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Abstract. Microalga has emerged as third generation in fuel based biomass which
converted into several products and its content can be also utilized as model compound.
Microalga comprises cellulose, hemicellulose and lignin. These cellulose and hemicellulose
can be converted into glucose, as model compound for fuel and chemical production. This
study focused on Tetraselmis chuii as feedstock and the hydrolysis pretreatment into
glucose conversion by employing diluted sulfuric solution in varied temperature and
concentrations. Tetraselmis chuii was used as microalga feedstock since they are distributed
in Indonesia’s ocean. In order to obtain fuel or chemical product, microalga need to be
pretreated first. This process was conducted with focused on breakdown the linkage
between cellulose, hemicellulose or lignin. Glucose was generated from this hydrolysis
process. Thus, it would apply as feedstock for bioethanol or furan production which utilized
as intermediate compound/building block compound. This study aimed into the significant
parameters for Tetraselmiss chuii hydrolysis and their biochemical composition.
Experimental result was assayed in quantitative method by using High Performance Liquid
Chromatography (HPLC). It was found out that Tetraselmiss chuii contain alpha cellulose
and hemicelluloses without lignin present. Moreover, temperature has significant
influenced for hydrolysis process than sulfuric acid concentration. The highest glucose
temperature was 61 g/L which obtained at 100°C by using 1.25%(v/v) diluted sulfuric acid
concentration.
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1 Introduction

Indonesia is a maritime country which has biodiversity, including the diversity of marine
microalgae. Microalgae or also called phytoplankton is a microscopic plant that has body
size 3-30 m and has no roots, stems, and leaves. Microalgae has a eukaryotic cell and
different pigments, such as green pigment (chlorophyll), brown (phycosantine), turquoise
(phycobilline), and red (phycoeritrine) [1]. Microalgae is classified as plant because it has
chlorophyll and has a network of cells resemble higher plants. Microalgae diversity is
very high, it has been estimated that about 200.000-800.000 microalgae species exist on
earth which 35.000 species have been identified. Microalgae cells grow in agueous
media, so that it has a higher level of efficiency in terms of water, carbon dioxide, and
nutrients when compared to other higher plants [2]. The growth of microalgae itself
consists of three main phases, namely the lag phase, exponential phase, and stationary
phase [3].

Recently, biomass utilization as fossil fuel replacement feedstock has significantly
increased as well for chemicals. Since, biomass is considered as a renewable and efficient
source for covering people need over fuel and chemicals. Researcher developed
technology and route pathway process in order to obtain renewable product. For instance,
domestic waste and cattle dung for biogas production, palm oil for biodiesel and
lignocellulosic material (e.g. crop plant, hard wood, etc) for bioethanol. However, it was
found out that lignocellulosic material has some problems. Lignocellulosic material, such
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as corn, starch, sugar cane, is also consumed as food. Competition between
lignocellulosic material as food consumption and fuel source would cause instability in
economic. Prolonged harvest time is also becoming disadvantage of lignocellulosic
material especially for hard wood material.

Tetraselmis chuii is green microalgae which has single cells and size 7-12 pm.
Tetraselmis chuii has an elliptical form and has 4 pieces of feather whip (flagella) on the
front end that serves as an active locomotor [4]. Chlorophyll is a dominant pigment and it
is composed of two kinds, carotenes and xantofile [5]. This species can be found in sea
water, and already widely cultivated, especially in shrimp hatchery. Breeding took place
rapidly through cell division. Vegetative cell of protoplasm in Tetraselmis chuii
repeatedly performed a cleavage from a single stem cell into 2-16 new cells [6].

Tetraselmis chuii can grow at temperature around 23-25°C. At temperatures of 25-35°C,
Tetraselmis chuii still be alive, but not growing. Salinity for Tetraselmis chuii is very
crucial to maintain the osmotic pressure of the protoplasm with water in the environment.
Tetraselmis chuii can grow at salinity 0-35 ppt but the good conditions for growth of
Tetraselmis chuii is 25-35 ppt [7]. The optimal pH range for growth is 8 to 9.5 [8].

