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Introduction
In the current work, the macronutrient content of microalgae 

Chlorella vulgaris is reported in a standard growth media and also in 
media of varying concentration of nitrogen. Also the major fatty acids 
in the lipids extracted from the microalgal biomass are reported.

Large scale microalgae cultivation actually represents a potential 
new source of renewable energy in the form of biofuel. Microalgae are 
individual plant cells which have the ability to photosynthesize and 
therefore utilize CO2, micronutrients and solar light to multiply and 
produce carbohydrates, lipids and proteins. Microalgae cultivation has 
several advantages over land grown crops. The major advantages are 
1) a much faster growth rate, 2) the fact that their cultivation does not 
need the application of insecticides and pesticides and 3) the potential 
for cultivation in large scale in either open ponds or closed photo‒
bioreactors. As microalgae cultivation removes atmospheric carbon 
dioxide their cultivation can be potentially scaled up in such a way as to 
absorb CO2 emissions from fossil fuel burning factories. Additionally, 
the spent algal mass, after the oil extraction, can be used either as 
an animal feed, since it contains substantial quantities of proteins, 
carbohydrates, some remaining oil and various micronutrients, or 
as an agricultural soil additive-nutrient enhancer. In recent years, 
several studies have been carried out both on a fundamental and on an 
applications oriented basis concerning the synergistic cultivation of 
microalgae for biofuel production with biological CO2sequestration.1‒5 
This constitutes a priority for many governments, especially in places 
where conditions are favorable for cultivation of microalgae. Prices 
of oil, limited resources, and environmental pollution including 
greenhouse gas effect caused by fossil fuel burning are pressing 
for alternative and recycle fuel forms. Particularly, current research 

effort on biofuel production from algae mainly focuses on cultivating 
microalgae due to its less complex structure, fast growth rate, and 
high oil content. Several studies report that microalgae utilization 
as feedstock for biofuel production constitutes a great challenge 
nowadays and that it has a lot of advantages compared to conventional 
terrestrial crops.6‒10 Besides, the great potential of microalgae to serve 
as solar‒powered factories and reveal further considerable advantages 
compared to plant‒based production systems is also demonstrated in 
other studies.11,12

Microalgae contain many macro and micronutrients suitable for 
human nutrition.13‒15 Species from genus like Scenedesmus, Spirulina 
and Chlorella have been searched and used both for human and 
animal nutrition. Lately, the use of microalgae as additive in animal 
feed is becoming important due to the realization that the protein 
content of some algae species is up to 60% of its mass on a dry 
basis.16‒18 Their carbohydrates are in the form of glucose, starch and 
other polysaccharides. As animal feed they can be incorporated into 
other feed (grains) in various proportions. The main applications are 
primarily in fisheries and poultry farms and secondarily in other farm 
animals. Their protein content is much higher than that of grains. 
Microalgae protein is also more balanced in the essential amino 
acids needed not only in animal nutrition but also in human nutrition. 
Amino acid distribution in the protein of some species of microalgae 
seems to be far superior when compared to grain protein. The lipids 
of many algae species also possess an important feature: they contain 
substantial quantities of ω‒3 fatty acids (α‒linolenic acid), up to 35% 
of their total lipid content, rendering them an important dietary factor 
for animal and human nutrition.

The most promising application as a nutritional supplement seems 
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Abstract

In the current research, the macro- and micro‒nutrient profile of Chlorella vulgaris 
microalgae, grown in bioreactors set in solar greenhouse, is reported. Actually, 
unicellular algae species present new opportunities for producing a variety of 
sustainable and eco-friendly products, as they possess several advantages when 
compared to conventional crops, such as faster grow rates, cultivation in open or 
closed bioreactors without the use of energy consuming and environment polluting 
pesticides and insecticides. Of great importance is their macro‒ and micro-nutrient 
content that constitutes another opportunity for harvesting and exploiting algae as 
an additive to animal feeds and supplement to human nutrition. Typical nutrient 
composition of the dry algal biomass of a sample grown in typical growth media and 
bioreactor conditions is lipids 24‒33%, proteins 31‒36%, starch 4.2‒4.6%, total fiber 
10‒11.4% and ash 8.7‒12.2%. For the three macronutrients, the lipid content can vary 
from 8% to 42%, while the protein content is found to vary between 34% and 40%. 
The total carbohydrate content varies between 7% and 20%. The content of Chlorella 
vulgaris biomass in antioxidant micronutrients also appears to be significant, offering 
a high antioxidant capacity, about 50% higher than that of red wine.

