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Introduction
	 Chlorella is a genus of green algae (single-cell) that 

shows spherical shape ≈ 2 to 10 μm (diameter) (Figure 1). 
Compared to others microalgae, Chlorella species present higher 
photosynthetic efficiency. In addition, it was predicted that 
10,000 tons of proteins per year could be produced by 20 people 
staff (4-square kilometer) - Chlorella farm [1]. The production of 
microalgae at industrial scale started in the early 1960s in Japan, 
in which Chlorella species were applied as food additive. Then, in 
1980s the microalgae cultivation spread out all over the world 
(e.g. USA, India, Israel and Australia) [2].

	 Microalgae are able of two types of trophy 
(nourishment) (i) autotrophy (phototrophy) and (ii) heterotrophy 
(phagotrophy). Autotrophy organisms absorb light in order 
to reduce CO2 (to obtain energy). Photoautotrophy organisms 
require only inorganic minerals, in which a photoautotrophy 
obligate cannot grow in dark.
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Figure 1: Chlorella desiccata (Cde), Chlorella kessleri (Cke), Chlorella lu-
teoviridis (Clu), Chlorella protothecoides (Cpr), Chlorella sorokiniana and 
Chlorella vulgaris (Cv); respectively A, B, C, D, E and F (Source: Authors).

	 On the other hand, heterotrophic organisms obtain 
energy from organic compounds. Photoheterotrophic organisms 
use light for energy, nevertheless they cannot use CO2 as sole 
carbon source, that is, they take organic compounds from 
environment to complete the carbon requirement (Table 1) [3].

A B

C D

E F



Page 2 of 9Citation: Cristiano José de Andrade, Lidiane Maria de Andrade.( 2017 ) An overview on the application of genus Chlorella in bio-
technological processes. J Adv Res Biotech 2(1):1-9. DOI:http://dx.doi.org/10.15226/2475-4714/2/1/00117

Biochemical profiling of antifungal activity of Betel leaf (Piper betle L.) 
extract and its significance in traditional medicine Copyright: 

© 2017 Waghmode, et al.

Table 1: Trophic possibilities for the microalgae

Inorganic 
carbon

Organic 
carbon

Light

Autotrophy

Heterotrophy†

Photoautotrophic††

Photoheterotrophic

Mixotrophic

Auxotrophy*

	 Last but not least, mixtrophy is other interesting type of 
microalgae’s metabolism. Mixotrophy is the cultivation in which 
organic carbon and CO2 are simultaneously assimilated (a mixture 
between autrotophy and heterotrophy). This metabolic pathway 
gives these microorganisms advantages over photosynthetic 
mode of cultivation. This metabolism is approximately the 
sum of specific growth rates of cells under heterotrophic and 
photoautrophic. In addition, mixotrophy growth allowed the 
cultivation in the dark (higher productivity) and higher cell 
concentration, for instance the maximum specific growth rate for 
Chlorella vulgaris 0.11 h-1 (photoautotrophy mode) and 0.098 h-1 

(heterotrophic mode)  and 0.198 h-1 (mixotrophic) [4-5].

	 Regarding culture media for the cultivation of 
microalgae, they are very simple (Table 2). In this sense, even 
similar one another, some compositions are widely used for the 
cultivation of genus Chlorella, for instance, Guillard’s WC [6-7]; 
Bold [7-8].

Table 2: Culture media composition of culture media for microalgae cultivation
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	 Therefore, the culture media described in Table 2 can 
be used for photoautotrophy organisms, in which the 2 (CO2)  
fixation is the mainstream appeal. In addition, the phototrophic 
production is the most effective in terms of net energy balance. 
Nevertheless, this bioprocess show higher variation and lower 
productivity - when compared with heterotrophic production [2]. 
In this regard, since atmospheric 2 (CO2)  does not supply enough 
carbon to achieve high rates of autotrophic microalgae production 
– (the diffusion of atmosphere 2 (CO2) → aqueous phase ≈ 10 
g/m.d); the use of bicarbonate-carbonate buffer (medium) can be 
useful because it provides 2 (CO2)   for photosynthesis as detailed 
below:

2HCO3
- ↔ CO3

2- + H2O + CO2

HCO3
- ↔ CO2 + OH-

CO3
2- + H2O ↔ 2OH-

	 Obviously, the pH of culture medium tends to become 
alkali, in which at high microalgae density, it reaches pH as high 
as 11 [3].

