulose at 14.6◦,
16.5◦, 22.9◦ and 34.7◦ [66,67].

The important point of characterizing extracted ulvan is to pay close attention to the equipment
components and the time required for analysis. For fast ulvan content analysis, a colorimetric assay
approach can be performed to determine the sugar content, such as uronic acid, rhamnose, and xylose,
as well as the protein content [41]. This colorimetric approach can also be used to quantitatively
determine the sugar content [68]. To analyze the sulfate content, a turbidimetric assay method can
be performed. The combination of two methods, namely chemometric assay and spectral analysis
such as IR, NIR, and NMR, is very effective to quickly and accurately measure single-component
polysaccharides [69].

The biological activity of ulvan can be identified from characterization of spectral analysis such
as IR and NMR, which describe the structural and physicochemical properties of ulvan. Based on
the published literature, sugar content analysis using colorimetric analysis, which provides fast and
accurate results, can be combined with spectral analysis.

5. Current Food Applications, Available Formulation Products, and Future Potential as Food
Ingredient

Ulvan polysaccharides in recent decades have been widely developed in the fields of food,
pharmaceutical, and biomedical applications. The saccharide content that dominates in ulvan can be
developed with promising prospects. Ulvan from U. fasciata was recently developed into an edible film
from SRC. The SRC film was purified through exchange anion and gel permeation chromatography [70].

Recently, ulvan from U. lactuca was successfully investigated as a stabilizer and emulsifier in
colloidal formulations to maintain functional agents for food and cosmetic applications based on their
edible nature with amphiphilic properties [71]. In addition, ulvan can be used as a symbiotic yogurt or
as prebiotics [72].

Ulvan can be used as polymer agents in pharmaceutical formulations. Polymers can be used
as carriers, excipients in pharmaceutical formulations. It is known that the ulvan fiber polymer
from U. lactuca is formulated in a film preparation with a plasticizer combination. Physicochemical
properties and molecular characteristics, showing the existence of typical properties and behavior
of self-aggregation molecules that are not easily found in other natural polymers. In the study of
Guidara [10], proving the feasibility of ulvan is advantageous to be used as a film layer forming
system, with a large scale suitable for various packaging applications. Besides, all films produced have
demonstrated solubility, barrier, optical, and good mechanical properties, which are very important for
biomedical, food, and packaging products [10,29].

6. Biomedical Applications

Ulvan has a variety of biological benefits that has the potential to be used as therapies for human
health. Ulvan contributes a prominent amount of energy when consumed. Indeed, ulvan from Ulva sp.
can be used as a source of metabolism in humans.

Ulvan can be utilized in the field of biomedical application; it is based on the benefits of ulvan
therapy that have been sufficiently studied, as described in Table 1. The strong antioxidant activity in
ulvan is able to make it a therapeutic agent [10,22,28,70] and in subsequent studies, the benefits of ulvan
were investigated to have anti-inflammatory, anti-cancer, immunomodulatory, anti-hyperlipidemic,
anti-bacterial, and anti-virus activities. Ulvan, which is composed most of polysaccharides, has the
potential to be developed in biomedical formulations as polymers in hydrogel formulations [29];
this characteristic of ulvan polysaccharides is similar to that of alginate polymers [73]. Ulvan is also
used in the field of tissue engineering for cartilage combined with poly (D-lactic acid) (PDLLA)[74].
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Table 1. Test objects used to determine the biological activities of ulvan.

Biomedical Applications Test Object Test Type Ref

Antioxidant

2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging in vitro [68,75,76]

Oxygen radical absorbance capacity (ORAC) in vitro [77,78]

Ferric reducing antioxidant power assays; β-carotene linoleic acid
bleaching methods in vitro [75,79]

Erythrocyte-based assays in vitro
[80,81]

AAPH assays in vitro

Nitric oxide in vitro [75]

Cytoprotection against H2O2-induced damage in yeast cells and
zebrafish embryos in vitro [76]

Anti-inflammatory

Mice injected with radicals such as D-Gal (500 mg/kg) in vivo [82–84]

Topical mice ear edema test in vivo [85]

Use of Vero cells (anti-inflammatory effect due to infection) in vitro [86]

Anticancer

HepG2 cells in vitro [31,60,87]

MCF-7 cells in vitro [31,60,88]

Non-cancerous baby hamster kidney (BHK) cells in vitro [60]

Caco-2 cells (human colon cancer) in vitro [88]

