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ABSTRACT

Microalgae biomass has been recognised to have great potential as a source of novel
bioactive compounds with industrial as well as health promoting applications in human,
animal and aquatic lives. Several species of microalgae have undergone various screenings
to identify and tap into these valuable resources, among them are the species of the genus
Scenedesmus. Although it is more commonly known as a source of food for herbivorous
zooplankton and in biofuel production because of its high lipid content, Scenedesmus
has exhibited the potential of being a source of high-value compounds with antibacterial
properties. These antibacterial activities have a wide range of applications in various
industries that have not been broadly explored and fully exploited. This review aims
to briefly cover four decades of research done on bioactive compounds, nutritional
composition, biotechnological applications and antibacterial activities in Scenedesmus spp.

Keywords: Scenedesmus, bioactive compounds, biotechnological applications, antibacterial inhibition

INTRODUCTION

Freshwater microalgae are widely
distributed in rivers, lakes and polar waters
and they exhibit a diverse range of cellular,
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morphological, structural and biochemical
composition (Chu et al., 2004). Many
species of freshwater microalgae contain
useful chemical compounds and valuable
products including high quality proteins,
pigments (carotenoids, chlorophyll and
phycobiliproteins), lipoprotein, lutein
and bioactive compounds that are useful
pharmaceutically, as well as for various
industrial applications (Chu ef al., 2004;
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Amaro et al.,2011; Wan-Loy, 2012). Among
these microalgae is Scenedesmus, which
belongs to the order Sphaeropleales of the
family Scenedesmaceae that is frequently
dominant in freshwater lakes and rivers
(Borowitzka & Borowitzka, 1988; Guiry,
2014). Many species of this genus are being
used worldwide for various purposes due to
their ability to adapt to harsh environmental
conditions, ability to grow rapidly and
ease of cultivation and handling (Liirling,
2003; Pultz & Gross, 2004). Likewise
Scenedesmus spp. has been used in many
biotechnological applications due to its
high nutritional content and bioactivities
(Chacén-Lee & Gonzalez-Marino, 2010;
Guedes et al., 2011a). This review aims
to collate information from very limited
literature available on the great potential
of Scenedesmus spp. such as antibacterial
activities, biotechnological applications and
other bioactive compounds it possesses. In
doing so, it will reveal the need for further
studies to be carried out.

Bioactive Compounds in Scenedesmus
Spp.

Similar to other microalgae, Scenedesmus
spp. is a rich source of bioactive compounds
that are being utilised for the benefit of
humanity. They have been exploited for
their active metabolites that have been
applied in various industries including
pharmaceutical, food, cosmetics, energy,
aquaculture, medicine and others (Table 1).
Some of the bioactive compounds are briefly
discussed below.

Astaxanthin

Itis considered to be one of the best carotenoid
compounds that can successfully protect
cells, lipids and membrane lipoproteins
from oxidative damage (Ranga Rao et al.,
2014). It is a sought-after compound as it is
used in food, cosmetics and pharmaceutical
applications (Kim ez al., 2011). Astaxanthin
products are commonly found in the form of
soft gel, capsules, powder, tablet, oil, energy
drinks and creams but they are mostly found
in combination with other herbal extracts
from other sources (Ranga Rao et al.,
2014). Its other biological functions include;
enhances immune response, acts as a strong
coloring agent, protects against UV light
and is a strong potent antioxidant (Guerin et
al., 2003). Other carotenoids of importance
include B-carotene and lutein, whose most
important applications are as natural food
colorants and in animal feed (Vilchez et al.,
1997; Del Campo et al., 2000).

Vitamins

Microalgae are known to be a non-
conventional source of vitamins because
they possess several lipid-soluble and water
vitamins in much higher concentrations over
known conventional food (Kay, 1991; Zhang
& Lee, 1997). According to Abd El Baky
and El Baroty (2013), the vitamin content of
microalgae such as Vitamin C, B, and B, is
significantly higher than that of higher order
plants. The biological functions of Vitamin
C includes; strengthens the immune system,
traps free radicals, regenerates Vitamin E
and activates intestinal absorption of iron
(Burtin, 2003). B vitamins (B,, B,, B;,)
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TABLE 1
Some valuable metabolites found in Scenedesmus spp.

