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Abstract
Objectives: The aim was to determine the biodegradation potential of crude oil by Chlorella sp. under mixotrophic 
conditions, as well as the capacity of production of biomass and photosynthetic pigments. Methods / Statistical Analysis: 
Concentrations of 5 g/L, 10 g/L, 15 g/L and 20 g/L crude oil were evaluated for 15 days with light intensity of 2500 
lux, the oil mass removed, the production of biomass and photosynthetic pigments were measured. The treatments were 
carried out in triplicate and expressed as the mean ± the standard error. A ANOVA and Tukey test were carried out for 
the significant differences. Findings: The microalga Chlorella sp. under the conditions of mixotrophic growth showed the 
highest average mass removal of crude oil at concentrations of 10 g/L with a percentage of 96.64% on day 15, as well as 
high biomass production with 0.0786 g/mL and photosynthetic pigments on day 12 with 0.575 μg/mL for carotenoids and 
1,740 μg/mL for chlorophyll-a, while chlorophyll b production was higher at the same concentration but on day 15 with 
1,317 μg/mL. These results show that Chlorella sp. It has the capacity to grow under different concentrations of crude oil 
and this is positively influenced with high biomass production and high content of photosynthetic pigments with potential 
for biotechnological applications. Improvements / Applications: The mixotróficos growth conditions in vitro using crude 
oil as the sole source of carbon stimulate the productivity of algal biomass and photosynthetic pigments.

1. Introduction
Environmental pollution has been positioned as the most 
important problem affecting the world1, being one of the 
main environmental deteriorations of soil and water pol-
lution by hydrocarbons of the oil2, whose pollution is 
the responsibility of all sectors of the oil industry such 
as extraction, refinement, transport and consumption. 
Crude oil, also called black gold, is the most important 
natural resource in industrialized countries, but its pro-
duction and transport can cause serious environmental 
pollution and interrupt the populations of organisms3. 
There is a lot of documented information about the seri-

ous damage caused by oil spills on ecosystems and on 
marine organisms, sediments, mammals, fish, coral reefs, 
birds, reptiles and surface water bodies4 -5.

In addition, the oil spilled on bodies of water cre-
ates a film on the surface that reduces the passage of 
sunlight responsible for photosynthesis6 increasing the 
anaerobiosis of the system. Moreover, Total Petroleum 
Hydrocarbons (TPH) are an important group of persis-
tent organic pollutants in the environment, with great 
toxic power for human health and many organisms7. 
Polycyclic Aromatic Hydrocarbons (PAHs) are the most 
toxic components of crude oil and are associated with 
carcinogenic, teratogenic and mutagenic effects in both 
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animals and humans8,9 and given their nature hydropho-
bic can persist for long periods of time10.

Bioremediation implies the use of living organisms 
and all their biochemical machinery to degrade and/or 
transform pollutants into less toxic forms of the environ-
ment11, which has proved to be an effective, safe and less 
expensive technique12.

However, a limitation of the bioremediation technique 
with microorganisms is the availability of nutrients such 
as nitrogen and phosphorus, affecting the speed of oil 
degradation13. Although the advances in molecular tech-
nologies on recombinant DNA have allowed the genetic 
improvement of many organisms and favor the speed of 
remediation14 the use of this technique increases the costs 
in its application. 

The main components of crude oil are naphthenes, 
asphaltenes, waxes, asphalts, aromatic hydrocarbons, 
resins and other volatile compounds such as benzene, 
toluene, ethylbenzene and xylene15.Many compounds 
such as pyrene, benzo (a) pyrene and Criseno are carci-
nogenic, mutagenic and teratogenic9 and therefore the 
U.S. Environmental Protection Agency (US-EPA) has 
considered 16 HAP as a priority contaminant. In addition 
to this, natural and accidental spills of crude are causing 
serious damage to life on the planet16.

However, there are different cleaning techniques 
in case of oil spills and can be classified into four main 
groups: physical methods, chemicals, natural processes, 
biological and a combination of these can be used to 
achieve effective cleaning17, but when choosing the appro-
priate technique, it must have a good cost-benefit balance, 
and that is where the biological remediation processes 
gain prominence due to their low cost and high efficiency 
gaining wide scenarios in the recovery of contaminated 
sites18.

