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Abstract
The use of biomass of microalgae as a feedstock to produce bioethanol is very promising, it is caused by a large amount of carbohydrates contained in microalgae physiology cell. The main obstacle of enzymatic hydrolysis in order to produce bioethanol is the bound starch granules in a rigid cell wall. Therefore, pre-treatment steps needed to remove and convert complex carbohydrates into simple sugars before the fermentation process. Tetraselmis Chuii microalgae species are green microalgae (Chlorophyta) in which the cell wall containing cellulose and hemicellulose as the main constituent, therefore, this study observe the effect of the use of cellulase enzymes and xylanase as a strategy to open up the cell walls of microalgae. Another investigated parameter is the enzyme concentration, temperature, pH, and methods of use of enzymes. The results showed that the highest yield of glucose obtained was 31.912% (w / w) and is achieved under the conditions of a temperature of 45oC, pH of 4.5, the amount of biomass of microalgae as 5 g/L, the concentration of cellulase enzymes and xilanase 30% (w / w) at 40 minute at mechanism using cellulase and xylanase enzymes simultaneously.
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1. Introduction 
Research development of renewable energy and sustainable has become a serious concern of the researchers lately, this is caused by the progressive loss of fossil fuel and climate change due to excessive fossil fuel burning [Chen et al., 2011; Aaron et al., 2010; Ho et al., 2011; Ho et al., 2013]. The use of biomass as a replacement fossil fuel become the attention of researchers, due to the  importance in reducing CO2 emissions to the atmosphere [Schmidt, J., et al., 2010; Inn et al., 2013]. In addition to reducing CO2 emissions, biomass is a promising source of raw materials for renewable energy that can produce various types of biofuels, such as biodiesel [Ho et al., 2010] and ethanol [John et al., 2011]. Currently, bioethanol raw materials are mainly derived from sucrose and starch-containing agricultural crops such as sugar cane and corn [Nigam, P.S., Singh, A., 2011; Ho et al., 2013]. However, by using agricultural crops as raw material for bioethanol still leaves a number of problem including the use of competition for food versus energy product [Nigam, P. S., & Singh, A. 2011; Inn et al., 2013] To overcome these problems the second generation feed stocks from lignocellulosic biomass is appeared.
Second-generation bioethanol derived from lignocellulosic biomass provide alternative choices due to the abundant availability and do not compete with food products [Jegannathanet al., 2009]. However, problem in removing lignin from material lignoselulose has prohibited the commercial potential of this renewable energy source [Karthikaet al., 2012]. Therefore the raw material for bioethanol is now swiched to the third generation feed stocks whch is microalgae [Rosset al., 2008]. This is caused by microalgae has high carbohydrates content such as starch, cellulose and hemicellulose can be converted into glucose as raw material for bioethanol, in addition that the microalgae does not contain lignin and can absorb CO2 [Lee et al., 2015; Ho et al., 2013; John et al., 2011; Parquet al., 2011].
The production of bioethanol from microalgae needs to involve several processes including the pretreatment, saccharification, fermentation, and purification products. Pretreatment of mikroalga was done to break down the cell walls in order to release polysaccharides such as starch, structural carbohydrates, and other nutrients before enzymatic hidrolysis and fermentation processes [Chauveet al., 2010; Domozych, D.S et al., 2012; Hamandez D., et al., 2015; Ho et al., 2013]. Cell wall of green microalgae (Chlorophyta) containing cellulose and hemicellulose as the main constituent [Hamandez D., et al., 2015; Chen et al., 2013; Choi et al., 2010] Because the specific characterstc of this enzyme, the enzyme cellulase and xylanase can be used to open and hydrolyze cell wall biomass of microalgae [Aaron, et al., 2011].
Therefore the aim of this study was to determine the effect of various process conditions such as temperature, pH and enzyme concentration on enzymatic pretreatment microalgae using cellulase from Aspergillus niger and xylanase of Trichodermalongibrachiatum simultaneously to obtain pretreatment optimum process conditions.

2. Method 
2.1.  Microalgae Biomass 
Microalgae are used in this study is a species of microalgae with Tetraselmis chuii shaped powder purchased from the Center for Development of Marine Aquaculture (BBPBL), Lampung, Indonesia.
2.2.  Enzyme 
Cellulase enzymes from Aspergillus niger 22178, purchased from Sigma-Aldrich, Singapore, and the white powder form with activity ≈ 0.8 units per mg of solid. Each 0.8 unit of cellulase release 1.0 mol glucose from cellulose substrate at pH 4.0-5.0; enzyme endo-1,4-β-xylanase from Trichoderma longibrachiatum X2629 from Sigma-Aldrich, Singapore, solid form with activity ≥ 1.0 mg of solid. Each 1.0 units of xylanase release 1.0 μmol of glucose per minute from xylan substrate at pH of 4.5 and a temperature of 30oC.