	 On the other hand, heterotrophy and mixtrophy 
organisms can be, mainly use for the production of microalgae 
biomass. In addition, compared to photoautotrophy system, the 
mixotrophy cultivation mode shows lower production cost due 
to the higher biomass and lipid productivity and the possibility 
in use low-cost culture media such as industrial wastes (culture 
medium is ≈ 80% of the total production cost) [5].

	 The cultivation of microalgae, either photoautotrophy 
or heterotrophy modes, plays already an important role in 
biobased economy (very aligned to green chemistry concept). It 
is worth noting that in 2050 the world population is estimated to 
reach 9 billion people, that is, the demand for commodities will 
increase exponentially, in which the sustainable production (food 
and energy). Microalgae are not only one the most promising 
waste converters and recyclers, but can be efficiently cultivated 
in places that are inhospitable for agriculture, which can provide 
proteins and lipids (food) or raw material for bioplastic [9].

	 Some of the main applications of Chlorella are described 
in more details below, such as productions of biofuels, cosmetics, 
supplementary foods, pigments, by wastewater treatments.

Biofuels

	 It is well-known that global climate change has 
increased due to the green house gas emissions from fossil fuels. 
Thus, alternative sources of energy need to be investigated and 
explored. Biofuel is a fuel that is produced by biological processes, 
for instance bioalcohols (ethanol, propanol, butanol), biodiesel, 
green diesel, biogas (biomethane, biohydrogen), etc. 

	 Regarding microalgae-based biofuels, mainly biodiesel 
and biogas have been investigated. The lipids from microalgae 
can be extracted and then esterified with alcohol, which produce 
biodiesel, whereas biogas (biomethane and biohydrogen) is 

Biodiesel

	 Biodiesel is a clean alternative fuel source that could 
replace fossil fuels. Usually, biodiesel is produced from raw 
oleaginous such as soybean and sunflower, which leads to issues 
in terms of deforestation, world hunger and land pollution. Thus, 
other sources of lipids should be investigated. In this sense, 
microalgae lipids are one of the most promising feedstock to 
produce biodiesel, since they do not compete with food crops and 
show high content of lipids (up to 75 wt%). However, the current 
high cost of biodiesel from microalgae makes its production at 
industrial scale infeasible [11-12]. Other advantage on the use 
of microalgae lipids to biodiesel production is the mixotroph 
metabolism of some microalgae (auto- and heterotrophy 
metabolisms), for instance glucose can be used by Chlorella 
protothecoides. In particular, the heterotrophy cultivation is 
cheaper, easier, feasible in colder climates and allows the use of 
agro-industrial wastes as substrates [12-13].

	 Veillette et al. [12] detailed the esterification of 
microalgae free fatty acids using Amberlyst-15 as a catalyst, in 
which a conversion higher as 84% was reached [12].

Biogas

	 As already mentioned the production of biogas from 
microalgae occurs by the anaerobic digestion of microalgae 
biomass by anaerobic bacteria. The anaerobic digestion 
encompasses 4 general steps (i) hydrolysis, fermentation, 
acetogenesis and methanogenesis. The composition of biogas is 
CH4 (55–75%) and CO2(25–45%) [10]. 

	 Jankowska et al. [10] compiled the biogas yields from 
microalgae, for instance, C. kessleri (0.335 L biogas/g.VS (65% 
CH4) (0.218 L CH4/gVS)); C. vulgaris (0.337 L CH4/g.VS); C. 
vulgaris (0.180 L CH4/g.CODin); C. vulgaris (0.156 L CH4/g.COD); 
C. vulgaris ((0.364 LN biogas/g.VS) (62.6% CH4) (0.228 LN CH4/g.
VS)); C. vulgaris ((0.366 L biogas/g.VS) (62.5% CH4) (0.229 L 
CH4/g.VS)); C. vulgaris (0.139 L CH4/g.COD in) [10].

