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Microalgae are gaining attention as a potential source of fermentable sugars, since some species
can accumulate high contents of intracellular starch. Therefore, the aim of this work was to study
the enzymatic hydrolysis of the starch-rich green microalga Chlorella sorokiniana. Enzymatic and
physical methods were evaluated for the disruption of the microalga's cell wall, and it was found
that cellulases were not effective in disrupting this structure. After milling, the intracellular starch
was easily hydrolyzed by fungal amylases without a gelatinization step, with a final glucose yield of
99 % after only 5 hours of hydrolysis. It was possible to increase the solids loading up to 25 % (m/m),
promoting an increase of 350 % in the final glucose concentration with a yield loss of only 24 %.

1. INTRODUCTION

Microalgae research has been growing in number and importance in the last decades. Besides high
added value products, such as carotenoids, polyunsaturated fatty acids and proteins, microalgae
are being studied for the production of commodities, such as biodiesel (Chisti, 2007) and
bioethanol (John et al., 2011). Besides bioethanol, glucose can be further upgraded into other
molecules with the potential to substitute petroleum-derived chemicals (Bozell and Petersen,
2010). Under the right cultivation conditions, Chlorella sorokiniana, a green microalga with a high
potential for industrial application (Morita et al., 2000), accumulated up to 30 % of its dry weight in
the form of intracellular starch. Therefore, the aim of the present work was to study the enzymatic
hydrolysis of this microalga in order to obtain a glucose-rich syrup.
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2. MATERIALS AND METHODS

Chlorella sorokiniana was grown in Bold's Basal Medium in an orbital shaker at 225 rpm, 30 °C and
100 umol.m?2.st for 20 days for starch accumulation. For the hydrolysis assays, two lab-made
enzyme preparations were used: the fungi Trichoderma reesei RUT C-30 and Aspergillus awamori
were cultivated to produce a cellulase-rich and an amylase-rich preparation, respectively.
Hydrolysis assays were conducted initially at 50 °C, pH 4.8 and 1 % (m/m) solids loading in
Eppendorf® tubes containing 1.25 mL of the hydrolysis mixture (enzymes, buffer and microalgal
cells); microalgal cells were used fresh or freeze-dried with or without a previous milling treatment.
Temperature and pH values were studied to maximize amylase activity and the new conditions of
60 °C and pH 4.0 were then used in hydrolysis experiments with solids loading varying from 5 % to
25 % (m/m), in flasks containing 12.5 mL of hydrolysis mixture. Glucose released from the
hydrolysis experiments was analyzed using a biochemical analyzer (YSI 2700).

3. RESULTS AND DISCUSSION

Enzymatic hydrolysis has been proposed to rupture the microalgal cell wall (Gerken et al., 2013),
making it possible for the amylases to hydrolyze the intracellular starch. Cellulose is said to
compose the cell wall of microalgae from the genus Chlorella (Northcote et al., 1958), although
there is evidence indicating otherwise (Blanc et al., 2010). Results from the characterization of the
carbohydrate fraction of Chlorella sorokiniana indicate that, if cellulose is present, it only accounts
for less than 2 % of the total dry weight of this microalga (Souza et al., 2017). Therefore, Chlorella
sorokiniana cells were hydrolyzed with a mixture of cellulases, for cell wall disruption, and
amylases, for starch hydrolysis. The influence of freeze-drying and milling in the hydrolysis process
was also assessed, and the results are shown in Figure 1.

The enzyme mixture used was not able to fully disrupt C. sorokiniana's cell wall, since the glucose
yields obtained with both fresh and freeze-dried cells were low. Milling fresh cells was also not very
effective for starch release, with a final glucose yield only slightly higher, of about 25 %. However,
when dry cells were subjected to milling followed by enzymatic hydrolysis, yields were greatly
enhanced, reaching 80 % of starch to glucose conversion in only 6 hours. The hydrolysis was
attributed exclusively to the enzyme mixture produced by A. awamori, since the preparation
containing both T. reesei and A. awamori gave the exact same results as the sole use of A. awamori
enzymes and the enzyme mixture produced by T. reesei alone gave much lower yields, of about 20
% (data not shown).
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Figure 1. Glucose yield achieved after 6 hours of hydrolysis of C. sorokiniana cells with an enzyme mixture rich
in cellulases and amylases produced by T. reesei and A. awamori