2.3.  Pre-treatment microalgae by using enzyme
Pre-treatment of microalgae using two types of enzymes from Aspergillus niger which is cellulose 22178 to convert cellulose into glucose and endo-1,4-β-xylanase from Trichoderma longibrachiatum X2629 to convert hemicellulose into glucose.
The experiment of pre-treatment of cellulose and hemicellulose using cellulase and xylanase enzyme is done by varying the pre-treatment temperature, pH, enzyme concentration and the time of pre-treatment as well as methods of using enzymes.
The first experiment was conducted by using microalgae 500mg was loaded in Erlenmeyer 250 mL and 100 mL add a buffer solution with pH of 4.5, wherein the pH value is pH optimum cellulase and xylanase enzyme is 4.0 to 5.0 [Aaron et al., 2011 ]. Once the microalgae late, then Erlenmeyer containing microalgae incorporated into shakerbatch for heating until it reaches a temperature of 40oC, after the Erlenmeyer solution temperature reached 40oC, add the enzyme cellulase and xylanase 10% (w/w). At the time of the enzyme has been put into Erlenmeyer, then stirring. Pre-treatment process was carried out for 60 minutes and sampling was conducted every 10 minutes. Each end of the pre-treatment solution and the solution was centrifuged to separate the solids. The resulting solution pre-treatment and then do the heating at a temperature of 90oC for 15 minutes using water batch, then the sample is introduced into frezer at a temperature-30oC with the goal to stop the enzyme activity. To determine the influence of other variables do experiments like the above steps. To see the effect of pre-treatment temperature was done by varying the temperature of 450C; 500C; 600C. To see the effect of varying the concentration of the enzyme was conducted by 20% (w/w) and 30% (w/w). As for seeing the effect of pH was done by varying pH of 4.0; 4.5; 5.0; and 5.5 with microalgae constant weight of 500 mg. Meanwhile the effect of a pre-treatment was carried out at 10; 20; 30; 40; 50; and 60 minutes.

2.4 Analysis Method
Microalgae biomass will be analyzed for levels of glucose, cellulose, hemicellulose, fat, protein and starch content. Analysis of glucose levels using Somogyi Nelson method. Analysis of the levels of cellulose and hemicellulose were calculated using Chesson-Datta. The analysis was conducted using the starch content of acid hydrolysis (Apriyanto et al., 1989). Meanwhile analysis of the fat content was conducted by using the gravimetric method, and the protein content was conducted by using kjeldahl method.
Analysis of glucose products made using reduction sugar of Nelson Somogyi spectrophotometry that the procedure described by [Sudarmadji, 1997]. The first step is to take a sample of 1 mL and solution was added 1 mL of Nelson, then it was heated at water bath at the temperature of 1000C for 20 minutes. The sample solution cooled to room temperature, then added 1 mL of solution Arsenomolybdat. Sample solution was shaken, and then 7 mL of distilled water was added and shaken once more. The sample solution was measured its absorbance by using UV-VIS spectrophotometer with λ (wave length) of 540 nm.
To determine the concentration of glucose in a sample, the standard glucose curve of absorbance has to be made. How that is done the same as measuring the absorbance of the sample solution. Glucose solution with each concentration of 6; 10; 40; 60; and 80 mg/L was taken 1 mL and mixed with 1 mL of Nelson. Each solution was then heated at a temperature of 100 0C waterbath at for 20 minute. The solution was cooled to room temperature, and then 1 mL of solution Arsenomolybdat was added. Solution of sample is shaken, then 7 mL of distilled water was added and shaken one more time. Solution of sample was measured its absorbance using UV-VIS with λ (wave length) of 540 nm and is made of a standard curve plotting the results obtained.
Calculation of glucose is conducted by first made standard glucose curve between glucose concentration (Y axis) in a solution with the absorbance measured by UV-VIS spectrophotometer (X-axis). After the absorbance value of the sample solution obtained from measurements with UV-VIS spectrophotometer plotted into a standard curve to obtain the concentration of glucose in the sample solution. This concentration value will be symbolized by P in g / L.Yield glucose aebagai calculated using the following equation:

3. Results and Discussion

Pre-treatment of microalgae to produce glucose as raw material for bioethanol in this study was conducted by using two enzymes. Before the enzymatic pre-treatment process, analysis to determine the characteristics of raw materials, Tetraselmiss chuii microalgae was carried out.
3.1. The composition of Tetraselmis chuii microalgae
Table 1 summarize the biochemical composition of Tetraselmis chuii microalgae. T was known that microalgae are used in this study contains more carbohydrate which is dry weight of 79.36%, of which 49.54% hemicellulose, cellulose and starch 10.20% 19.62%.
Table 1. Composition of Tetraselmis chuii microalgae
	Component	
	Composition (% w/w)

	Total Carbohydrate
	79.36

	Hemicellulose
	49.54

	Cellulose
	10.20

	Starch
	19.62

	Protein
	19.57

	Lipid 			
	1.07



Species of Tetraselmis Chuii microalgae are green microalgae (Chlorophyta) in which the cell wall containing cellulose and hemicellulose as the main constituent [Hamandez D., et al., 2015; Chen et al., 2013; Choi et al., 2010], so that these components can react specifically with the enzyme cellulase and xylanase form glucose as raw material for bioethanol. Meanwhile the remaining composition is protein and lipid.

3.2. Enzymatic Pre-treatment of microalgae 
In addition to starch, some microalgae especially green microalgae has a composition of cellulose and hemisellulose which contained in the cell wall, which can also be used to produce glucose as raw material for bioethanol, wherein the starch contained in microalgae bound in a rigid cell wall [John et al., 2011]. Therefore, the opening of the cell walls of microalgae aimed to release the starch as a carbon source during fermentation and simultaneously reacting cellulose and hemicellulose [Chena et al., 2013; Choi et al., 2010; Domozych et al., 2012; Lee et al., 2015; Libessart et al., 1995]. In this study, an enzyme was used as a pre-treatment of the cell walls of microalgae. The concentration of different enzymes that react with microalgae cells and microscopic analysis using Scanning Electron Microscope (SEM) to see morphological changes before and after the pre-treatment process.
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Figure 1. Scanning Electron Microscope (SEM) (a) microalgae before pretreatment and (b) microalgae after pretreatment with 2500 times magnification.

Microscopic images of microalgae cells before and after pre-treatment is shown in Figure 1. The process conditions of Figure 1 (b) pre-treatment with 3% (w / w) of cellulase and xylanase enzyme for 40 minutes at a temperature of 45 °C with 2500 times magnification, Figure 1 (a) shows that the cells before pre-treatment of microalgae have cell walls intact while microalgae cells after pre-treatment has been damaged or the cell wall to be broken.
Before the pre-treatment is done it is seen that the cells clustered in the plasma cells intact and mostly oval-shaped, as seen clearly in Figure 5.3 (a) shows that the surface forms of microalgae is still not reduced. Figure 5.3 (b) shows the rupture and damage to the wall or the cell surface, it proves that the enzyme cellulase and xylanase can open the cell walls of microalgae and release trapped starch.

3.3. The effect of enzyme concentration

To determine the effect of the concentration cellulase and xilanase simultaneously in the process of pre-treatment was performed three variations of different concentrations of 10%, 20%, and 30% (w/w), with a residence time of 40 minutes and a temperature of 45oC, while microalgae concentration used was 5 g/L. The results of the study are presented in Figure 2.