	 The biogas yield is highly affected by the specie of 
microalgae, type of pretreatment, presence of inhibitors of 
hydrogenesis or methanogenesis, organic loading, retention 
time, temperature, pH, substrate, etc. In this sense, as described 
by Choi et al. compared to others microorganisms, the cell walls 
of microalgae are more recalcitrant. Thus, the pretreatment (acid 
+ thermal) of C. vulgaris was needed to increase the hydrolysis 
with consequent enhancement on the H2 production [10, 14]

Cosmetics

	 Components of microalgae, typically C. vulgaris 
specie, are often used in cosmetics. One of the most interesting 
approaches on the applications of microalgae is in the cosmetic 
formulations. Microalgae have sun protection skills due to the 
presence of chlorophyll-a in its composition (light absorption) 
[15]. In addition, Chlorella extract is also used by the skin care 
industry, since some compounds from Chlorella extract have 
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anti-aging, refreshing, regenerant, emollient and anti-irritant 
activities [15].

	 Microalgae of Chlorella genus can produce metabolites, 
such as sporopollenin and mycosporine-like amino acids, to 
protect themselves from ultra violet (UV) radiation (Table 3) [16].

Table 3: UV-Screening compounds produced by Chlorella

UV Screening Compound Specie
Sporopollenin Chlorella fusca

Mycosporine-Like Amino 
Acids

Chlorella minutissima
Chlorella sorokiniana

	 In this sense, currently, there are some cosmetics 
microalgae-based commercially available. The world’s first facial 
moisturizer, Sun Chlorella Cream® which is produced by Sun 
Chlorella Japanese Company, is based in C. pyrenoidosa extract. 
This facial moisturizer promotes the skin hydration and also 
aid the skin cell renewal. Other example is the Dermochlorella 
that is produced by the ProTec Ingredia French Company. 
Dermochlorella is produced from C. vulgaris extract, which 
shows firming, restructuring and eye contour effects besides it 
stimulates the synthesis of collagen. In addition, it decreases the 
morphology of stretch marks and reduces vascular imperfections.

Supplementary Food

	 Microalgae, in particular, genus Chlorella, can synthesize 
essential nutritional compounds. Microalgae composition 
is up to 50-70% protein (essential amino acids), 30% lipids 
(polyunsaturated fatty acids), up to 8-14% carotene and a fairly 
high concentration of vitamins B1, B2, B3, B6, B12, E, K, D, among 
others. Thus, Chlorella extract can be used as supplementary food 
as described below starch.

Starch

	 Microalgae under a wide range of conditions accumulate 
starch. Palacios et al. described an interesting system that 
integrated Azospirillum brasilense and Chlorella sorokiniana.  A. 
brasilense is microalgae growth-promoting bacterium by mainly 
indole-3-acetic acid.

Human Nutrition

	 Microalgae have been used by humans for thousands 
years and the commercial large-scale of Chlorella genus started in 
the 1960’s by the Japanese company Nohon Chlorella. In this sense, 
the human consumption of microalgae biomass is restricted to 
very few species, in which Chlorella, Spirulina and Dunaliella are 
the main genus produced at industrial scale. Microalgae biomass 
is usually marketed (human nutrition) as tablet or powder, in the 
health food market [2, 19-20].

	 Chlorella microalgae genus have positive impact on the 
health of humans due to their nutritional content (nutraceutical 
– proteins, lipids, pigments, carbohydrates), as shown in Table 4 
(polyunsaturated fatty acids). In addition, Chlorella extract shows 
effects against renal failure and growth promotion of intestinal 

Lactobacillus (probiotic) [2]. In others interesting approaches, 
Ebrahimi-Mameghani et al. [21] studied the C. vulgaris 
supplementation on glucose homeostasis, insulin resistance and 
inflammatory biomarkers in patients with nonalcoholic fatty liver 
disease [21]. The authors indicated that 1,200 mg of C. vulgaris 
supplementation can effects on weight loss, serum glucose 
and enhanced the inflammatory biomarkers as well as liver 
function in non-alcoholic fatty liver disease patients, whereas, 
Cherng et al. [22]. proved that Chlorella contains a peptide 
known as Chlorella-11 (Val-Glu-Cys-Tyr-Gly-Pro-Asn-Arg-Pro-
Gln-Phe) that showed activity against inflammation caused by 
lipopolysaccharides from Gram-negative bacteria [21-22].