LS174 cells (human colon carcinoma) in vitro

[76]
A549 cells (human lung carcinoma) in vitro

Fem-x cells (malignant melanoma) in vitro

K562 cells (chronic myelogenous leukemia) in vitro

NCI-H292 cells (human lung mucoepidermoid carcinoma) in vitro [68]

HeLa cells in vitro [87]

L929 cells (mouse lung) in vitro [89]

Mammalian L6 cells in vivo [90]

Keratinocytes
in vivo [80]

3T3 fibroblasts

Antibacterial

Microcystis aeruginosa (cyanobacterium) in vitro [91]

Escherichia coli, followed by Klebsiella pneumonia, and Salmonella typhi in vivo [92]

Methicillin-resistant Staphylococcus aureus (MRSA) in vitro [93]

Micrococcus luteus in vitro

[77]Brochothrix thermosphacta in vitro

E. coli in vitro

Bacillus subtilis in vitro [94]

Streptococcus lactis in vitro [95]

Pseudomonas putida in vitro [96]

Mycobacterium tuberculosis H37 RV strain in vitro [97]

Antiviral

Japanese encephalitis virus in vivo [98]

Influenza virus in vivo [99]

HA1 subunit of influenza A H1/N1virus in vivo [100]

the matrix of the encephalitis antigen in vitro [101]

Immunomodulating makrofag murine RAW264.7 in vitro [102]

Senegalese sole in vivo [14]

sel makrofag J774A.1 in vitro [103]

Antihyperlipidemic Mice induced malondialdehyde (MDA), superoxide dismutase (SOD),
catalase (CAT), and glutathione peroxidase (GSH-Px) in vitro [18,37]

Anticoagulant

Activated partial thromboplastin time (APTT), prothrombin time (PT),
and thrombin time (TT) in vitro [51]

Mice in vivo [36]

Tissue engineering ulvan can be used in cartilage tissue engineering in vitro and
in vivo [74,104,105]
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6.1. Antioxidant Activity

Antioxidants can be obtained from animals and plants, including U. lactuca. This alga has an
anti-radical capacity by inhibiting lipid peroxidation and increasing the activity of antioxidant enzymes.
Studies have reported that the strong antioxidant activity of ulvan correlates to the degree substitution
of sulfate groups along the polymeric backbone [106].

In 2019 and 2020, several sources of ulvan from Ulva sp were found to have an antioxidant effect;
they include U. lactuca, U. australis, U. rigida, and U. ohnoi [48,107,108]. The antioxidant capacity of ulvan
has been measured using various in vitro systems such as 2,2-diphenyl-2-picryl hydrazine (DPPH)
radical scavenging, superoxide scavenging, ferric reducing antioxidant power (FRAP), hydroxyl radical
scavenging, and lipid peroxidation inhibition assays. Sulfate content and molecular weight have been
reported to play an important role in the antioxidant effects of ulvan from Ulva sp. [68,75,76,79,109].

The DPPH assay is the fastest method to measure antioxidant ability, compared to other methods
that are also commonly used, namely reducing power and superoxide anion radical scavenging
activity [76,102,107,108,110,111]. Notably, using more than one method to assess antioxidant activities
increases the accuracy of the results.

Several studies have compared methods to determine which is more sensitive. Among DPPH,
oxygen radical absorbance capacity (ORAC), FRAP, and β-carotene linoleic acid bleaching methods,
ORAC was most effective for observing changes in peroxide formation [77,78]. The antioxidant power
of ulvan has been compared with other molecules, such as BHA, BHT, and tocopherol. While the
percent of ulvan inhibition (54.9%) was lower than BHA (73.20%) and BHT (69.40%), the differences
were not statistically significant [112]. Based on research conducted for antioxidant testing, it is known
that ulvan from Ulva sp has antioxidative ability, as evidenced by the comparison of several methods
described above. Products from experimental animals have also been used to assess the antioxidant
activity of ulvan, including erythrocyte-based and 2,2-azobis(2-amidinopropane)dihydrochloride (AAPH)
assays [80,81]. Ulvan reduces ROS production by AAPH and attenuates lipid peroxidation, evaluated by
thiobarbituric acid reactive substances (TBARS), according to erythrocyte-based assays [80]. Ulvan’s
antioxidant mechanism involves sulfate and low-molecular-weight polysaccharides [31,83,113]. The latter
inhibit cholinesterases and have neuroprotective potential [4]. Components of oligosaccharides can
increase glutathione peroxidase (GSH), superoxide dismutase (SOD), catalase (CAT), telomerase,
and total antioxidants and decrease the level of malondialdehyde [27,114]. For ulvan, the IC50

for radical activity is 623.58 µg/mL and the IC50 for superoxide anion scavenging is 785.48 µg/mL.
Other components in U. lactuca with antioxidant activity are pigments (chlorophyll, carotenoids),
essential oils, and low-molecular-weight polysaccharides [76].