There are many species of remedial microorgan-
isms, including some species of microalgae such as 
Monoraphidium braunii, Chlamydomonas reinhardtii, 
Chorella sp.,etc., fungi such as Tramates versicolor, 
Pleurotus eryngii, Phanerochaete chryososporium, etc., 
and the bacteria Pseudomonas aeruginosa, Rhodococcus 
erythropolis, etc., which have catabolic pathways for the 
degradation of contaminants11.

Algae are essential organisms in aquatic ecosystems 
and because they are primary producers they play an 
important role in the trophic chain, providing oxygen 
and organic substances to other life forms, being Chlorella 

vulgaris an important species due to its potential use to 
degrade or adsorb a variety of organic pollutants19.

Therefore, the cultivation of microalgae in wastewa-
ter is spreading widely for the elimination of nutrients, 
control of the physical chemical parameters, as feedstock 
for the production of biofuel20, elimination of antibi-
otics21-22, removal of phenol and polycyclic aromatic 
compounds23,24, thanks to its high adsorption capacity, 
bioaccumulation, biotransformation and biodegrada-
tion25. That is why in this investigation it was proposed to 
determine the potential of biodegradation of crude oil by 
the microalga Chlorella sp.

2.Methodology 

2.1 Culture Medium and Growth of 
Chlorella sp 
The biomass of Chlorella sp. was obtained under mixedo-
trophic conditions, supplementing the 2.5L of culture 
medium with 4mM of Nutrifoliar with a cell concentra-
tion of 1x106 UFC measured with 647nm wavelength26, 
and maintained at 30±1°C for 18±1 days with light and 
constant agitation for 24 hours27. Daily measurements 
were taken on the same land with a UV-vis spectropho-
tometer (Spectroquant Pharo 300 from Merck).

Separation and washing of the biomass: Once the 
fiore actor enters the stationary phase (18±1 days), the 
microalgae will be separated by centrifugation at a speed 
of 4000 rpm for 5 min and washed with distilled water to 
dissolve any type of salt present in excess.

2.2 Biodegradation Activity of Crude Oil 
Residual oil and algal biomass were extracted with petro-
leum ether, concentrated in a rotary evaporator under 
reduced pressure and temperature, then dissolved in 
n-hexane to be analyzed by gas chromatography coupled 
to spectrometry of mass (GC/MS)28.

The cleaning percentages of the crude oil compounds 
were calculated using the following formula:

( ) 0

0

% 100C TR x
C

 −
=  
 

Where R is the cleaning percentage of crude oil com-
pounds by microalgae, C0 is the initial mass of crude oil 
and T corresponds to the mass after each treatment.
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2.3 Determination of Dry Weight
A volume of 5 mL of microalga suspension was taken, 
centrifuged and washed successively with sterile distilled 
water, then dried at 80°C to constant weight. The results 
were expressed in g/L of microbial suspension28.

2.4 Estimation of Chlorophyll a, b and 
Carotenoids Pigment
A defined volume of 5 mL of the algal suspension was 
centrifuged at 8000 rpm for 10 min; after that, the algae 
granules were treated with 5 ml of ethyl alcohol and were 
kept in a bain-Marie for 30 min at 55°C, then centrifuged 
again. It was made sure that the color of the granules 
was white to guarantee the maximum extraction of pig-
ments. The absorbance of the extract was measured in a 
Spectroquant Pharo 300 spectrophotometer from Merck 
at 650, 665 and 452nm. The calculations were made 
according to the formulas proposed29 for chlorophyll-a, b 
and carotenoids.

3. Statistical Analysis
The results of each treatment will be compared by analysis 
of variance (ANOVA), the significant differences between 
the means will be determined using the Tukey range mul-
tiple test (P≤0.05).

The experiments were performed in triplicate express-
ing the results as the mean ± the standard error. The 
analyzes were performed in the InfoStat software.

4. Results and Discussion

4.1 Biodegradation Activity of Crude Oil 
The analysis by GC/MS achieved the identification of 135 
compounds present in the sample crude oil; of which 68 
correspond to PAHs, achieving in all treatments removal 
percentages above 67% of the total compounds, while 
the highest percentage of removal was obtained on day 
6 with 83% and an 82% removal of polycyclic aromatic 
hydrocarbons (Table 1). Also, from day 6 to day 15 more 
than 71% of the PAHs were removed, which shows that 
the phytoremediation is a viable biological strategy for 
the removal of compounds present in crude oil, such as 
PAHs, which have reported irreversible effects on human 
and animal health9.