Glucose is a simple monosaccharide that has the molecular formula C6H1206. It’s also
called as dextrose, D-glucose, or sugar fruit. Glucose is a simple sugar that is produced
through the process of hydrolysis [9]. The rupture of the crystal structure of cellulose and
hemicellulose will break down into simple sugars such as glucose, galactose, mannose,
xylose, and arabinose [10]. Concentrated acid was first applied in the process of
hydrolysis and proven as an effective liquid to degrade cellulose and hemicellulose into
simple monomers. The use of concentrated acid is usually carried out at low temperatures
[11]. However, concentrated acid hydrolysis causes a high cost of investment and
maintenance [12]. Ho et al. [13] used Chlorella vulgaris as a raw material to produce
glucose. Microalgae powder with weight variation was hydrolyzed with a solution of
sulphuric acid concentration at 0.1%, 0.2%, 0.5%, 1%, and 5% (v/v). Temperature and
time were fixed variables. The result of this study showed that the highest glucose yield
was 46.5% and it was achieved at 1% (v/v) sulfuric acid concentration.

Harun et al. [14] used Chlorococcum infusionum as raw material to be hydrolyzed with
NaOH solution. Time and the concentration of NaOH were varied. The highest glucose
yield was 35%, achieved at a temperature of 120°C, concentration of NaOH was 0.75%
(w/v) for 30 minutes. This study utilized Tetraselmis chuii as a raw material to be
converted into glucose by using varied temperatures and diluted sulphuric acid
concentrations. The objectives of this study were to look for the significant effect of
temperature hydrolysis and diluted sulfuric acid and also to find the biochemical’s
composition of Tetraselmis chuii.

2 Methodology
2.1 Material

Tetraselmis chuii powder was procured from Balai Besar Perikanan Budidaya Laut
Lampung. Sulphuric acid (98%, Merck), D-glucose (Merck) and distilled water were used
in this study.

2.2 Analysis of Microalga Composition
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A gram of Tetraselmis chuii was mixed with 150 ml sulphuric acid. The mixture was
refluxed at 100°C for 2 hours. This process was performed in order to determine the
composition of cellulose, hemicellulose and lignin within the microalgae. This
experiment was conducted by using the Chesson gravimetric method [15].

2.3 Hydrolysis Process

Tetraselmis chuii powder was dissolved about 3 grams in diluted sulphuric acid in certain
concentration. The mixture was stirred around 250 rpm in a three-neck boiling flask that
connected to condenser for 30 minutes. Hydrolysis process was performed in varied
temperature.

The hydrolysis apparatus was designed as can be seen in Figure 1. Hydrolysis products
were analyzed by using High Performance Liquid Chromatography (HPLC) with C18
(YMT-ODS) coloumn, in 250 mm x 4.6 mm sized. Volume injection was 5 um, flow rate
1 mL/min, mobile phase was aquabidest 100% and using Refracto Index Detector (RID)
as detector. This analysis was conducted in the UPT Laboratory of Diponegoro
University.

Deseription ;
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Figure 1 Hydrolysis Apparatus.

3 Results and Discussion
3.1 Tetraselmis chuii compositions

Composition analysis results was shown that Tetraselmis chuii has 47.2% of alpha -
cellulose, 35.8% of hemicellulose and balance hot water soluble (HWS). This result was
illustrated in Figure 2. It was clearly shown that there is a lignin absence within
Tetraselmis chuii. The similar result was reported by Demirbas [16]. Lignin existances
which is linked cellulose and hemicellulose will be barried the accessibility of enzymes
or fermentation processes. It also decreases hydrolysis rate of carbohydrate [17].
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These cellulose and hemicellulose are compiled within inner cell wall layer of microalgae
as reported by Yamada and Sakaguchi in Chen et al. [18] and linked by 1,4-B-glycosides.
The higher cellulose and hemicellulose content within Tetraselmis chuii indicates its
potencies for biomass feedstock. Especially, there is no lignin content in Tetraselmis
chuii.

Alpha
cellulose
47%

Figure 2 Biochemical’s composition of Tetraselmis chuii.