The extraction procedure also affects the antioxidant effect produced by ulvan. This is related to
the polarity of the solvent used to extract components that have antioxidant activity. The percentage
of inhibition produced from methanol extract is higher than the percent inhibition of the water
extract [115]. Furthermore, enzymatic extraction provides higher percent inhibition compared with
acid extraction [22].

Besides in vitro antioxidant tests, animals can be exposed to radicals, such as thiacloprid, and then
treated with an extract [5,6]. In hypercholesterolemia mice, ulvan reduces oxidative stress by increasing
the activity of antioxidant enzymes (110% for CAT, 77% for GPx, and 23% for SOD) and the level of
nonenzymatic antioxidants (GSH). These changes limit the consequences of damaging macromolecules
by minimizing lipid peroxidation and protein oxidation [6]. Ulvan administration to mice exposed to
extreme stress prevented abnormal lipid metabolism, modulated liver antioxidant defense systems,
and reduced lipid peroxidation [116,117].

6.2. Anti-Inflammatory Activity

Inflammation is caused by the release of chemicals from tissues and cells that migrate throughout
the organism. Associated inflammatory receptors are prostaglandin (PG), leukotrienes (LT5), histamine,
bradykinin, platelet-activating factor (PAF), and interleukin-1 [118]. Ulvan has anti-inflammatory
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activity that has been tested in vitro in several animal species, including mice injected with radicals such
as D-Gal (500 mg/kg) [82–84] and a mouse ear edema model of topical inflammation [85]. Vero cells
have been employed to identify the anti-inflammatory effects caused by infection [98].

The ulvan anti-inflammatory mechanism is related to granuloma in the liver. Administration of
sulfated polysaccharides for 24 weeks significantly reduces liver inflammation and necrosis and induces
apoptosis. Sulfate polysaccharides increase the volume of liver lobules through mild sinusoid dilatation.
The biological effects alter the response, stimulate the immune system via splenocytes and macrophages,
and induce the release of anti-inflammatory cytokines that can suppress the growth of cancer cells [83].
Ulvan has the potential to reduce the chronic symptoms of inflammation [119]. Indeed, sulfated
polysaccharide effectively reduces pro-inflammatory cytokine production in primary glial cells infected
with various Japanese encephalitis virus (JEV) strains [98]. Ulvan can also reduce interferon-gamma
(IFN-γ), tumor necrosis factor alpha (TNF-α), and interleukin 6 (IL-6), and elevates brain-derived
neurotrophic factor (BDNF) and choline acetyltransferase (ChAT) levels as part of hippocampal
neuronal protection [13,84]. Mice induced with D-Gal exhibit abnormal liver structure, characterized
by hepatocellular necrosis and inflammation. Ulvan (100 mg/kg) attenuates this damage: The mice
show partial recovery from tissue damage [82]. Ulvan exhibits vascular anti-inflammatory effects,
with bradykinin as the primary target because it does not reduce histamine and serotonin-induced foot
edema. Therefore, ulvan acts an on bradykinin pathway in antinociceptive and anti-inflammatory
responses [52].

6.3. Cytotoxic and Anticancer Activity

New biomaterials with economic and environmental benefits are required. In this context, toxicity
must be determined and considered when determining stability and effectiveness. Given that
ulvan may be used as a supplement, nutraceutical, and therapeutic agent, it must be tested
to determine potential cytotoxicity and therapeutic dose range that can be used. Cytotoxicity
testing is carried out in vitro with cells or in vivo using experimental animals [89,103]. Recently,
the anticancer effect of ulvan has been developed from U. lactuca, U. australis, U. rigida,
and U. ohnoi [60,107,120]. The National Institutes of Health (USA) has developed standard
methods for evaluating potential cytotoxic effects of compounds or extracts using human cancer cell
lines [87]. These cell lines include HepG2 (hepatocellular carcinoma), MCF7 (human breast cancer),
and HeLa (cervical cancer) [87]. Other toxicity tests use rat lung cells (L929) [89], mammalian L6
cells [65,90,121]. HaCaT keratinocytes, and 3T3 fibroblasts [80]. The most widely used method is the
3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-((4-sulfophenyl)-2H-tetrazolium (MTT)
assay [80,122,123].