Metabolites Applications Study
Vitamin B Health-Food Becker (2004); Borowitzka
(1988).
Vitamin C Health-Food additives, Becker (2004); Borowitzka
Pharmaceutical 1988.
Vitamin E Health-Food, Medicine Becker (2004); Borowitzka
(1988).
Lutein Animal nutrition, Tukaj et al. (2003); Otto &
Pharmaceuticals Wolfgang (2004); Ceron et al.
(2008); Skjanes et al. (2013).
Astaxanthin Aquaculture, cosmetics, Human  Otto & Wolfgang (2004); Qin
nutrition, Medicine et al. (2008); Gouveia et al.
(2008), Jouni and Makhoul,
(2012).
Haemagglutinin Medicine Chu et al. (2004).
- Carotene Food colourant, Medicine Karen et al. (2000); Indira &

Mycosporine-like amino acids,
sporopollenin

Chlorophyll a, b, ¢
Polysaccharides

Extracts with antimicrobial/
antifungal activities

Monounsaturated, polyunsaturated

and Saturated fatty acids (Oleic
acid, lauric acid, palmitic acid,
linoleic acid, a-linoleic acid,
stearic acid and others)

Amino acids (isoleucine, leucine,
valine, lysine, methionine,
cysteine, alanine, arginine,
aspartic acid, glutamine and
others)

Cosmetics (UV — screening
compounds)

Food colourants,
Pharmaceuticals, cosmetics
Medicine, Bioethanol, BioH,

Medicine

Biodiesel, Pharmaceuticals,
Animal and Human nutrition,
Aquaculture.

Food

Biswajit (2012); Guedes et al.
(2013).

Indira & Biswajit, 2012;
Skjanes et al. (2013).

Karen et al. (2000); Gouveia et
al. (2008); Indira & Biswajit,
2012; Catarina et al. (2013).

Gouveia et al. (2008); Skjanes
et al. (2013).

Abedin & Taha (2008).

Ahlgren et al. (1992); Becker
(2004); Kim et al. (2007);
Gouveia and Oliveira (2009);
Pandian and David (2012);
Mahale and Chaugule (2013).

Chacon-Lee & Gonzalez-
Marino (2010).
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are used in the treatment of anemia, and
has effect on ageing and chronic fatigue
syndrome (Herrero et al., 2013).

Polysaccharides

Studies carried out with Scenedesmus spp.
and other microalgae have shown that
certain polysaccharides have medical effects
(Skjanes et al., 2013). These polysaccharides
function as protection against oxidative
stress and have efficacy on gastric ulcers,
wounds and constipation (Iwamoto, 2004;
Spolaore et al., 2006).

Mycosporine-like amino acids

These are a group of molecules that
consist of an amino acid that is bound to a
chromophore and absorbs low wavelength
light. These molecules play a vital role
in protecting the microalgae against UV
radiation (Skjanes et al., 2013). For this
characteristic, they are being exploited for
commercial purposes in cosmetic skin-care
products for UV protection (Schmid ef al.,
2006).

Extraction of Biologically Active
Compounds from Scenedesmus spp.

This is an important aspect to be considered
in order to extract and isolate compounds of
interest effectively. The general techniques
of plant and algae extraction include
maceration, hot continuous extraction
(soxhlet), microwave-assisted extraction,
sonication, supercritical fluid extraction,
ultrasound assisted extraction, pressurised
liquid extraction and hand grinding with

pestle and mortar (Herrero et al., 2013).
All of these have been also employed in
the extraction of bioactive compounds from
Scenedesmus algae. According to Herrero
et al., (2013), successful determination of
biologically active compounds from plants
is also largely dependent on the type of
solvent used in the extraction process. The
choice of solvent used is influenced by what
the extract is intended for and the targeted
compounds.

In extracting different bioactive
compounds from Scenedesmus spp. one of
the techniques used is solvent extraction.
Among important bioactive compounds
extracted by solvent extraction methods
from Scenedesmus include pigments, fatty
acids, antioxidants and others (Table 2).