Table 1. Quantity of compounds identified by GC/MS 
in all treatments

Crude 
oil

Removal of 
compounds (%)

HAPs HAPs 
Removed (%)

Control 135 68 50

D1 45 67 25 63

D2 43 68 24 65

D3 35 74 24 65

D6 23 83 12 82

D9 37 73 19 72

D12 36 73 18 74

D15 36 73 16 76

With respect to the amount of crude oil mass 
removed, significant statistical differences were found 
(p-value<0.05) between the concentrations of crude oil 
used, as well as between the days of activity (Figure 1), 
showing the highest average removal rates of oil on day 15 
(Figure 1 A) at the concentration of 10 g/L (Figure 1 B).

Figure 1. Biodegradation activity of crude oil by Chlorella 
sp. A: Tukey´s test for biodegradation activity for days. B: 
for concentrations. C: Effect of different concentration of 
crude oil on the growth of Chlorella sp. for days and D: by 
concentration.

However, there were no significant statistical differ-
ences (p-value>0.05) in the removal of oil between days 
9 and 12. In addition, the concentration of 10 g/L was the 
one that showed the highest average growth of Chlorella 
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sp. with an OD of 2.264 (Figure 1 C), as well as the high-
est removal percentage with 96.64% of crude oil (Figure 1 
D), which demonstrates a high rate of oil removal at said 
concentration, this the most optimal, since if the concen-
tration of oil is increased, the efficiency of the removal 
decreases. Nevertheless, it has been shown that C. vul-
garis shows resistance when exposed to concentrations 
of 20g/L of oil, achieving a remediation of 94% of light 
hydrocarbons and 84% for heavy hydrocarbons after 14 
days3. Therefore, it is demonstrated that algae can grow in 
the presence of organic contaminants and can be used as 
promising agents able to bio-transform and biodegrade 
aromatic contaminants present in the environment30 and 
use them as nutrients for their growth31.

It should be noted that the use of consortiums for the 
degradation of hydrocarbons are an important remedia-
tion strategy28, since several studies have demonstrated 
the potential of microalgae-bacteria consortiums to bio-
degrade these pollutants under heterotrophic growth 
conditions32. However, the biological potential is deter-
mined by the presence of pollutants in the environment, 
which can affect the enzymatic activity of organisms, 
either increase or decrease that activity, mainly of the 
enzymes peroxidase and superoxide dismutase that is 
closely related to contaminant resistance and can be 
used as environmental biomarkers33. In addition, the 
peroxidase activity was determined over several species 
of marine microalgae, finding that low concentrations of 
parathion positively stimulates peroxidase activity, and 
this is reflected in an increase in cell division34.

4.2 Determination of dry weight
Significant statistical differences were found between the 
dry weight of Chlorella sp. by concentration and by day, 
showing the highest average dry weight, the concentra-
tion of 10 g/L of oil with 0.0433 g/mL of algae (Figure 
2 A), being the 15th highest average with 0.0488 g/mL 
(Figure 2 B), results superior to the control (Figure 2 C).

The production of dry biomass of Chlorella sp. it is 
influenced by the exposure to crude oil, since it shows an 
increasing trend from the control to the concentration of 
10 g / L, after which it drops suddenly in the concentra-
tion of 15 g/L to 20 g/L (Figure 2 C) possibly due to the 
intoxication of the microalgae with this contaminant, 
which is reflected in its low growth at these concentra-
tions compared to 5 g/L and 10 g/L, but higher than the 
control (Figure 1 C).

Figure 2. Determination of the dry weight of Chlorella sp. 
A: dry weight estimation by concentration. B: for day. C:  dry 
weight ratio by concentration and day.