The results obtained from HepG2, MCF7, and HeLa cells have shown decreased cell viability
directly proportional to the increased ulvan concentration [87]. Human L929 cells were still metabolically
active and did not show a decrease in viability after 72 h exposure to ulvan [104]. Studies usually examine
cellular metabolic activity using the MTT assay to determine cell number and assess proliferation by
quantifying double-stranded DNA (dsDNA) and total protein [105]. Ulvan extracts have been found
to be safe for mammalian L6 cells as a control because they do not promote cytotoxicity (half maximal
inhibitory concentration [IC50] less than 90 mg/mL) even at the highest tested concentration. Ulvan
did not show toxicity at 10,000 mg/mL in 3T3 cells [80]. Based on the description of the cytotoxic test
that has been described, ulvan from U. lactuca decreases viability in cancer cells and does not show a
decrease in viability in healthy cells.

Cancer occurs due to the abnormal growth of cells and body tissues. Cancer is initiated by various
endogenous and exogenous factors that often cause oxidative damage to DNA, a process that produces
mutations that disrupt the normal regulation of cell proliferation, differentiation, and apoptosis
pathways [124]. Several studies have tested the anticancer activity [68,76], specifically for anti-breast
cancer [13,60,87,88], anti-colon [59,88], and anti-cervical cancer activity [87], by investigating ulvan in
toxicity and cell viability.
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In vitro, ulvan has been tested on several cancer cell lines: HepG2 [31,60,87,88] Caco-2 (human
colon cancer) [88], LS174 (human colon cancer), A549 (human lung carcinoma), Fem-x (malignant
melanoma) K562 (chronic myelogenous leukemia) [76], HEp-2 (laryngeal epidermoid carcinoma),
NCI-H292 (human lung mucoepidermoid carcinoma) [68], and HeLa (cervical cancer) [87]. It has
also been tested in rats injected with carcinogens such as diethylnitrosamine (DENA, 200 mg/kg,
intraperitoneally) [83] and 7,12-dimethylbenz[a]anthracene (DMBA) [13].

Testing the anticancer activity of ulvan has had different outcomes. Ulvan may be a
chemopreventive agent for liver cancer. Sulfated polysaccharides in ulvan can inhibit hepatocellular
carcinoma proliferation and induce apoptosis. Sulfated polysaccharides protect against DNEA-induced
liver damage by reducing oxidative stress [83]. They also promote improvement in mice subjected
to DMBA treatment by augmenting apoptosis, suppressing oxidative stress and inflammation,
and enhancing the antioxidant defense system [13]. Ulvan showed weaker cytotoxic activity against
cells A459 and LS174 (IC50 > 200 mg/mL), while it was more effective in preventing moderate cytotoxic
effects in Fem-x and K562 cells (IC50 74.73 and 82.24 mg/mL, respectively) [76]. Ulvan prepared
in nanoparticle albumin has antiproliferative potential in both MCF7 and HepG2 cells because it
increased caspase-8 and caspase-9 levels; these changes indicate an induction of apoptosis [60].
Ulvan showed anticancer activity against MCF-7and HCT-116 cells with IC50 ranges from 21 to
99 µg/mL [88]; this seems to be related to sulfated polysaccharides that have strong ligand bonds [31].
Ulvan showed significant cytotoxic activity against hepatocellular carcinoma (IC50 29.67 ± 2.87 g/mL),
human breast cancer (IC50 25.09 ± 1.36 g/mL), and cervical cancer (IC50 36.33 ± 3.84 g/mL) [87]
Low-molecular-weight polysaccharides (<5000 Da)—usually oligosaccharides—can inhibit Caco-2 cell
proliferation or differentiation program [60].

6.4. Antibacterial Activity

An antibacterial compound may be used to control the growth of harmful bacteria. This action
aims to prevent the spread of disease and infection, eradicate the infected host, and prevent decay
and destruction of a material by bacteria. Bacterial resistance to pharmaceutical drugs is increasing;
hence, there is the urgent need to screen new drugs from natural resources. Seaweed from the marine
ecosystem is an important source of bioactive compounds and one of the main subjects for screening
of various pharmaceutical drugs [124,125]. Several plants have antibacterial activity, one of which is
U. lactuca.