Antibacterial Activities of Scenedesmus
Spp-

Scenedesmus spp. has been reported to
produce antimicrobial substances, which
from the pharmaceutical’s point of view,
are a good source of new bioactive
compounds. Although the potential of fatty
acids to inhibit the growth and survival of
pathogenic bacteria has been recognised
for several years, the specific mechanism
underlying the bactericidal action of fatty
acids in microalgae remains to be fully
understood. Nevertheless, they apparently
enhance membrane damage that eventually
enables cell leakage. Recently, studies of its
structure-function relationship make it more
evident that these antimicrobial activities
rely on both the chain length and the degree
of unsaturation (Guedes et al., 2011Db).
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TABLE 2

Different solvent extraction methods used for Scenedesmus spp.

Solvent Extraction method Compound extracted/ Study
Activity

100% Nanograde Acetone, 2:1  Ultrasound, Pigments and fatty Karen et al.
Dichloromethane/Methanol Sonication, acids (2000).
Quartz sand Mechanical and hand

grinding
Acetone, Ethanol Methanol, - Antibacterial and Abedin & Taha
Diethyl ether antifungal activity (2008).

1:1 Ethanol/Water Homogenisation

1:10 Ethanol/Acetone -

1:2 Chloroform/Methanol

3/1 v/v Ethanol/water
Hexane, Ethyl acetate and Hot
Water

90% Acetone

Homogenisation

and mortar

Hand shaking

25ml of Diethyl ether,
25ml of petroleum ether.

Hand shaking

Acetone, Methanol, Dichloro -
Methane, Diethyl ether, Hexane,
Hot Water, Cold water.

Distilled water Ultrasonication

100% ethanol

Grounded with pestle

Antibacterial activity

Catarina Guedes
etal (2011).

Haemagglutination Chu et al.
assay (2004).
Lipid Rajiv (2011).
Antioxidants (phenols Koen ef al.
and carotenoids) (2012),
Pigments Beena &
Krishnika
(2011).
Fatty acid Mabhale &
Chaugule (2013).
Antibacterial activity =~ Beena &
Krishnika
(2011).
Antimicrobial and Ordog et al.
anticancer activity (2004).

Desbois et al. (2009) claimed
that Scenedesmus costatum exhibited
antibacterial activity against aquaculture
bacteria as a result of their more than 10
carbon atoms in chain length of fatty acids.
The Chlorophyta, or green algae, which
include Scenedesmus, have chlorophyll
a, b and several carotenoids (Tomaselli,
2004). Chlorophyll is one of the most
valuable bioactive compounds that are being
extracted from microalgal biomass and
has gained importance as a food additive
(Humphrey, 2004). Chlorophylls and

B-carotene are major pigments present in
microalgae that are known to act effectively
as microbial growth inhibitors, and studies
have shown that it has antioxidant as well as
antimicrobial properties (Humphrey, 2004;
Bhagavathy et al., 2011). Fan et al. (2013)
and Jaya et al. (2007) reported that pigments
from microalgae had antibacterial effect
on certain bacteria. Patented application of
astaxanthin is also available for preventing
bacterial infections (Jouni & Makhoul,
2012). Furthermore, Guedes et al. (2011a)
reported that Scenedesmus spp. is among
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the few members of the green algae to
produce antimicrobial substances and
had active and prominent antibacterial
properties that inhibited the growth of
several pathogenic strains of bacteria
when tested against them. These include
Salmonella sp., Pseudomonas aeroginosa,
Escherichia coli and Staphylococcus aureus.

Table 3 clearly shows that the
antibacterial activity of Scenedesmus spp.
extracts has positive results but with varying
degrees of significant zones of inhibition. It
also shows that Scenedesmus spp. extracts
have higher antibacterial activity against
the Gram positive bacteria than the Gram
negative bacteria. According to Orddg et al.
(2004), antibiotics are usually less effective
against Gram- negative bacteria because
of their more complex multilayered cell
wall structure in addition to the presence of
lipopolysaccharides on the outer cell wall
thereby preventing the penetration of active
compounds.

From the table, it is clear that
various studies and screenings have been
undertaken on this microalga pointing to
its potential pharmaceutically. But there
is yet to be a conclusive identification and
characterisation of specific metabolites
responsible for antibacterial activities.

Biotechnological Applications of
Scenedesmus spp.