Keywords: Chlorella vulgaris, microalgae, macro/micro nutrient, composition, 
bioreactor, solar greenhouse, biofuel, FRAP
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to be in fisheries followed by chicken farms. With respect to its use in 
fish farming it appears that its content in ω‒3 fatty acids is especially 
useful and it been found that certain algae strengthen the immune 
system of fish.19‒22 In fish farms, certain species of algae can be fed 
directly as food after mixing with conventional feed (mostly grains) 
or indirectly as food to zooplankton which, can then be used as feed 
for fish. The most important zooplankton is copepods and various 
Artemisia species. Apart from an animal feed, algae also contain 
certain micronutrients which are very important as food supplements 
in human nutrition, most important of which seem to be astaxanthin 
and other carotenoids.14,15

Three other significant advantages in cultivating algae, besides 
those aforementioned, are 1) the immense number of species one can 
choose to suit a particular application, 2) the fact that their production 
can be put on an industrial scale and 3) that for a specific species of 
algae its macronutrient content can be altered during the course of 
cultivation by altering the process parameters. The last is especially 
useful in animal production. The protein and lipid content can be 
changed and this may be useful in chicken farm raising and perhaps in 
fisheries because, dietary needs during the poultry rising are different. 
Chicken early on require a diet rich in protein but in the later stages of 
farming they require a diet richer in lipids. Also, not only the percent 
lipid content can be changed by altering the process parameters but, 
also the fatty acid profile as well.

Various process parameters such as CO2, temperature and 
especially nutrient composition of the growth media affect lipid 
content in algal biomass.23‒27 Nitrogen concentration in the cultivation 
process significantly affects both growth rate and oil content of the 
algal biomass. Actually, all available nitrogen is utilized for synthesis 
of essential enzymes and cellular structures and nitrogen starvation 
promotes lipid accumulation. Since the amount of CO2 being taken 
up by the cell remains the same, the carbon is mainly used to make 
carbohydrates or lipids rather than proteins. Some researchers 
proposed a two-stage cultivation strategy: in the first stage, nitrogen 
exists in abundance in order to increase biomass, and in the second 
conducted under conditions of nitrogen starvation, the lipid content 
increases significantly. The source of nitrogen is also very important, 
as it was found that nitrate concentration favors biomass productivity 
while ammonium concentration results in oil content enhancement. 
On the other hand, under phosphorus shortage conditions, an increase 
in lipid production was observed, which is attributed to the breakdown 
of cell membrane of the phospholipids into neutral lipids in order to 
obtain phosphorus. In contrast, the addition instead of restriction of 
iron promotes the lipid production.

Both pH and CO2 supply also affect the macronutrient content. 
The maintenance of an optimum pH range throughout culturing is 
very important as it influences all aspects of media biochemistry and 
especially growth rates. Both, ionic absorption from the media and 
the metabolic biochemistry of the cell, strongly affect pH level, and 
in high performance cultivations their effect is powerful enough to 
overcome the neutralizing capacity of exogenous buffering agents. 
Nowadays, microinjection of strong acids and alkalis, metabolic 
balancing in heterotrophic cultures and regulated CO2 dissolution 
in both photoautotrophic and heterotrophic cultures, are the most 
practical and economical strategies for pH control. CO2 absorption 
varies from day to night and this affects the pH of the growth media. 
Some microalgal species flocculate in response to pH shifts but, 

spontaneous flocculation is however unpredictable and unwanted as 
it removes biomass from the reactor. Accumulation of biomass on 
the surface of the bioreactor in open system is unwanted because 
in the absence of adequate stirring and bubbling of air it leads to an 
adequate dissolution of CO2 

in the growth media. Sufficient mixing in 
all photo‒bioreactors ensures better CO2 supply and CO2 distribution 
and also prevents O2 accumulation and cell sedimentation.