	 Carbohydrates are also found in Chlorella extract as 
starch, sugar, glucose and other polysaccharides [17]. Fatty acids 
from microalgae have encompasses omega families such as oleic 
acid, linoleic acid, linolenic acid and especially arachidonic acid 
(AA), eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA), which ones feature high added value as shown in Table 4.

Table 4: Fatty acids from microalgae.

Acids Carbon 
Atoms

Chemical 
Formula 

Omega 
Family

Palmitoleic 16 C16H30O2 ω7

Oleic 18 C18H34O2 ω9

Linoleic 18 C18H32O2 ω6

α-Linolenic 18 C18H30O2 ω3

γ-Linolenic 18 C18H30O2 ω6

Homo γ-Linolenic 20 C20H34O2 ω6

AA 20 C20H32O2 ω6

EPA 20 C20H30O2 ω3

DHA 22 C22H32O2 ω3
 

Arachidonic acid from microalgae can be used as supplementary 
food when there is deficiency in linoleic acid or some difficulty to 
convert linoleic acid to Arachidonic acid [23-24]. 

	 “Regarding muscle growth, arachidonic acid repairs and 
promotes the growth of skeletal muscle tissue [25]. In addition, 
arachidonic acid is the most abundant fatty acid (20%) in the 
brain. Thus, the entire neurological health depends on the level of 
arachidonic acid [26-29]. Low content of arachidonic acid in the 
brain can contribute to diseases such as Alzheimer’s and Bipolar 
disorder. Even more, arachidonic acid as supplementary food can 
has been shown to increase lean body mass, strength, resistance 
and present anti-inflammatory properties”.

Eicosapentaenoic Acid (EPA)

	 In microalgae EPA is the precursor for prostaglandin-3, 
thromboxane-3, and leukotriene-5 group. EPA has the ability to 
reduce inflammation, decrease depression and suicidal behavior, 
schizophrenia and improves the chemotherapy response.
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Docosahexaenoic Acid (DHA) 

	 Docosahexaenoic acid is an omega-3 fatty acid, that is, a 
primary structural component of the human brain, eye, cerebral 
cortex, skin, retina and heart health. Among the applications of 
DHA are: infant formulations, products for pregnant and nursing 
women, food and beverage products, dietary supplements, 
immune modulating effects and capacity to inhibit growth of 
human colon carcinoma cells, more than other omega-3.

	 Companies that produce omega fatty acids, mainly EPA 
and DHA, from microalgae, are shown in Table 5.

Table 5: Companies that market omega-3 from Chlorella.

Company Location Started

Live Fuels USA 2006

Aurora Algae USA 2006

Martek Biosciences USA 2007

Blue Biotech 
International GmBH

Germany 2000

Photonz Corporation New Zealand 2002

Ingrepro BV The Netherlands 2001

	 The possibilities of human nutrition with microalgae are 
very wide. Microalgae for human nutrition can be incorporated 
into candies, beverages, snacks, pastas and juices formulations, 
in which the commercial applications are dominated by some 
genus including Chlorella [19]. Companies that market Chlorella 
for human nutrition are shown in Table 6.

Table 6: Companies that market Chlorella for human nutrition.

Company Location Started
Production 

(tons/
year)

Sun Chlorella 
Corporation Japan 1969

NF

Yaeyama Shokusan Co 
Ltd. Japan 1975

420

Maypro Industries Inc. USA 1977 NF

Taiwan Chlorella 
Manufacturing Co ltd Taiwan 1964

400

Far East Microalgae Ind 
Co., Ltd Taiwan 1976

1000

Roquette Klötze GmbH 
& Co. KG Germany 1995

130-150

Lotus Organics
Kazakhstan 2007

NF

Martek Biosciences 
Corporation USA 2007

NF

*NF = Not Found

Animal Feed

	 Chlorella is one of the most frequently microorganisms 
used as animal nutrition which is directly consumed by larval 
(brief period), mollusks, penaeid shrimp or indirectly for live 
prey fed to small fish [2, 30]. In this sense, specific microalgae are 
feasible to be used as animal feed supplements, for instance, the 
supplementation animal nutrition by Chlorella, Scenedesmus and 
Spirulina has enhanced the immune response, improved fertility, 
better weight control, healthier skin and a lustrous coat [2].

