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ABSTRACT

Carbohydrate biomass is considered as the future feedstock for bioethanol
production because of its low cost and its huge availability. One of the major
carbohydrate materials found in great quantities to be considered, especially in
tropical countries, is rice bran. The effect of different pH and temperature with
enzymatic saccharification treatment on conversion of rice bran was studied. The
produced glucoce was fermented to bioethanol, using Saccharomyces cerevisiae
yeast and the amount of produced bioethanol was measured by gas
chromatography. Enzym treatment at 60°C and pH 5 is an effective treatment
method for converting rice bran to glucose. Up to 22.75% glucose v/v could be
achieved after enzyme treatment. Fermentation of treated rice bran shown that
glucose after 3 days fermentation the maximum bioethanol of 17.31% (v/v) was
attained. This process is expected to be useful for the bioethanol production from
rice bran as a source of carbohydrate renewable biomass from abundant
agricultural by product.
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1. INTRODUCTION

Currently, efforts have iIncreased towards commercial production of
bioethanol, considered the most promising from biomass, and it is well known
that a low cost feedstock is a very important factor in establishing a cost-effective
technology (Rabelo et al., 2009). Rice bran (Oryza sativa) material as
agricultural residue is one of the most interesting substrates, potential source of
sugars for bioethanol production. In recent years, a large number of studies
regarding the utilization of biomass as a feed stock for producing bioethanol are
being carried out. A number of processes based on the application of enzymes for
bioethanol production from rice washing drainage and rice bran biomass have
been proposed (Watanabe et al, 2009). Great attention is focused on renewable
sources in bioethanol production.
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Rice bran (rice milling by-product) production in Indonesia is 50.7 million
tons/year and consist of a 8-10% of total paddy weight. Due to its low lignin
content compared to other biological waste products, milled and defatted rice
bran (27% w/w cellulose, 37 % w/w hemicellulose, 5 % w/w lignin) is an
interesting representative of the group of lignocellulose biomass (Hernandez,
2005), defatted rice bran is mainly used as nutritional additive for cattle feed.

According to Reddy and Reddy (2005, 2006) Saccharomyces cerevisiae is
one of bioethanol producing organisms used in industrial processes. Under very
high gravity conditions if appropriate environment and all required nutrients in
adequate amounts were provided, S. cerevisiae could ferment increased amount
of sugars in the medium. Thomas et al (1996) and Bafrncova et al (1999)
reported by that under appropriate environment and nutritional condition, S.
cerevisiae could produce and tolerate high ethanol concentrations.

This research aimed to find out the effect of pH and temperature with
enzymatic saccharification treatment on conversion of rice bran to glucose and
fermentation of glucose to bioethanol S. cerevisiae yeast.

2. MATERIALS AND METHODS

2.1. Material

Rice bran has been furnished by public huller in Surakarta. Pretreatment method
contained milling (particle size <180 um). Glucose was obtained from hydrolysis
of rice bran from Surakarta regency. After the hydrolysis was kept at 18°C until
use (Khongsay, et. al., 2010).

2.2. Methods

2.2.1 Enzyme pre-treatment

150 g rice bran was suspended in 500 mL H,O in ratio of 3:10 (w/v) rice bran
and added of 0.1 mL of a-amylase enzyme. The pH of sample was adjusted at pH
5, 5.5, and 6. The sample was incubated in water bath 100°C for 30 minutes, after
that the mixture was applied for second enzymatic treatment (0.2 ml of
glucoamylase). Finally, hydrolysate was pressed through cheese cloth. The
amount of reducing sugar in juice was measured.

2.2.2 Fermentation

The pretreated samples from 2.2.1 was carried out for fermentation experiments.
The yeast S. cerevisiae was used for fermentation (1.5g, 3.0g, and 4.5g). After 3
fermentation days the ethanol content was measured by gas chromatography. All
the measurements were duplicated and the data reported are average of two
replications.

3. RESULTS AND DISCUSSION
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3.1. Effect of enzyme pre-treatment methods on glucose content of rice bran

Tabel 1. Effect of pH on glucose content of rice bran

pH | Temperature (°C) Glucose (%)
5 60 22.75
55 60 21.80
6 60 21.00
5 70 21.70
55 70 20.69
6 70 19.72

In the Figure 1 the relation between glucose concentration and pH is depicted.
Increasing pH showed reverse effect on glucose concentration in sample. This is
expected because of conversion of carbohydrate to glucose (Yoswathana et al.,
2009). The highest glucose up to 22.75 % glucose on the rise bran basis could be
obtained on pH 5.
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Figure 1. Glucose content in enzyme pretreated rice bran

3.2. Fermentation

Table 2. Production of bioetanol from rice bran

pH | T (°C) | Rice Bran (g) | Sugar (%) | S.cerevisiae (g) | Ethanol (%0)
5 60 150 22.75 1.5 10.05
5 60 150 22.75 3 15.92
5 60 150 22.75 4.5 17.31
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Figure 2. Bioethanol contain in S. cerevisiae at temperature 60°C

Bioethanol was produced by using pH and S. cerevisiae concentration
treatment. These were 1.5g, 3.0g, and 4.5g. It can be seen in Figure 2 that pH
5.0 tended to give higher ethanol concentration than that in other pH, therefore,
pH 5.0 was chosen for ethanol fermentation. This was supported by
Thuesombat et al. (2007). A look at the results of rice bran, production of
bioethanol in Table 2 shows that pH 5 at temperature 60°C had higher
quantities of bioethanol produced and bioethanol content of 17.31% (v/v). This
confirm that the higher sugar content in the juice, the more bioethanol can be
produce (Woods, 2001 and Yamba et al., 2007).