Materials and methods
The microalgal species, Chlorella vulgaris, was obtained from 

the Experimental Psychology and Culture Collection of Algae at the 
University of Goettingen, Germany (EPSAG). It has been kept at 4°C 
and each vial was used within 3 months. The growth medium was 
of the following constitution suggested by Andersen et al.28: Each 50 
L growth medium contains: 0.2g KNO3

.L-1, 0.02 g K2HPO4.L
-1, 0.02 

g MgSO4
.7H2O

.L-1, 30 ml of soil extract.L-1 and 5 ml.L-1, of solution 
containing the following micronutrients: (1 mg ZnSO4

.7H2O, 2 mg 
MnSO4

.4H2O, 10 mg H3BO3, 1 mg Co(NO3)2
.6H2O,1 mg MoO4

.2H2O, 
0.005 mg CuSO4

.5H2O, 700 mg FeSO4
.7H2O and 800 mg EDTA).L-1.

The photo‒bioreactors were (3) circular reactors in series, of 
2.10 m in diameter and 40 cm in height, which were set in a solar 
greenhouse. One of the bioreactors was heated and aerated. Each 
was operated independently in a batch mode and the biomass was 
harvested at least 5 days after the growth had reached the stationary 
phase. The procedure was to flocculate the cells and return the growth 
media into the reactors and continue the growth supplementing the 
growth media with more nutrients. The flocculated biomass was 
dried and subsequently was dried up in an oven with circulating air 
at 30°C. Subsequently, the dried algal biomass was pulverized in a 
planetary ball mill at 350 rpm for 15 min. The pulverized biomass 
was weighed and the lipids were extracted with a mixture of hexane 
and isopropanol (in a ratio 3:2). To every 100 g of dried biomass, 500 
mL of the solvent mixture was added. The extraction time was 6 hours 
at 25°C. After filtration of the biomass the solvent was evaporated 
in order to obtain the lipids. The fatty acid content of the lipids was 
obtained by converting the lipids into their corresponding methyl 
esters by the process of transesterification and analyzing their profile 
with a gas chromatographer.

Analysis of biomass was also carried out in order to obtain 
the macronutrient content and ash content of the biomass. The 
macronutrients which were determined are: 1) total nitrogen (a measure 
of protein content), 2) starch, 3) lipids and 4) ENEO (refers to the 
remaining substances which are free of nitrogen and are not detected 
by the method used as they are lost in the solvent). Also the following 
were measured: 5) total fiber and 6) ash content. Total nitrogen and 
the lipid contents were determined via the Kjeldahl nitrogen and 
Soxhlet determination methods respectively. The carbohydrates in the 
dried algal biomass, with the exception of the starch, are lost during 
the process of extraction. The starch is converted into glucose with 
pancreatinase and subsequent hydrolysis with hydrochloric acid. The 
glucose is measured with the method of Luff‒Schoort. The percentage 
of starch in the sample is equal to the percentage of glucose determined 
times the factor 0.72. The ash content was determined by burning a 
pre-weighted sample first in a Bunsen burner and then in an oven at 
575°C.

The content in various metals such as Na, K, Cu, Zn, Mn, Fe, 
Ca, Mg, Ni, Pb, Cr and Cd was determined via combustion with 
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acids (10 mL HNO3+5 mL HCLO4), filtration and atomic absorption 
measurements of these metals in the filtrate. Total phosphorus was 
determined with the standard AGCD method.