3.2 Effect of Diluted Sulfuric Acid Concentration

This experiments were carried out by using varied diluted sulfuric acid concentration.
They were 0.25, 0.75, 1.25, 1.75, and 2.25% (v/v). It was found out that higher glucose
concentration was achieved at concentration 2.25% (v/v) as can be seen in Figure 3. It
shows that glucose production tends to increase while the sulfuric acid was added.
Eventhough, there was no significant glucose for each concentration in this experiments,
Jeong et al. [19] already proved that sulfuric acid is more effective for acid hydrolysis
process in order to convert biomass to glucose. Jeong et al. [19] used sulfuric acid,
hydrochloric acid, formic acid, and nitric acid at low concentrations as a catalyst for
Gelidium amansii hydrolysis and obtained the optimum yield glucose about 26.08% by
using sulfuric acid.

Another research was done by Ho et al.[13] regarding diluted sulfuric acid concentration.
They varied the concentration from condition 0.1, 0.2, 0.5, 1 and 5% (v/v) and got the
highest glucose yield around 96.% when the diluted sulfuric acid 1% (v/v). It will be
benign environmentally and low operating cost.

According to Xiang et al. [20], the acidic solution with a concentration of 1-2% (v/v) and
a maximum temperature of 100°C are ideal conditions to degrade biomass into glucose
monomers. While at temperatures above 100 °C and the medium concentration exceeds
2% (v/v), sulphuric acid will faster degrade the glucose compounds. Glucose degradation
preceded by the formation of 5-hidroxymethylfurfural. The high concentration of
sulphuric acid will produce levulinic acid and formic acid [21].
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Figure 3 The influence of varied diluted sulfuric acid concentrations to glucose production.

3.3 Effect of Temperature Hydrolysis for Glucose Production

Temperature has the significant impact for biomass hydrolysis. It is believed that adjacent
temperature with cellulose’s melting point would able to decompose cellulose as it
reported by Hsu et al. [22]. Related with it, varied hydrolysis temperatures were applied
in this experiment. Figure 4 shows the relation between generated glucose and
temperature. It displays fluctuated tendency of glucose concentration over temperature.
Highest glucose concentration was obtained at 100°C with 1.25%(v/v) diluted sulfuric
acid. It was around 61 g/L. However, there was an increased glucose concentration at
70°C around 60.8 g/L. It seemed that cellulose and hemicellulose bonding started to
disrupt at 60°C and breakdown the carbon chain into glucose.

Hemicellulose chains began to break down at temperature of 55-65°C with acid
hydrolysis [23]. Hemicellulose chain is more easily broken than cellulose due to an
amorphous structure and short chain. In green microalgae, a major constituent of
hemicellulose components are galactoglucomannan. Galactoglucomannan consists of
galactose, glucose, and mannose, a hexose group which has six carbon atoms in the
monomer [24]. Addition of acid concentration can increase the quantity of H + ions
which will cut off the glycosides bond contained in cellulose [25]. Cellulose is a long
chain fibers in which monomers bind to each other through the bond of 1,4-B-glycosides,
has a low flexibility due to the strong intermolecular force [26]. Glucopyranose ring
structure also makes it difficult to rotate the molecule. Cellulose can be broken down into
glucose units by dissolving it with a chemical acid. This reaction through three stages.
First, the process of hydrolysis will cause swelling of cellulose fibers. After that, the
solution will go into the crystalline structure of cellulose. As a result, the cellulose fibers
will be degraded [27].
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Figure 4 The influence of varied hydrolysis temperature to glucose productions

4 Conclusions

From the experiment, it is clearly shown that Tetraselmis chuii consist of 47.2%
cellulose, 35.8% hemicellulose and 17% other components. Tetraselmis chuii contains
lignin absence which lead the microalga easy to convert for fermentable sugar and other
building block compound. The highest glucose concentration was obtained 61 g/L at
100°C which produced when sulphuric acid concentration was 2.25% (v/v). Also, it was
shown that temperature gave significant impact than acid concentration.