It was observed that the sugar content was directly proportional to the
quantities of the ethanol collected. Therefore, the higher the sugar content, the
more the ethanol can be produced (Yamba et al., 2007).

4. CONCLUSIONS

It can be concluded that it is possible to successively use rice bran for bioethanol.
Enzym treatment at 60°C and pH 5 is an effective treatment method for
converting rice bran to glucose. Up to 22.75% glucose v/v could be achieved
after enzyme treatment. Fermentation of treated rice bran shown that glucose
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after 3 days fermentation the maximum bioethanol of 17.31% (v/v) was attained.
Production of bioethanol has been considered to be one of economical way for
the utilization of rice bran. So the manufacture of glucose could easily be
undertaken as an additional source of income.

Acknowledgment

This work was supported by the Directorate General of Higher Education,
Ministry of National Education, Indonesia, through the grant number
001/006.2/PP/SP.ALPT/2011. We thank Eva Oktavia for technical assistance.

REFERENCES

Bafrncova, P.D.; Smogrovicova, l.; Slavikova, J.; Patkova, dan, Domeény, Z.
1999. Improvement of Very Hhigh Gravity Ethanol Fermentation by Media
Supplementation Using Saccharomyces cerevisiae. Biotechnol. Lett., 21, 337-
341

Hernandez, R. 2005. Extraction of Valuable Products from Rice Bran Using
Non-Traditional Techniques. EPSCoR Conference, Morgantown, WV,

Khongsay, N.; Laopaiboon, L.; and Laopaiboon. 2010. Growth and Batch
Fermentation of Saccharomyces cerevisiae on Sweet Sorghum Stem Juice Under
Normal and Very High Gravity Conditions, Biotechnoogy, 2010, ISSN 1682-
296X © 2010 Asian Network for Scientific Information

Rabelo, S.C., Filho, R.M., and Costa, A.C. 2009. Lime Pretreatment of
Sugarcane Bagasse for Bioethanol Production. Appl. Biochem Biotechnol, vol.
153, 139-150,

Reddy, L.VA. and Reddy, O.V.S. 2005. Improvement of Ethanol Production in
Very High Gravity Fermentation by Horse Gram (Dolichos biflorus) Flour
Supplementation. Lett. Applied Microbiol. 41 (5) 440-444.

Reddy, L.VA. and Reddy, O.V.S. 2006. Rapid and Enhanced Production of
Ethanol in Very High Gravity (VHG) Sugar Fermentation by Saccharomyces
cerevisiae role of Finger Millet (Eleusine coracana L.) flour. Process Biochem.,
41 (3) 726-729.

Thomas, K.C., Hynes, S.H., dan Ingledew, W.M. 1996. Practical and Theoritical
considerations in the Production of High Concentrations of Alcohol by
Fermentation. Process Biochem., 31, 321-331

= e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e = = = = =
T I T T T X T X X T T T T XT T IT T ITITXTITITXT T T XTITIXTTIXTXTXT T XXX




§~>r BT T Y T S Y T Y T T T T T T T T T T T T S T S T T T T T T T T T Y T Y - T T T T T Y T - T T T T T Y T T T T T T T Y T T 1«-§

~ > > >
2C _DC SC ST

= = = =
N X X X X

-~ >y ¥ ¥ ¥ ¥ ¥ Y Y Y Y Y Y Y YT Y Y ¥ Y Y Y Y ¥ Y Y Y Y Y T Y Y Y Y Y YT YT T
2C_DC _DC SC HC OC ST HC DC DT DC DC HC DC HC HC C DT HC HC DT HC IC HC DC DL HC OC ST DC DC ST DC HDC ST SHC >

The 1™ International and The 4" National Congress on

Recycling of Organic Waste in Agriculture
26 — 27 April 2012 in Isfahan, Iran

Thuesombat, P., Thanonkeo, P., Laopaiboon, L., Laopaiboon , P., Yunchalard ,S.,
Kaewkannetra, P. and Thanonkeo, S., 2007, The Batch Ethanol Fermentation of
Jerusalem Artichoke Using Saccharomyces cerevisiae, KMITL Sci. Tech. J. 7,
S2, 93-96

Watanabe M., Takahashi M., Sasano K., Kashiwamura T., Ozaki, Y., Tsuiki T.,
Hidaka H., and Kanemoto S. 2009. Journal of Bioscience and Bioengineering,
Vol. 108 (6) 524 — 526.

Woods, J. 2001. The Potential for Energy Production Using Sweeet Sorghum in
Southern Africa, Energy for Sustainable Development.

Yamba, F.D. Wamukwamba, C.K. Matsika, E., and Sangiso, M. 2007.
Investigation into the Production and Use of Bioethanol from Sweet Sorghum as
an Alternative Fuel. Department of Mechanical Engineering, School of
Engineering, University of Zambia, Lusaka.

Yoswantana, N. Phuriphipat, P. Treyawutthiwat. P. 2009. Bioethanol Production
from Rice Straw. International Conference on Science Technology and
Innovation for Sustainable Well-Being (STISWB),

= e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e = = = = =
T I T T T X T X X T T T T XT T IT T ITITXTITITXT T T XTITIXTTIXTXTXT T XXX