Several studies have examined the antibacterial potential of ulvan, with a range of results,
including high, moderate, and weak potential. Ulvan has been tested for its antibacterial against a
wide range of toxic bacteria (Table 1) [76,77,85,92–97]. Ulvan has shown a moderate percentage of
inhibition against Staphylococcus sp. Streptococcus sp., and Bordetella sp. and a weak percent inhibition
against Bacillus subtilis, Proteus sp., Salmonella sp., and Bacillus cereus, among others.

Endophytic bacteria isolated from U. lactuca, identified as strains of B. subtilis, are active against
Staphylococcus aureus (1.6 µg/mL) and Enterococcus faecalis (0.2 µg/mL). In vivo testing of the strain
Enterobacter cloacae is active against S. aureus and Klebsiella pneumonia at 0.4 µg/mL [97]. Several
factors influence antibacterial activity, such as the extraction procedure, the solvent used, and the
physiological conditions of U. lactuca itself. The antibacterial effect is also influenced by the harvest
period; an antibacterial effect is particularly prominent when the plant enters the third harvest [93].

Antibacterial testing of ulvan and U. lactuca has produced variable results, with weak to moderate
inhibition in some strains of bacteria. This variability may depend on internal factors such as the
content of metabolites and endophytic bacteria present in the ulvan and external factors, namely the
extraction procedure and harvest time.

6.5. Antiviral Activity

Viruses are obligate intracellular parasites; they require host cells for replication. Antiviral drugs
can inhibit viral entry or exit or inhibit viral processes in cells. If the inhibitor is non-selective, host cell
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function can be disrupted and toxicity can occur. Ulvan has been tested against several viruses
(Table 1) [98–101].

Further mechanical research has revealed that the sulfated polysaccharides from ulvan can block
the absorption of the virus and therefore make the virus unable to enter the cell. Sulfated polysaccharides
also effectively reduce pro-inflammatory cytokine production caused by JEV mixes that primarily
infected glia cells. In animal studies, JEV-infected mice appear to have neurobehavioral abnormalities
on day 5 and die on day 7 post-infection. However, treatment with sulfated polysaccharides can
delay the onset of paralytic hind limbs and thus prevent mice from dying [98]. Ulvan mainly consists
of heteroglycuronan, which has antiviral effects against influenza A/PR/8/34 (H1N1) [99]. In the
polysaccharide delivery system, U. lactuca is made up as comprising monogalactosyldiacylglycerol
(MGDG) tubular immunostimulating complexes (TI-complexes) because they are considered to be
effective as lipid matrix for protein subunits in antigens [100,101].

Ulvan in some studies is considered to have antiviral activity because of its metabolic content in
ulcers and polysaccharides. U. lactuca is considered to be a good lipid matrix in the transmission of
anti-genes [98]. However, the mechanism of U. lactuca as an antiviral source is yet to be clarified.

6.6. Tissue Engineering

Research into the engineering of marine ulvan or marine polysaccharides or materials sourced from
marine plants has been developed due to the nature of marine polysaccharides, namely biocompatibility,
biodegradability, non-toxicity, low cost, and abundance. Most marine polysaccharides are derived
from natural sources, such as fucoidan, alginate, carrageenan, agarose, porphyry, ulvan, ulcers, chitin,
chitosan, and chitooligosaccharides [125–127].

U. lactuca represents a source of three-dimensional porous structure based on ulvan, which might
be applied as a medical device, especially for tissue engineering applications [105]. Ulvan-based
hydrogels can be used in cartilage tissue engineering [128]. Ulvan also contains polysaccharides
that are similar to alginates, so it can be used as a hydrogel polymer [73]. Ulvan extracted from
U. lactuca and chitosan extracted from Loligo forbesii squid-pen produced 98% carboxymethylated ulvan
(CMU) and 87% carboxymethyl chitosan. These compounds are not cytotoxic and might represent
suitable materials for in vitro and in vivo evaluation as tissue candidate [104]. Ulvan, combined with
poly(D-lactic acid) (PDLLA), may be used to produce new scaffolding for bone tissue engineering
applications [74].