5 References

[1]
[2]
[3]

[4]

[5]

[6]

Rajvanshi, S. dan Sharma, P.M. (2012). ‘Microalgae : A Potential Source of
Biodiesel’, Journal of Sustainable Bioenergy Systems, 2, pp.49-59.

Widjaja, A. (2009). ‘Lipid Production From Microalgae as a Promising
Candidate For Biodiesel Production’, Makara Teknologi, 13(1), pp.47-51.
Hossain, A.B.M., Salleh, A., Boyce, A.N., Chowdhurry, P. dan Nagiuddin, M.
(2008). ‘Biodiesel Fuel Production From Algae as Renewable Energy’.
American Journal of Biochemistry and Biotechnology, 4 (3), pp. 250-254.
Butcher, R.W. (1959). An Introductory Account of the Smaller Algae of British
Coastal Waters. Part | : Introduction and Chlorophyceae. Vol.ser IV (Part 1)
PP.74. Great Britain : Minist. Agri Fish.

Pujiono, A.E. (2013). Pertumbuhan Tetraselmis chuii Pada Medium Air Laut
dengan Intensitas Cahaya, Lama Penyinaran Dan Jumlah Inokulan Yang
Berbeda pada Skala Laboratorium. Skripsi S1 Biologi FMIPA Universitas
Jember. Jawa Timur.

Mujiman, A. (1984). Makanan lkan. Cetakan ke-14. Penebar Swadaya :
Jakarta.

IDro_nei 6
Repository University Of Riau

UNIVERSITAS RIRU

PERPUSTHKHARDN

http://repository.unri.ac.id/



&

Proceeding the Regional Conference on Chemical Engineering 2014
Yogyakarta, December 2-3, 2014

RCCEQ0n

ISBN: 978-602-71398-0-0

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]
[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

Fabregas, J., Abalde, J., Herrero, C., Cabezas, B. dan Veiga, M. (1984).
‘Growth of Marine Microalgae Tetraselmis suecica in Batch Cultures with
Different Salinities and Nutrient Concentrations’, Elsevier Aquaculture, 42, pp
207-215.

Fogg, G.E. dan Brenda, T. (1987). Alga Cultures and Phytoplankton Ecology.
University of Wisconsin Press.

Limayem, A. dan Ricke, S.C. (2012). ‘Lignocellulosic Biomass for Bioethanol
Production : Current Perspective, Potential Issues, and Future Prospects’,
Elsevier Progress in Energy and Combustion Science, 38, pp.449-467.

Mosier, N., Wyman, C., Dale, B., Elander, R., Lee, Y.Y., Holtzapple, M., dan
Ladisch, M. (2005). ‘Features of Promising Technologies for Pretreatment of
Lignocellulosic Biomass’, Elsevier Bioresource Technology, 96, pp.673-686.
Girio, F.M., Fonseca, C., Carvalheiro, F., Duarte, L., Marques, S. dan Bogel, R.
(2010). ‘Hemicelluloses for Fuel Ethanol : A Review’, Elsevier Bioresource
Technology, 101, pp. 4775-4800.

Taherzadeh, M. J., & Karimi, K. (2008). Pretreatment of Lignocellulosic
Wastes to Improve Ethanol and Biogas Production : A Review (pp. 1621-
1651). doi:10.3390/ijms9091621

Ho, S.H., Huang, S.\W., Chen, C.Y., Hasunuma, T. dan Kondo, A. (2012).
‘Bioethanol Production Using Carbohydrate-Rich Microalgae Biomass as
Feedstock’, Elsevier Bioresouce Technology, 135, pp.191-198.

Harun, R., Jason, W.S.Y., Cherrington, T. dan Danquah, M.K. (2010).
‘Exploring Alkaline Pretreatment of Microalgal Biomass for Bioethanol
Production’, Elsevier Applied Energy, 88, pp.3464-3467.

Datta, R. (1981). ‘Acidogenic Fermentation Of Lignocellulose-Acid Yield And
Conversion Of Components’, Journal of Biotechnology and Bioengineering, 23
(9), pp. 2167-2170.

