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Abstract. Microalgae are microscopic photosynthetic organisms with generally simple nutritional needs. In recent times,
the production of microalgae has gained a new focus, production aimed at energy development due to some
characteristics present in its biomass. The microalgal biomass can contain from 1 to 70% of lipids, which aroused the
interest of research focused on the production of biodiesel. Microalgae are micro-organisms capable of presenting three
distinct metabolisms against the source of carbon available for growth: the autotrophic metabolism, where in the
presence of light and certain mineral salts the microalgae is capable of fixing carbon dioxide; heterotrophic metabolism,
where the microalgae need an organic carbon source present in the culture medium in the absence of light, and
mixotrophic metabolism, where the two previous metabolic forms are developed together. This study aimed to optimize
biomass production through heterotrophic cultivation of a mix of microalgae from the genus Scenedesmus, using an
experimental design technique. Variables such as the composition of the culture medium (glucose, sodium nitrate, and
sodium phosphate dibasic) were chosen and evaluated in three levels to observe their effect on biomass production.
Results showed that glucose had the largest effect on biomass production, resulting in an increase of 11.215 gL of
biomass when the level proposed in the design was used. The variable sodium phosphate had an effect of 1.215 gL, but
it was not statistically significant. The variable sodium nitrate had a negative effect when set at the high level, resulting
in a decrease of -1.765 gL™*. However, determining the optimal value of this variable could lead to better results. In
conclusion, the use of heterotrophic cultivation to produce biomass from the Scenedesmus mix may be an appropriate
practice for producing microalgal biomass, resulting in yields greater than those obtained through optimal cultivation
of other parameters not determined in this experiment.
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1. INTRODUCTION
Biofuel is one the sectors that applies biotechnology innovations the most. It has been gaining a greater space since

it is based on renewable sources while other fuels such as petrol have a future perspective of shortage and higher impact
on pollution.
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Renewable energy is no longer an option, but a necessity and the development of new methods for biofuels production
has become essential. Energy management strategies must be set to allow the introduction of biofuels without
compromising other sectors of the market.

Biodiesel consists in alkyl esters of vegetable oils or animal fat esterified with short chain alcohols. The Brazilian
transportation system is mostly road based and diesel is the main fuel that provides energy to the fleet. In Brazil, Biodiesel
has been added to diesel in greater proportions, but to keep increasing this biofuel portion it is necessary new research to
guarantee a satisfying quality and quantity to attend the country demand.

The main lipid source for biodiesel production in Brazil is soy, since it represents an enormous portion of Brazilian
agroindustry. The second source is tallow that is considered a byproduct by the livestock industry and therefore is easily
obtained.

The application of new raw materials may be a good solution, and one of the sources of oil that promises to be very
promising is microalgae. Microalgae are microscopic photosynthetic beings with relatively simple nutritional needs and
have an excellent potential for the generation of biofuels, since they have advantages such as compaction of the space
necessary for their cultivation, besides being even possible to cultivate it employing agro-industrial byproducts as
substrate. It has been an idea increasingly considered, as it has advantages such as: the reduction of the area needed to
obtain biomass, and there is no dispute over the agricultural areas destined for food production.

Catalyzers are required for biodiesel production, and they can be acid or alkali chemical compounds, heterogeneous
catalyzers or even enzymes.

Enzymatic catalyze is largely studied due to its advantages: selectivity, no secondary reaction, higher product purity
and an easier separation of the catalyzer from the product and remaining glycerin.

Although all the advantages, the enzyme employment still have serious limitations. The main of them is the large
time required by the reaction that, despite the lower temperature, increases the energy spent on it. However, the application
of biocatalysts has been well studied due to the presentation of interesting characteristics in the obtained product. The
high purity of the product obtained is the main advantage of this method, but the yields obtained by this type of catalysis
still cannot overcome those obtained by chemical catalysis, which makes its study and optimization so relevant.

The high cost of the enzymes is another limiting factor, but some strategies can be adopted to lower the costs and
reduce the steps of its obtainment. The traditional fermentations used to produce them employ expensive nutritional
media, but with alternative methods it is possible to substitute these media by residues as substrate for solid-state
fermentation (SSF). Beyond serving as substrate, the residue can act as an inert support for the enzyme, allowing it to be
reused several times and thereby reducing the costs.

This work aim was to produce biomass from microalgae through heterotrophic culture to extract its oil in order to use
it to produce biodiesel from enzymatic reaction.

2. MATERIAL AND METHODS
2.1 Heterotrophic cultivation of microalgae Scenedesmus obliquus

A 2 m? inoculum of Scenedesmus obliquus was produced in a rectangular tank (0.6 m high x 2.10 m long x 1.6 m
wide) using the Chu culture medium (CHU, 1942), with PH 7.0 under constant aeration. This material was used to
inoculate a compact 12 m? photobioreactor (10 m? area, 8 m high, 5 m long and 2 m wide), which has 3.5 km of transparent
PVC tube in its structure. The photobioreactor is in the outer area of the laboratory and exposed to the external
environment. The photobioreactor used only sunlight as a light source, the only source of carbon was the CO, contained
in the compressed air injected into the system through a 10 m high and 1.1 m diameter gasser-degasser column. One week
after inoculation, a volume of approximately 2 L was withdrawn and used as inoculum for the heterotrophic growth
experiments.