Today, industrial and commercial use
of microalgal biomass and extracts of
biomass has gained a strong foothold in
various sectors of human life due to the
presence of different useful compounds

in them. The rich metabolic content of
Scenedesmus spp. is being exploited for
use in food (Becker, 2004; Toyub et al.,
2008), aquaculture (Toyub et al., 2008),
bioremediation (Martinez et al., 2000;
Omar, 2002), cosmetics (Indira & Biswajit,
2012), pharmaceutical industries (Becker,
2004) and others. Some of these applications
are briefly discussed below.

Nutraceutical Applications

Nutritional composition of Scenedesmus
spp

Similar to higher order plants, the chemical
composition of algae is not constant as it is
determined by factors like environmental,
temperature, pH value, mineral contents,
CO, supply, population, density, growth
phase and algae physiology that can
modify its chemical composition (Gouveia
et al., 2008). According to Yamaguchi
(1997), microalgae have the ability to
biosynthesise, metabolise, store and
also secrete a diverse range of primary
and secondary metabolites. Microalgal
biomass is made up of different nutritional
components of which the main three are
proteins, carbohydrates and lipids (oil)
(Indira & Biswajit, 2012). The following are
some of the reasons why microalgae came
to be of such commercial importance due to
its nutritional composition: (1) the presence
of high protein content in microalgae is the
main reason it should be considered as a
conventional source of protein, (2) its amino
acid pattern compares favourably with
other foods, (3) carbohydrates are obtained
in various forms such as starch, glucose,
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sugars, other polysaccharides and, (4) its
total digestibility is extremely high, which
explains why there are no limitations to its
use in food and feed (Cornet, 1998; Becker,
2004; Solletto et al., 2005).

Scenedesmus spp. are particularly
found to contain all essential amino acids
and a good amount of protein, lipid and
essential minerals (Geldenhuys et al., 1988).
According to Becker (2004) and Batista et
al. (2007), Scenedesmus contains lipids,
proteins and carbohydrates that can compare
favourably with other food protein (Table 4).

Human Nutrition

Microalgae for human nutritional
requirements are currently being
manufactured in different forms such
as tablets, capsules, pastilles, liquids
and nutritional supplements and are also
incorporated into snacks, pastas, candy
bars or chewing gum and in beverages
(Spolaore et al., 2006; Gouveia et al.,

TABLE 4

2008). Scenedesmus is among the most
used microalgae that has attracted the
attention of manufacturers in the food
and health-food market (Chacon-Lee
& Gonzalez Marino, 2010). Compared
to case in, Scenedesmus has very high
nutritional quality and several toxicological
assessments have not revealed any toxic
impacts or abnormalities in experiments
with test animals (Becker, 1984). Gross et
al. (1978) carried out a nutritional study
by incorporating Scenedesmus sp. into the
diet of children (5 g/daily) and adults (10
g/daily) and a slight increase in weight
was discovered. Subsequently, there was
a significant improvement in the weight of
four-year-old children who were fed with
microalgae compared to those fed with a
normal diet. In another study carried out
by Natrah et al. (2007), a Scenedesmus
sp. among other microalgae was shown
to possess antioxidant properties and
biochemical contents that could be applied
in the nutraceutical industry.

Nutrient composition of different Scenedesmus spp. (% dry matter)

Scenedesmus Protein  Carbohydrate  Lipid Ash Crude  References

spp./Food products

S. obliquus 50-56 10-17 12 -14 N/A N/A Becker (2004)

S. dimorphus 8-18 21-52 16 -40 N/A N/A Um & Kim (2009);
Sydney et al. (2010)

S. acutus 50-60 10-17 12-14 6-10 3-10 Soeder & Prabst
(1970)

S. quadricauda 47 N/A 1.9 N/A N/A Um & Kim (2009);
Sydney et al. (2010).

S. obliquus 6-12 33-64 11-21 N/A N/A Batista et al. (2007)

S. dimorphus 60-70 13-16 6-7 N/A N/A Batista et al. (2007)

S. obliquus 34.5 N/A 16.13 12.0 6.39 Toyub et al. (2008)

N/A- Not applicable
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Potential Source of Biodiesel

Due to global warming and exhaustion of
fossil fuels, which has become a worldwide
problem due to the emission of greenhouse
gasses (GHG), attempts have been made
to find alternative sources of energy from
various biological materials such as plants,
animal fat and microalgae (Pandian &
David, 2012). They showed in a study that
Scenedesmus spp. had a high oleic acid
content of about 52.8%, making it most
suitable for the production of good quality
biodiesel.