Demirbas, A. (2005). ‘Bioethanol from cellulosic materials: A renewable motor
fuel from biomass’, Energy Sources, 27 (4), pp. 327—-337.

Sun, Y., & Cheng, J. (2002). Hydrolysis of lignocellulosic materials for ethanol
production : a review ¢, 83, 1-11.

Chen, C., Zhao, X., Yen, H., Ho, S., & Cheng, C. (2013). Microalgae-based
carbohydrates for biofuel production. Biochemical Engineering Journal, 78, 1—
10.

d0i:10.1016/j.bej.2013.03.006

Jeong, T.S., Choi C.H., Lee, J.Y. dan Oh, K.K. (2012). ‘Behaviors of Glucose
Decomposition During Acid-Catalyzed Hydrothermal Hydrolysis Of Pretreated
Gelidium amansii’, Elsevier Bioresource Technology, 116, pp.435-440.

Xiang, Q., Lee, Y.Y. dan Torget, R.W. (2004). ‘Kinetics Of Glucose
Decomposition During Dilute Acid Hydrolysis Of Lignocellulosic Biomass’,
Journal of Applied Biochem Biotechnol, 113-116, pp.1127-1138.

Tao, F.R., Zhuang, C., Cui, Y.Z. dan Xu, J. (2014). ‘Dehydration Of Glucose
Into 5-Hydroxymethylfurfural In SO3H-Functionalized Tonic Liquids’, Elsevier
Chinese Chemical Letters, 25, pp.757-761.

Hsu, T. C., Guo, G. L., Chen, W. H., and Hwang, W. S. (2010). “Effect of
dilute acid pretreatment of rice straw on structural properties and enzymatic
hydrolysis,” Bioresource Technology 101, 4907-4913.

Laura, K. (2012). Dilute Acid Catalysed Hydrolysis of Cellulose-Extension to
Formic Acid. Dissertation, Faculty of Technology, Department of Process and
Environmental Engineering, University of Oulu. Finland.

Ipro_nel 7 7
Repository University Of Riau

PERPUSTHAKARND UNIVERSITAS RIRAU

http://repository.unri.ac.id/



&

Proceeding the Regional Conference on Chemical Engineering 2014
Yogyakarta, December 2-3, 2014

RCCHEQ0n

ISBN: 978-602-71398-0-0

[25]

[26]

[27]

[28]

Harun, R., dan Danquah, M.K. (2010). ‘Influence of Acid Pretreatment on
Microalgal Biomass for Bioethanol Production’, Elsevier Process
Biochemistry, 46, pp.306-3009.

Osvaldo Z. S., Putra P.S. dan Faizal, M. (2012). ’Pengaruh Konsentrasi Asam
dan Waktu pada Proses Hidrolisis dan Fermentasi Pembuatan Bioetanol dari
Alang-Alang’, Jurnal Teknik Kimia, No.2, vol. 18.

Mushtag, M., Khatoon, F. dan Batool, S. (2014). ‘Optimization of Culture
Conditions for The Production of Endoglucanase from Aspergillus sydowii
Using Corn Cobs’, Pinnacle Biochemistry Research, 1(1), pp. 202-208.
Dupont, C. (2003). Gelatine Sizing of Paper and Its Impact on the Degradation
of Cellulose During Aging : A Study Using Size Exclusion Chromatography.
Dissertation, Faculty of Science, University of Amsterdam. Netherlands.

Acknowledgement
The authors would like to thank DP2M DIKTI RI for the sponsorship regarding
this study

IDro_nei

Repository University Of Riau

PERPUSTHKHARDN

UNIVERSITAS RIRU

http://repository.unri.ac.id/



	RCCHE 2014_9.pdf (p.1)
	PCR-08.pdf (p.9-16)

	RCCHE 2014_10.pdf (p.2)
	RCCHE 2014_11.pdf (p.3)
	RCCHE 2014_12.pdf (p.4)
	RCCHE 2014_13.pdf (p.5)
	RCCHE 2014_14.pdf (p.6)
	RCCHE 2014_15.pdf (p.7)
	RCCHE 2014_16.pdf (p.8)