Results and discussion
Three different sets of biomass samples were prepared for 

macronutrient analysis as follows: Set 1 (Sample 1 and Sample 2) was 
obtained after lipid extraction using ultrasound followed by limited 
drying naturally in air. Set 2 (Sample 1 and Sample 2) was obtained 
by drying biomass in the oven (complete moisture removal) at 40°C 
for several hours and, after pulverization of the sample at 300 rpm, 
extraction of the lipids with a mixture of isopropanol and hexane. Set 
3 (Sample 1 and Sample 2) was dried in the oven also at 40°C for 
several hours but the lipids were removed. The macronutrient analysis 
of the three sets of samples is shown in Tables 1‒3.

Table 1 Macronutrient content after removal of lipids with ultrasound and 
drying the samples naturally, without removing all the moisture

Type of Component Sample 1 (%) Sample 2 (%)

Ash 4.89 6.73

Starch 2.21 3.23

Total nitrogen 16.72 29.19

Lipids 0.51 3.52

Moisture 63.1 45.01

Total fiber 4.83 8.77

ΕΝΕΟ* 7.74 3.55

Table 2 Drying in oven and removal of lipids by pulverization and subsequent 

extraction

Type of Component Sample 1 (%) Sample 2 (%)

Ash 13.25 12.24

Starch 5.98 5.87

Total Nitrogen 45.3 53.08

Lipids 1.38 6.4

Total Fiber 13.09 15.95

ΕΝΕΟ* 21 6.46

Table 3 Drying in an oven and pulverization without lipid removal

Type of Component Sample 1 (%) Sample 2 (%)

Ash 10.19 8.74

Starch 4.6 4.19

Total Nitrogen 34.85 37.91

Lipids 24.14 33.16

Total Fiber 10.07 11.39

ΕΝΕΟ* 16.15 4.61

Total ENEO (Free of Nitrogen Extractable Substances) are considered as 
carbohydrates

Therefore the total carbohydrate content is about 20.77% for 
sample 1 and about 8.8% for sample 2. By observing Tables 1‒3, 
it is evident that no complete lipid removal is possible either with 
the use of ultrasound or with extraction. The total nitrogen reflects 
the percentage composition of the dry biomass in proteins. Because 
about 5‒12% of the total nitrogen found in algae occurs in the cell 
membranes, in Table 3 the protein content in sample 1 should vary 
between 31.3% and 33% while in sample 2 it should vary between 
34.1% and 36%. It appears that the Chlorella vulgaris biomass is rich 
in protein and therefore it potentially can be used as a supplement in 
animal feed. Also, the lipid content is of great importance as, from an 
analysis of the fatty acid distribution it contains about 18‒19% ω-3 in 
the form of α‒linolenic acid.

Other nutrients obtained in the biomass are various antioxidant 
micronutrients. These have been measured as total phenolic 
compounds. Their presence is a measure of the antioxidant capacity 
of the biomass. The analysis performed measured the total amount 
of phenols as the equivalent of Gallic acid (GAE).29 This was found 
equal to 6000 μg (GAE).g-1 air dried biomass. As a comparison the 
values in red wine and dried oregano are 3000 mg (GAE) .L-1 and 
66 mg (GAE).g-1 respectively.30,31 By using the FRAP method the 
antioxidant capacity was measured equal to 43.1 μ mols FRAP.g-1.31 It 
therefore appears that the micronutrient content of Chlorella vulgaris 
biomass is significant. The high content of the biomass in ω‒3 lipids 
as well as its high antioxidant potential may be responsible for the 
strengthening of the immune system observed in fish when they were 
fed food supplemented with algal meal.19‒22

Table 4 shows the variation in lipid content as well as the biomass 
production of Chlorella vulgaris as the initial nitrogen content in the 
growth media is varied. The cultivation was performed in a batch mode 
and was terminated 5 days after the stationary phase was achieved.

Table 4 Total production of biomass (dry) of Chlorella vulgaris obtained per 

50 L growth media and lipid content of the dry biomass

Initial nitrogen 
concentration

Production of 
Chlorella vulgaris (g)

Lipid content 
(%) w/w.