6.7. Immunomodulating Activity

The immune system is a form of body defense in humans that is used to protect themselves from
invading agents. Modulation of the immune system plays an essential role in health management
and the mechanism of disease in humans. The importance of the immune system comes from the
need to eliminate and modulate pathogenic and nonpathogenic microorganisms that can inhibit the
body’s ability to maintain homeostasis [129]. Immune system enhancing agents can be obtained
from natural materials such as seaweed. Ulva sp. has effectiveness as immunomodulating and
the active ingredient is ulvan. Over the last five years, various Ulva species have been studied for
effectiveness as immunomodulators, one of which is Ulva intestinalis. U. intestinalis has biochemical
characteristics and immunomodulator activity. It is known from research that U. intestinalis shows
immunomodulatory activity by stimulating the production of pro-inflammatory cytokines, including
nitric oxide (NO), tumor necrosis factor-α (TNF-α), and interleukin-1β (IL-1β) in J774A macrophage
cells [95]. Other studies confirm that ulvan from U. ohnoi has an immunomodulatory effect, which was
tested in vitro. The in vitro immunomodulatory effect of the ulvan fraction was quantified by measuring
the ability of the molecular level to mediate inflammation released from murine macrophages RAW 264.7
stimulated by LPS. All ulvan fractions showed no toxicity to RAW 264.7 cells at concentrations below
100 µg/mL for more than 48 h. Interleukin-10 and prostaglandin E2 exhibit anti-inflammatory effects
by higher molecular weight ulvan fractions at 100 µg/mL [94]. Water-soluble sulfated polysaccharides
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extracted from U. intestinalis and fractionated using DEAE Sepharose’s fast flow column to identify
molecular properties and stimulating activity of macrophage cells [130]. There are also effects of U. ohnoi
on nutraceuticals and aquaculture, which have tested the immunomodulating effect on Senegalese sole
(Solea senegalensis). The results of this study provide new evidence about the role of ulvan as a bioactive
compound with immunomodulatory activity in Senegalese sole (Solea senegalensis). This is the first
published study evaluating transcriptomic responses from Senegal that were injected with ulvan [14].

6.8. Antihyperlipidemic Activity

Hyperlipidemia is a disease with elevated blood lipid levels, including total cholesterol (TC),
total glyceride (TG), and low-density lipoprotein cholesterol (LDL-C). In recent decades, polysaccharides
are considered to have an antihyperlipidemic effect [127]. The antihyperlipidemic activity of one type
of Ulva sp, namely U. pertusa, was investigated in vivo using rats to obtain a significant reduction in TC,
TG, and LDL-C, and a significant increase in HDL-C; this is related to the presence of phosphorylation in
the ulvan fraction [96]. Other in vivo studies tested the antihyperlipidemic activity of U. pertusa in mice
induced by malondialdehyde (MDA), superoxide dismutase (SOD), catalase (CAT), and glutathione
peroxidase (GSH-Px) in the liver. The results obtained are those that have the highest uronic acid
content, highest sulfuric content, and low molecular weight have more potent activity [17]. U. australis
is traditionally used as a food ingredient in Korea and to treat several diseases, such as hyperlipidemia
and urinary tract diseases [107].

6.9. Anticoagulant Activity

Anticoagulants are the cornerstone of treatment for various thrombotic and thromboembolic
disorders. General indications for anticoagulation include atrial fibrillation [131]. The risk of thrombosis
continues to increase due to the increased incidence of higher chronic disease burden and old age.
In some studies, ulvan showed anticoagulant activity. U. fasciata was studied using activated partial
thromboplastin time (APTT) assay. These results indicate that the anticoagulant analysis of polycarboxyl
ulvans depends on the high carboxyl and sulfate content with low molecular weight. In addition,
it depends on the flexible conformation of the structure [36]. U. lactuca also has anticoagulant activity,
which was analyzed in vitro using the APTT, prothrombin time (PT), and thrombin time (TT) and
in vivo methods to reduce the weight of thrombus in mice possibly by association with anti-inhibiting
anti factor Xa and IIa. These results provide strong evidence about the anticoagulant potential of
sulfated polysaccharides isolated from U. lactuca [51].