Fgure 2. Yield of glucose at different concentrations of selulose and xylanase enzymes at a concentration of microalgae of 5 g/L, at a temperature of 45oC and pH of 4.5
Figure 2 show that the higher the concentration of enzyme and processing time, the higher the yield of glucose, but this increase only occurs from time 10 to 40 minutes. This can be explained that the greater the concentration of the enzyme with the increase of time will cause the enzyme activity of the larger and more rapid enzyme-catalyzed reactions and the more enzyme binds to the substrate that will lead to a growing number of enzyme-substrate complex is formed. Therefore then the product formed would increase. But time above 40 minutes the yield of glucose produced decrease, it is caused by the amount of substrate available has begun to diminish as time goes by.
This research resulted in a yield of glucose by using the enzyme cellulase, xylanase and cellulase and xylanase simultaneously 2.92%, 5.37% and 31.91% respectively. The process conditions used in this study was the temperature of 45oC with a pH of 4.5. Yield of glucose obtained seen that the simultaneous use of enzymes was much better compared to the use of separate enzymes. Yield of Glucose obtained from this study was higher than the research done by [Aaron et al. 2011] with a yield of 29.9% glucose by using cellulase enzymes at a concentration of microalgae 10 g/L, while species of microalgae are used Aaron et al was Chlorococum humicola species. Besides, this study also had higher glucose yield from research conducted by [Jefriadi, 2016], which was 23.94% by using cellulase enzymes, amylase, and glucoamylase on microalgae concentration of 3.33 g/L, while species of microalgae are used is Tetraselmis chuii.
However when it is compared to the research conducted by [Marsalkova et al. 2010] This study has lower yeld of glucose. The yield of glucose produced by [Marsalkova et al. 2010] was 39% at a concentration of microalgae 22 g/L using the enzyme amylase, glucoamylase and xylanase as for species of microalgae used was Chlorella vulgaris. Meanwhile the research conducted by [Ho et al. 2010] resulted 38.9% yield glucose by using cellulase enzymes and amylase and it mcroalga species is Chlorella vulgaris.
3.4. Effect of pH and temperature pre-treatment
Variations of pH were performed on both pre-treatment enzymatic cellulase, xylanase and cellulase and xilanase simultaneously was 4.0 to 5.5 the result is presented in Figure 3. The optimum pH is obtained from this study was 4.5, wherein the yield of glucose obtained in the use of enzymes in simultaneous was 31.91%. At pH 5.0-5.5 yield decreased glucose obtained, this happens because the enzyme will undergo structural changes or charge the amino acids that constitute the active site that functions in substrate binding. This resulted in the disruption of the interaction between the enzyme active site to the substrate so that the yield of glucose produced will be lower [Aaron et al., 2011; Shuler and Kargi, 1991].

Figure 3. Yield of glucose at different pH with microalgae concentration of 5 g/L, at a temperature of 45oC and enzyme concentration of 30% (w/w)

In this study it was also observed the effect of temperature on the yield of glucose produced using either the enzyme cellulase and xylanase enzymes simultaneously at a concentration of 30% (w / w) for 60 minutes and pH 4.5 as shown in Figure 6.



Figure 4. Yield of glucose at different temperatures using the enzyme cellulase and xylanase simultaneously with a concentration of microalgae of 5 g/L, at pH of 4.5 and the enzyme concentration of 30% (w / w)
Optimum pre-treatment temperature good for the enzyme cellulase and xylanase simultaneously was 450C to yield glucose, respectively 2.916%, 5.315% and 31.912%. while temperatures above and below 450C produces a lower yield of glucose. The enzyme activity to increase in tandem with the increase in temperature of the process, the rate of metabolic processes will rise to a maximum temperature limits. The rate of reaction increases by increasing of temperature, this was due to an increase in the kinetic energy of the molecules react, but eventually, enzyme kinetic energy beyond the energy barriers to break hydrogen bonds and hydrophobic weak, which maintain the structure of the secondary-tertiary. At this temperature occurs denaturation enzyme showed optimal temperature. In general, the enzyme will work well at the optimum temperature, which is between 30 to 50 °C [Aaron et al., 2011; Shuler and Kargi, 1991].
3.5.  The effect of enzyme usage
To see the effect of the effectiveness of the use of enzymes, so in this study conducted three experimental methods, the use of enzymes using cellulase and xylanase enzymes individually as well as cellulase and xylanase in simultaneously. The results can be seen in Figure 5.


[bookmark: _GoBack]Figure 5. Yield of glucose in various methods of enzymes usage
Pre-treatment process using cellulase and xylanase enzymes simultaneously produce glucose yields higher than the pre-treatment process using cellulase enzymes and xilanase separatelly, this is because in this process every enzyme acts to hydrolyze different substrates. Cellulase enzymes will hydrolyze cellulose, xylanase enzyme will hydrolyze hemicellulose. Because of the nature of a very specific enzyme, the process that uses cellulase enzymes hydrolyze cellulose only just and xylanase only hydrolyze hemicellulose. These results also indicate that the use of cellulase and xylanase enzymes simultaneously effective enough to hydrolyze selulosa which be the building blocks of microalgae cell wall and hydrolyze hemicellulose which were also present on the cell walls of microalgae.
4. Conclusion
The opening of the cell walls of microalgae species of Tetraselmis chuii can be done by using the enzyme cellulase and xylanase with simultaneous use. The optimum conditions of opening the cell walls of microalgae species of Tetraselmis chuii were temperature of 45oC, pH of 4.5, the concentration of cellulase enzymes and xilanase were 30% (w / w) in 40 minutes with a yield of 31.912% glucose.
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