Bio hydrogen (BioH,) production

Scenedesmus sp. has been used as a feedstock
for BioH, production as a source of biofuel
to power both light and heavy-duty vehicles,
as well as jet and marine engines (Gouveia et
al.,2012). Currently, all major car producers
offer cars running on hydrogen as fuel; it
was discovered that Scenedesmus spp. was
able to produce hydrogen, and this discovery
has led to the search for a way to use this
microalgae to convert solar energy into this
useful energy carrier (Skjanes et al., 2013).

Wastewater treatment

Treatment of waste is an important problem
in the world due to the increase in population
and industrial activities. Agricultural and
municipal wastes contain all the macro
and micro-nutrients that are needed for
algal growth; therefore, it is economical
to grow algae in wastewater (Toyub et
al., 2008). Because of the special ability
of Scenedesmus spp. to adapt to different

environmental conditions it is being used
in domestic and industrial wastewater
treatment. It has recently been used in
removing heavy metals and in the production
of oxygen and in converting waste products
into beneficial substances (Abuzer ef al.,
2008).

Cosmetic industry

Several compounds of Scenedesmus
spp. are used in cosmetic industry as
thickening agents, water-binding agents
and antioxidants in facial and skin care
products (Rajiv, 2011). Pigments such as
carotenoids i.e. astaxanthin, phycocyanine
and B-carotene (Sanchez et al., 2007),
mycosporine-like amino acids and
sporopollenin are extracted and used as UV
screening compounds for skin protection in
cosmetics (Indira & Biswajit, 2012: Skjanes
etal.,2013). Amino acids are known to have
auniversal function in proteins, but they are
also important for skin hydration, elasticity
and photoprotection and are included in
cosmetics (Lebeau & Robert, 2003).

Pharmaceutical industry

Microalgae have for a long time been
used for their therapeutic powers, but
scientific investigations for biologically
functional compounds started in the 1950s
and since then, extensive research has been
conducted to find compounds that might
result in therapeutically beneficial agents
(Mendes et al., 2003; Mayer & Hamann,
2005; Cardozo et al., 2007; Amaro et
al., 2011). Furthermore, microalgae has
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been found to produce antibiotics as its
extracts have proven to be antibacterial,
anti-protozoal and antiplasmodial, and it is
mostly accredited to compounds belonging
to the following chemical classes: indoles,
terpenes, acetogenins, phenols, fatty acids
and volatile halogenated hydrocarbons
(Kellan & Walker, 1989; Ghasemi ef al.,
2004; Ozemir et al., 2004; Herrero et al.,
2006; Cardozo et al., 2007).

The three major classes of microalgal
photosynthetic pigments (chlorophyll,
carotenoids and phycobilins) have
demonstrated biological activity in a
wide range of biological applications,
including prevention of acute and chronic
coronary syndromes, muscular dystrophy,
atherosclerosis, cataract, rheumatoid arthritis
and neurological disorders (Schoefs, 2004;
Mimouni ef al., 2012 ).

Scenedesmus produces polysaccharides
that have been shown to have medical
effects that act against oxidative stress
(Mohammed, 2008). Other compounds
found in Scenedesmus that have therapeutic
abilities include Vitamin E (Pham-Huy
et al., 2008), Vitamin C (Skjanes et al.,
2013), astaxanthin (Olaizola, 2003) and
metabolites with antibiotic activities (Chu
et al., 2004; Ordog et al., 2004).

CONCLUSION

Scenedesmus spp. as a rich source of
bioactive metabolites presents an advantage
and an opportunity for its use in various
applications that include aquaculture,
cosmetics, pharmaceuticals and human
nutrition. Studies had suggested that

Scenedesmus spp. can produce diverse
chemical compounds especially long-
chain polyunsaturated fatty acids that can
inhibit the growth of pathogenic micro-
organisms. However, the active compounds
in Scenedesmus have not being applied as
antibacterial agents to inhibit food-borne
pathogens such as Staphylococcus aureus,
Bacillus cereus and Salmonella spp. in food
preparation and production. Therefore,
further studies particularly in the application
of the potential of antibacterial compounds
in food industry have to be carried out.
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