7. Pharmacokinetic Studies

Molecules with pharmacological activity or as nutrients administered orally must be released from
the drug delivery system, or as food must be absorbed from gastrointestinal mucosal epithelium and
reach the target cell or tissue after entering the systemic circulation, and finally be excreted from the
body intact or in metabolite form. Ulvan polysaccharides from U. lactuca are characterized by β (1→4)
relationships and are not digestible by humans. Ulvan forms, known as dietary fiber, is digested through
the small intestine without being metabolized and partially fermented by colon bacteria into short-chain
fatty acids (SCFA). Ulvan is proven to be beneficial to humans because of its immunostimulatory effects
and its ability to change human intestinal microbiomes or microbiota. Some are also found to have
lower glycemic activity than other carbohydrate-rich vegetables. Ulvan belongs to the class of soluble
dietary fiber. Because of the high intrinsic viscosity in water media, they can slow down the digestive
process, reduce the bioavailability of minerals and other important nutrients by chelating, and can also
increase the amount of Bifidobacteria and Lactobacillus in the cecum and large intestine, respectively.
A comprehensive review of published data reveals that ulvan is not degraded in the human digestive
system but is selectively absorbed in certain organs and tissues with no clear signs of toxicity in normal
cells. The literature has no data about absorption, distribution, metabolism, and excretion, but reports
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of cytotoxicity studies are available. Several active carbohydrate enzymes have been identified that
can effectively hydrolyze or reduce ulvan to oligomers [132–134].

8. Studies Related to Toxicity

As a condition for the development of food and supplements as well as the use as biomedical
applications, ulvan must have low toxicity without special warning. A toxicity test needs to be carried
out, taken into consideration in determining stability and effectiveness. Cytotoxicity testing was
carried out in vitro on cells or in vivo directly on experimental animals [89], [103]. Toxicity tests
are using rat lung cells (L929) [89] mammalian L6 cells [65,90,121], HaCaT keratinocytes, and 3T3
fibroblasts [80]. The most widely used method is MTT assay using 3-(4,5-dimethylthiazol-2-yl)-
5-(3-carboxymethoxyphenyl)-2-((4-sulfophenyl)-2H-tetrazolium [80,122,123]. Cellular metabolic
activity is usually assessed through MTS and cell number and proliferation tests by DNA and
total protein quantification [105].

In a human cell test in L929 cells, after 72 h of contact, the ulvan was still metabolically active
and did not show a decrease in viability [104]. Ulvan extraction results from Ulva sp. were found
to be safe for mammalian L6 cells as a control because they did not have cytotoxicity (IC50 less than
90 mg/mL)l even at the highest level of concentration, the ulvan did not show toxicity at concentrations
(10.000 mg/mL) in 3T3 cells [80]. Ulvan from U. ohnoi was tested on liver cells and it was found that
ulvan has non-toxic properties [14].

9. Conclusions and Future Perspectives

Ulvan, a polysaccharide from green seaweeds of genus Ulva, is a natural fiber used as a food
ingredient and has many benefits, as reported in several studies. The pharmacological activities of
ulvan—antioxidant, anti-inflammatory, antibacterial, anticancer, antiviral, and cytotoxic—have been
tested in vitro and in vivo. Ulvan can be used in the field of pharmaceutical formulation as a polymer
for smart ulvan film and bone tissue engineering. Various research articles have reported that extracting
and isolating ulvan requires several stages, methods, and approaches. Research on the early stages of
ulvan extraction from U. lactuca has focused on how the solubility and structural properties of ulvan
affect its function. In addition, the quantity and quality of ulvan depends on the extraction and isolation
processes. The initial stage is polysaccharide extraction; the solvent, procedure temperature, pH,
and duration greatly influence the yield and quality of the extract (i.e., purity and molecular integrity).
Higher extraction temperatures allow more significant ulvan dissolution and lower pH to increase
ulvan selectivity, and an increase in extraction duration can increase the yield. However, care must
be taken to protect the integrity of the ulvan structure. For example, its stability can be decreased
at a high temperature or with a combination of a high temperature, low pH, and long extraction
duration. The duration causes significant depolymerization. However, a low pH significantly affects
depolymerization. Overall, the literature data indicate the following conditions to obtain high yield
and selectivity and low degradation: 80–90 ◦C, pH 2–4.5, and a 1–3 h duration.

Ulvan had shown various biological activities such as antioxidant, anti-inflammatory, anticancer,
and immunomodulating activity, among others. Ulvan has also been studied as a promising source for
tissue engineering such as the use of ulvan-based hydrogels in cartilage tissue engineering. Research on
the biological activities and other health benefits of ulvan is still relatively limited, specially about the
detailed mechanism of action using animal models, which should be research priority in future studies.
Similarly, detailed clinical studies are also necessary regarding pharmacokinetics and safety-related
studies along with the health beneficial activities.
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