Table 7: Composition of some species of Chlorella genus microalgae (% 
dried biomass) [31-33].

Specie Protein Carbohydrate Lipid 	 Reference

Chlorella vulgaris 51-58 12-17 14-22 [17]

Chlorella calcitrans
14.6-

16.4/39.8

Chlorella emerson ii 25.0-63.0

Chlorella 
protothecoides

14.6-57.8

Chlorella 
pyrenoidosa

57 26 2.0

[34-35]

Chlorella 
sorokiniana

19.0-22.0

Chlorella sp. 10.0-48.0

Pigments

	 Microalgae pigments, carotenoids and chlorophyll, are 
often used by industries, such as food, nutraceutical, pharmaceu-
tical, aquaculture, and cosmetic industry; as well by clinical/re-
search laboratories (label for antibodies and receptors) [36].
Carotenoids

Carotenoids are pigments that have been draw attention due 
to their potential health benefits, in which microalgae are a nat-
ural source of carotenoids. They have a common C40 backbone 
structure of isoprene units; they are lypholilic and usually pre-
sented color such as red, orange or yellow. The carotenoids pig-
ments can be divided in two groups: carotenes and xanthophylls 
[37].
Carotenes

The composition of carotenes contains only hydrocarbons 
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Figure 2: Chemical structure of carotenes from microalgae.

Xanthophylls

	 Xanthophylls are oxygenated derivatives of carotenes. 
The common carotenes found in microalgae are lutein, zeaxan-
thin, canthaxantin and astaxanthin and their chemical structures 
are shown in Figure 3.

Figure 3: Chemical structure of xanthophylls from microalgae.

	 The main carotenoids synthesize by Chlorella microal-
gae genus are mainly astaxanthin, ß-carotene, lutein, lycopen and 
canthaxantin. In general, carotenoids have an anti-oxidant prop-
erty. Therefore they protect the cells from reactive radicals, pre-
vent lipid oxidation, promote the stability and functionality of the 
photosynthetic machinery of cells [3]. 

Chlorophyll

	 Chlorella is also known as ‘Emerald food’ due to its high 
content (7% of biomass) of chlorophyll a [38].	 Chlorophyll is a 
pigment present in microalgae that produce carbohydrates from 
carbon dioxide and water light through energy absorption (pho-
tosynthesis process – Calvin cycle). The chlorophylls present in 
Chlorella microalgae are: (i) chlorophyll-a - responsible for oxy-
genic photosynthesis, and (ii) chlorophyll-b - absorb energy to 
aid in photosynthesis process. 
	 Chlorophyll can be recovered from microalgae biomass 
by organic solvent extraction. Chlorophyll has antioxidant and 
antimutagenic properties and can be used as additive in pharma-
ceutical, cosmetic products, and also as a natural food pigment. 
The Table 8 summarizes the health benefits by pigments pro-
duced by microalgae.
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Table 8: Potential health human benefits by pigments produced by microalgae (Adapted from Gong and Bassi, [37]).

Class Pigment Health Benefits Reference

Ca
ro

te
no

id
s

Carotenes

Lycopene
Anti-cancer

[39]
Cardiovascular health

ß-carotene
Anti-oxidant

[40]
Prevents liber fibrosis

Xanthophylls

  Lutein
Prevents cataract and age-related                   [41]

Cardiovascular health [42]

   Canthaxanthin
Anti-oxidant

[43]
Creates tan color

  Astaxanthin

Strong anti-oxidant [44]

Anti-cancer [45]

Cardiovascular health [46]

and the common carotenes found in microalgae are lycopene and 
ß-carotene (Figure 2).
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Wastewater Treatment