Ν = trace 5.88 g 42%

N= 122.65 mg/L 15.91 g 32%

N= 590.15 mg/L 16.86 g 25%

N= 1057.65 mg/L 13.80 g 7%

A maximum lipid content of 42% was measured. However, in the 
case where higher percentages of lipids are wanted, this percentage 
can be increased significantly if the cultivation is continued well past 
the stationary phase and the reactor operated in a semi‒batch mode by 
adding K, P and very small amounts of N. In general, as the percentage 
of lipids is increased the percentage of proteins is decreased and vice 
versa. From Table 4 it appears that biomass productivity is affected by 
low or very high amounts of nitrogen. Lipid productivity is given by 
the following equation (Eq. 1):

XPL = PM LC …………… (1)

Where, PL and PM are the lipid and biomass productivities and LC 
is the lipid content of the biomass.
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It becomes evident that in order to maximize biomass productivity 
it is important to work with a specific nitrogen concentration 
depending on which species one works with.33 However, the lipid 
content is also highly dependent on the macronutrient concentration 
in the growth media and in general terms it increases as nitrogen is 
restricted in the growth media.34 Therefore, in order to maximize lipid 
productivity one has to maximize the lipid content while keeping 
biomass productivity nearly the maximum level. This, in continuous 
cultures will require starting up with a medium to relatively high 
nitrogen concentration in order to achieve high growth rates and, after 
the stationary phase has been achieved, it will require intermittent 
feeding of the bioreactor with nitrogen and other macronutrients along 
the length of the bioreactor in order to simulate the semi-batch mode 
and keep low the nitrogen concentration.

Table 5 shows the composition of the biomass of the algae 
Chlorella vulgaris in metals and phosphorus, while Table 6 shows an 
indicative composition of the lipids of Chlorella vulgaris in eight fatty 
acids occurring in highest proportions.

Table 5 Composition of Chlorella vulgaris in trace elements and phosphorus

Composition of Chlorella Vulgaris

Zn-Total (mg/kg) 213.2

Mn-Total (mg/kg) 6.37

Mg-Total (mg/kg) 96.2

Cu-Total (mg/kg) 54.4

Na-Total (g/kg) 2.1

K- Total (g/kg) 5.7

Fe- Total (g/kg) 4.99

P- Total (%) 0.67

As can it be seen from Table 5, the Chlorella vulgaris biomass 
is rich in important trace minerals, which are deemed important not 
only for animal nutrition but also potentially for human nutrition. No 
heavy metals such as Cd, Ni and As were detected. From Table 6 the 
concentration in α-linolenic acid is about 19% while, the concentration 
of linoleic acid (ω‒6) is very high about 43%.

Table 6 Composition of Chlorella vulgaris in fatty acids

Fatty acid Name Percentage in the 
lipids (% w/w)

C14:0 mirisitic acid 0.454

C16:0 palmitic acid 15.878

C16:1 Palmitoleic acid 0.426

C18:0 stearic acid 2.815

C18:1 oleic acid 17.778

C18:2 linoleic acid 43.18

C18:3 linolenic acid 18.45

C20:0 arachidic cid 0.223

Conclusion
The biomass of microalgae Chlorella vulgaris contains a complete 

array of macro and micro nutrients constituting it a potentially 
good source in animal feed and in human nutrition. By altering 

the macronutrient concentration in the growth media, the relative 
percentage of proteins and lipids can be manipulated in order to 
obtain biomass with the macronutrient proportions ideally suited for 
each occasion. Furthermore, algal species from a very large array of 
species can be grown.

In Chlorella vulgaris, a protein content as high as 53% w/w can be 
obtained. In addition, the protein amino acid composition favorably 
compares with that of soy and egg. The lipids contain relatively high 
percentage of α-linolenic acid. The biomass of Chlorella vulgaris also 
contains many important minerals and has a high antioxidant capacity, 
about 50% higher than that of red wine.
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