The increase in solids loading in hydrolysis process is important, since this will lead to lower water
consumption, smaller reactors and a more concentrated product stream. However, increasing
solids loading may lead to loss in hydrolysis yields due to problems in homogenization and mass
transfer (Modenbach and Nokes, 2013). The hydrolysis of dried and milled Chlorella sorokiniana
cells were evaluated with solids loading from 5 to 25 % (m/m) and the results are shown in Figure 2.
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Figure 2. Glucose yield (squares) and concentration (columns) achieved after 5 hours of hydrolysis of dried
althouand milled C. sorokiniana cells with an enzyme mixture produced by A. awamori
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Even though the hydrolysis yield decreased 24 % when the solids loading increased from 5 to 25 %,
the glucose concentration was increased by 350 %, indicating the potential of working in high solids
loading. A further increase in the solids loading, to 30 %, resulted in a thick mixture with poor
flowing properties, leading to a further reduction of the glucose yield to 63 %. However, in a scaled-
up system with better mixing properties, this result could be further improved, with the possibility
of reaching glucose concentrations higher than 90 g/L.

In all solids loading, high glucose yields were achieved within the first hours of hydrolysis, even
though a gelatinization step was not present in the process and the temperature used for the
hydrolysis was lower than the ones reported for microalgal starch gelatinization (Marsalkova et al.,
2010). This high hydrolysis rate was attributed to the disruption of starch structure by the milling
process used for cell wall rupture. Therefore, the chosen treatment method, although energy
consuming, may be translated into an energy saving in the hydrolysis process due to the lower
temperatures required when compared to the traditional starch hydrolysis process.

4. REFERENCES

Blanc, G., Duncan, G., Agarkova, l., et al. 2010. The Chlorella variabilis NC64A Genome Reveals Adaptation to
Photosymbiosis, Coevolution with Viruses, and Cryptic Sex. The Plant Cell 22, 2943-2955

Bozell, J. J., Petersen, G. R. 2010. Technology development for the production of biobased products from biorefinery
carbohydrates—the US Department of Energy’s “Top 10” revisited. Green Chem. 12 (4), 539

Chisti, Y. 2007. Biodiesel from microalgae. Biotechnol. Adv., 25 (3), 294-306

Gerken, H. G., Donohoe, B., Knoshaug, E. P. 2013. Enzymatic cell wall degradation of Chlorella vulgaris and other
microalgae for biofuels production. Planta 237 (1), 239-253

John, R. P., Anisha, G. S., Nampoothiri, K.M., Pandey, A. 2011. Micro and macroalgal biomass: A renewable source for
bioethanol. Bioresour. Technol. 102 (1), 186-193

Marsalkova, B. et al. 2010. Microalgae Chlorella sp. as an alternative source of fermentable sugars. Chem Eng Trans 21,
1279-1284

Modenbach, A. A., Nokes, S. E. 2013. Enzymatic hydrolysis of biomass at high-solids loadings - A review. Biomass
Bioenerg. 56, 526-544

Morita, M., Watanabe, Y., Saiki, H. 2000. High Photosynthetic Productivity of Green Microalga Chlorella sorokiniana.
Appl. Biochem. Biotechnol. 87, 203-218

Northcote, D. H., Goulding, K. J., Horne, R. W. 1958. The Chemical Composition and Structure of the Cell Wall of
Chlorella pyrenoidosa. Biochem. J. 70 (3), 391-397

Souza, M.F., Pereira, D.S., Freitas, S.P., Bon, E.P.S., Rodrigues, M.A. 2017. Neutral sugars determination in Chlorella: Use
of a one-step dilute sulfuric acid hydrolysis with reduced sample size followed by HPAEC analysis. Algal Research,
24 (A), 130-137


http://www.tcpdf.org