	 Generally, there are two subsequent treatments (i) for 
the sedimentation of materials; (ii) to oxidize the organic materi-
als. Then, the wastewaters are disposal to aquatic environment 
[53]. Aquaculture systems - as wastewater treatment and recy-
cling - have been draw attention, mainly due to their capacity to 
simultaneously solve environmental and sanitary issues. In ad-
dition, these processes can be economically feasible [54]. In this 
sense, aquaculture systems, in particular those that apply algae 
take advantages of oxygen production, which favors heterotro-
phic bacteria.
	 Hammouda et al. [54] tested microbial consortium 
comprised by Chlorella and Scenedesmus for the treatment of 
wastewater in both batch and continuous modes. The authors 
described a progressive and high reduction of chemical oxygen 
demand; 89% and 91.7%, in batch and continuous modes, re-
spectively [54].
	 Murwanashyaka et al. [53] detailed a study that green 
microalgae Chlorella sorokiniana FACHB-275 was cultivated un-
der both light and lightless conditions. The cultivation aimed to 
remediate wastewater under heterotrophic conditions. Prelimi-
nary results showed high tolerance from nitrogenous and phos-
phorous compounds. The authors described the relation between 
initial nutrient content and removal efficiency. The highest re-
moval efficiency reached 99% (123.6 mg N/L and 26.8 mg P/L) 
[53].
	 Chlorella sp. was already tested to remediate aquacul-
ture wastewater (fish farm) aerated with boiler flue gas waste-
water. Thus, the authors proved that is feasible simultaneously 
reduce CO2 emission and produce microalgae biomass [54-55].

Bioremediation

	 Microalgae efficiently absorb heavy metals, for instance 
Chlorella vulgaris absorbed Pb+2, in which the highest adsorption 
rate was 15.4 mg/g.min [56-57].
	 Hammouda et al. [54] tested microbial consortium com-
prised by Chlorella and Scenedesmus for the treatment of waste-
water. The system proved to be efficient on simultaneous removal 
of Fe (from 0.99 to 0.02 mg/L), Ni (from 0.661 to 0.15 mg/L) and 
Cr (from 0.4 to 0.09 mg/L) [54].

Perspective, Advantages and Drawbacks

	 The microalgae cultivation is an eco-friendly and re-
newable process, which is aligned to the green chemistry con-
cept, in particular when the microalgae cultivation is integrated 
to flue gases (source of carbon). Thus, there is a strong trend that 
this type of bioprocess will be applied all over the world. One of 
the main advantages of microalgae cultivation, over other bio-
processes, is its versatility, for instance lipids (biodiesel); lipids 
(polyunsaturated fatty acids – human nutrition and animal feed), 
pigments, proteins (peptide known as Chlorella-11), among oth-
ers [2,36].

	 Among the advantages of microalgae cultivation are: (i) 
seasonality - microalgae are cultivable throughout the year, which 
gives the microalgae cultivation advantages over all oilseed crops; 
(ii) microalgae cultivation is a submerged bioprocess, neverthe-
less, it needs less water than agricultural land crop; (iii) microal-
gae cultivation does not compete with production of food, since 
brackish water on non-arable land can be used; (iv) microalgae 
have fast growth (≈ 3.5 h generation time) and high oil concentra-
tion (20-50% - dry weight of biomass); (iv) it is an environmen-
tally friendly process (green chemistry concept), since occurs the 
biofixation of CO2 (1 kg of dry microalgae biomass utilize ≈ 1.83 
kg of CO2); (v) the nutrients can be obtained from wastewater, in 
particular nitrogen and phosphorus (↓ production cost and waste 
treatment), (vi) simultaneous production of valuable products 
(e.g. proteins and lipids) [2].
	 Although there are several potential microalgae appli-
cations, in particular those using genus Chlorella, there is still 
room for improvement, for instance, the  production  efficiency  
must  be  increased  three  times  and  production costs  must  be  
reduced  ten  times, whereas Brennan and Owende, pointed out 
the main challenges on microalgae biofuel technology, including 
(i) to achieve high photosynthetic efficiency on continuous pro-
duction mode; (ii) the cultivation using single species of microal-
gae (not susceptible to contamination); (iii) few industrial scale 
plants are current in operation (lack of knowledge), (iv) integra-
tion between flue gases and microalgae cultivation [2,9].

Conclusion

	 The microalgae cultivation is one of the most promis-
ing bioprocesses due to its technical easiness and versatility. 
Very likely, the microalgae cultivation will be applied all over the 
world. Among the potential applications of genus Chlorella, the 
production of biofuels, in particular biodiesel, the supplementa-
tion of foods (polyunsaturated fatty acids) and wastewater treat-
ments (reduction of chemical oxygen demand) are the most fea-
sible ones.
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