Chlorella sp. experience accelerated growth under 
mixedotrophic and heterotrophic conditions, com-
pared to autotrophic growth19,35, reaching dry biomass 
production yield between 0.050 to 0.10 g/mL under het-
erotrophic conditions, while in autotrophic cultures the 
yields were low, around 0.030 g/mL2. In addition, under 
heterotrophic conditions the dry weight production of C. 
pyrenoidosa was 0.0706 g/mL36 and for C. protothecoides 
it was 0.048 g/mL, consistent results to those reported 
37 in this investigation where high production of algal 
biomass is evidenced when it is subjected to different 
concentrations of hydrocarbons, because in these grow-
ing conditions it increases the yields of generation of ATP 
(mg of biomass generated per mg of ATP consumed) 
compared with autotrophic means35. Furthermore, the 
dry weight of C. vulgaris increases with the increase in 
the concentration of crude oil, which indicates that this 
pollutant stimulates its growth3, therefore increases the 
production of biomass under mixotrophic conditions 
compared to heterotrophic38.

Chlorella mixotrophic culture proved to be a good 
strategy to obtain high rates of cell density (Figure 1 C) 
and high yields of algal biomass (Figure 2 C) with the 
additional benefit of producing photosynthetic metab-
olites (Figure 3 D, E and F). Obtaining considerable 
quantities of algal biomass is very important, since it can 
be used for the production of biofuels such as biodiesel, 
bioethanol and biogas39-41.
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4.3 Estimation of pigments chlorophyll a, b 
and carotenoids
Significant statistical differences were found among all 
types of pigments, showing higher chlorophyll-a pro-
duction with a mean of 0.96 μg/mL (Figure 3A) at a 
concentration of 10 g/L of oil (Figure 3 B), showing that 
the environments contaminated with crude oil favors the 
production of all the pigments with respect to the control 
(Figure 3 D, E, F). In addition, the highest average of these 
pigments was found on day 12; although this period did 
not show significant differences with day 9 (Figure 3 C).

Figure 3. Estimation of pigment production. A: Tukey´s 
test by types of pigments. B: by concentration C: for 
day. D: Estimation of carotenoids. E: Chlorophyll-a.  F: 
Chlorophyll-b.

Pigments are chemical species that absorb and emit 
light at a certain wavelength of the visible spectrum, being 
of absolute importance in the photosynthetic system of 
the microalgae, standing out three main groups (a) the 
chlorophylls: they are found in all the higher plants and 
photosynthetic algae; (b) carotenoids: present in most 
algae; and (c) phycobilins: exclusive of cyanobacteria and 
some red algae, all produced under autotrophic condi-
tions42.However, under heterotrophic conditions without 
luminosity significant amounts of chlorophyll have been 
produced43, showing expression of the photosynthetic 
system44.

Carotenoids are pigments that fulfill different func-
tions during photosynthesis such as the capture of light, 
photoprotection thanks to their antioxidant capacity, the 

release of O2, the dissipation of excess energy and the sta-
bilization of the structure45. Therefore, its production is 
influenced by the pollutant, because concentrations of 5 
g/L and 10 g/L of crude oil were the ones that showed the 
highest average production of these pigments compared 
to the control.

Similar results have reported a substantial increase in 
the production of chlorophylls and carotenoids by C. kes-
sleri as the concentration of crude oil increased28, whereas 
in heterotrophic media, greater production of these pho-
tosynthetic pigments has been shown in comparison with 
photoautotrophic means38. While the production of bio-
mass by Chlorella sp. did not find statistical differences 
between algae exposed to natural growth conditions with 
direct sunlight and photoperiod of 12 hours of light and 12 
of darkness, although the algae exposed to direct sunlight 
presented pale green color translated to low chlorophyll 
production possibly by photoinhibition46.

This indicates that light intensity is an important factor 
when obtaining photosynthetic pigments of these micro-
organisms. The photosynthetic pigments chlorophyll and 
carotenoids are of high industrial value, because they can 
be used in cosmetology, pharmaceutical and food indus-
try as additives47-50.

5. Conclusions
Crude oil hydrocarbons stimulated the productivity of 
biomass and photosynthetic pigments during Chlorella 
sp. in mixotrophic conditions, since this pollutant acted 
as the only carbon source, which shows that the microalga 
metabolizes it, either by bio-degrading it, bio-transform-
ing it and exploiting it for its growth and survival. So this 
research marks the course of the use of microalgae as an 
excellent bioremediation strategy applicable to oil spill 
tragedies, to alleviate negative environmental impacts.
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