2.2 Optimization of microalgae production by heterotrophic cultivation

To optimize the biomass production of Scenedesmus obliquus, the experimental planning technique was applied.
Three variables concerning the composition of the culture medium were selected: glucose (CsH1206, carbon source),
sodium nitrate (NaNOs, nitrogen source) and dibasic sodium phosphate (NazHPQO.). The concentrations at which these
compounds were varied can be seen in Table 1.

Table 1. Levels proposed for the experimental planning variables for biomass production of Scenedesmus obliquus.

Variable -1 0 +1
Glucose 30 50 70
Sodium nitrate 8 12 16
Sodium phosphate | 0.05 | 0.10 | 0.15

* All variables are given in g.L™
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Cultures were carried out in 250 mL Erlenmeyer flasks containing 200 mL of Walne's medium (Andersen, 2005)
with pH adjusted to 7.4 in addition to the compounds mentioned above. Each vial received as inoculum 2x10%
Scenedesmus obliquus cells obtained as described in the previous item, with the cultures incubated in Shaker at 30 °C and
180 rpm for 11 days. The final biomass content in each culture was observed by gravimetric method. The levels proposed
for this factorial planning were based on previously performed.

For this experiment, the value of p <0.05 was assumed, which indicates the probability that the result obtained is
generated by chance or by the variable, in this case, the confidence level of 95% is assumed as significant. The
experimental design and analyzes of the effects generated by the variables as well as their p values were calculated using
the software Statistica 7.0.

3. RESULTS AND DISCUSSION
3.1 Heterotrophic cultivation of microalgae Scenedesmus obliquus

The experimental design was applied with the purpose of obtaining the best culture medium to produce microalgal
biomass in a small number of experiments. The results obtained in each assay can be seen in Table 2.

Table 2. Matrix of the experimental planning and results obtained for the biomass production of Scenedesmus obliquus.

Experiment | Glucose | Sodium nitrate (NaNOs) | Sodium phosphate (Na2HPOu4) B(';TE;SS
1 -1 -1 0 9.43
2 1 -1 0 22.96
3 -1 1 0 8.63
4 1 1 0 18.87
5 -1 0 -1 10.87
6 1 0 -1 21.50
7 -1 0 1 8.87
8 1 0 1 19.33
9 0 -1 -1 15.07
10 0 1 -1 14.73
11 0 -1 1 20.33
12 0 1 1 18.50
13 0 0 0 18.93
14 0 0 0 20.90
15 0 0 0 19.53

In all proposed treatments, the secretion of lipases can be observed. The estimation of the effects and values of p for
each variable can be observed in Table 3.

Table 3. Estimation of the effect of the variables on the biomass production of Scenedesmus obliquus.

Variable Effect® | pValue®
Glucose 11.215 | 0.000104*
Sodium nitrate -1.765 0.3736
Sodium phosphate 1.15 0.5363

a Effect caused by the independent variable in biomass production (response variable) when the concentration of the
variable is raised from the minimum level (-1) to the maximum level (+1).
®95% confidence level.

Of the three variables tested, only for the variable glucose was observed statistical significance at a confidence level
of p <0.05, showing an effect of 11.215, that is, when the concentration of this variable was raised from the minimum
level to the maximum level there was a gain of 11.215 gL* of biomass.

The other two variables presented lower significance, but the sodium nitrate variable presented a negative effect (-
1.765 gL™Y), which resulted in the determination of its ideal concentrations for the best biomass production, which can be
observed in the surface graphs in Figure 1.
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Figure 1. Response surface graphs showing the interaction between (A) glucose and sodium phosphate concentrations;
(B) glucose and sodium nitrate and (C) sodium phosphate and sodium nitrate in the production of biomass.

The heterotrophic cultivation has presented expressive results when compared to the autotrophic culture in the
production of microalgae biomass. Azma et al. (2011) used experimental planning to optimize the biomass production of
the Tetraselmis suecica microalgae, obtaining about 28 g.L, a result like that obtained in this experiment. This result is
quite promising when compared to the autotrophic culture, where the biomass concentration is around 1 g.L, a fact that
justifies the use of an organic carbon source such as glucose.

4. CONCLUSION

Microalgae oil-based biodiesel and enzymatic catalyze are techniques applicable in lab-scale only, it is necessary the
development of larger scales.

The direct application of the fermented solid containing the enzymes in the esterification reaction represents a big
advance because it reduces costs and time since it requires fewer steps in the enzyme obtainment.

More studies are necessary aiming the costs reduction and the exploitation of residues for enzymes and microalgae
obtainment; this is a promising path for the sustainable development in biofuel production.
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