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ABSTRACT: In the cogongrass cellulose found tightly bound with hemicellulose and lignin coated by forming a complex

lignocellulose so that to free the bond required an important early stages namely pretreatment. Glucose derived
fermentation process was then performed. Ethanol production of cogongrass has been widely used
yeast Saccharomyces cerevisiae, optimum ethanol produced 4.59% (v/v) for 24 hours and 0.73% (v/v) for 72 days.
Meanwhile Zymomonas mobilis only took 24 hours to produce ethanol using sweet potato raw materials. Therefore,
this research used different substrate and aimed to determine the potential of cogongrass (Imperata cylindrica (L)
Beauv.) in ethanol production using Zymomonas mobilis bacteria at optimum concentrations of inoculum and
fermentation time span. After pretreatment, the cellulose converted into glucose by the enzyme hydrolysis. This
enzyme hydrolysis utilizing cellulase enzyme-producing mold, Penicillium sp. T1.2 code, a collection of the Laboratory
of Microbiology and Biotechnology, Department of Biology, ITS. The use of this mold based on its ability to produce
-glucosidase, and exoglucanase in high amounts. Cogongrass showed potential as raw material for
ethanol production with the highest ethanol concentration 9.02% (v/v) were obtained from the interaction between
the inoculum concentrations of 10% and the time of fermentation by Zymomonas mobilis for 7 days.
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1

INTRODUCTION

Cogongrass or locally name alang-alang (Imperata cylindrica (L.) Beauv.) was a perennial grass plant that spread
almost all over the hemisphere and is considered as weed in farmland. According to Garrity et al. (1997), in the region
of Southeast Asia can be found about 35 million ha, and about 8.5 million ha was spread in Indonesia. So far, it used
as raw material for pharmaceuticals, pulp and paper, fertilizer, the rest was cut and discarded because it inhibited the
growth of the main crop. Judging from the chemical content, it was contain high lignocellulosic materials enough,
which composed of cellulose, hemicellulose, and lignin. The composition of chemical const
-cellulose
40.22%, 59.62% holoselulosa, hemicellulose (pentosan) 18.40%, and 31.29% lignin (Sutiya et al., 2012). Cellulose
content of more than 40% of it was potential as a feedstock for renewable energy, namely bioethanol.
Cellulose found tightly bound with hemicellulose and lignin coated by forming a complex lignocellulose so that to free
the bond required an important early stages namely pretreatment. After pretreatment, the cellulose would be
converted into glucose by the enzyme hydrolysis. This enzyme hydrolysis utilizing cellulase enzyme-producing mold,
Penicillium sp. T1.2 code, a collection of the Laboratory of Microbiology and Biotechnology, Biology, ITS. The use of
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-glucosidase, eksoglukanase in high amounts (Liu et al.,
2007; Long et al., 2009).
Glucose were then carried fermentation by bacteria Zymomonas mobilis. Selection on this fermentative bacteria based
on several advantages, among others, were able to grow and consume the sugars quickly using the path Entner glucose per minute per mg protein cells), tolerant of substrate concentrations
as high as 30% glucose (Zaldivar et al., 2001), tolerant to high temperatures up to 40°C (Garrity, 2005), tolerance of
high ethanol content up to 16% v/v (Zaldivar et al. 2001), and was capable of producing ethanol up to 13% w / v (
Rogers et al. 1982).
According on previous research, the raw material of ethanol production using cogongrass mostly used Saccharomyces
cerevisiae, where it produced optimum ethanol 4.59% (v/v) for 24 hours (Purnaning, 2010) and 0.73% (v / v ) for 72
days (Sari, 2008). Meanwhile Zymomonas mobilis only takes 24 hours to produce ethanol using sweet potato raw
materials (Zhang et al., 2010 in Sulfahri et al., 2011). Therefore, the author conducted research to determine the
potential of Imperata (Imperata cylindrica (L) Beauv.) as a raw material in the production of ethanol using Zymomonas
mobilis bacteria at concentrations of inoculum and optimum fermentation time.

2

METHODS

2.1RAW MATERIALS PREPARATION AND PRETREATMENT
Stems and leaves of cogongrass taken in the area of ITS campus. Pretreatment on cogongrass were performed by
mechanical, physical, and chemical. Physically and mechanically, cogongrass dried under the sun for 12 hours.
Cogongrass that have been dried then cut into pieces with a size of 2 cm, milled with a grinder and sieved to obtain a
reed measuring 40 mesh, and it stored in a dry place. For chemical pretreatment, cogongrass soaked in NaOH 2% (wt)
at a ratio of 1:10 (w/v) at room temperature for 24 hours, then it heating using an autoclave at a temperature of 121 oC
for 1 hour. After that, it washed with tap water until neutral pH and dried using an oven at a temperature of 65 oC until
constant weight obtained (Ashary, 2011; Lin and Lee, 2011; Pasha et al., 2012).
2.2

Penicillium sp. code T1.2 preparation and enzymatic hydrolysis process
Isolates of Penicillium sp. T1.2 code from the stock culture rejuvenated into a test tube containing a new slant PDA
medium and incubated for 7 days at room temperature. A total of 10 ml of sterile distilled water poured into cultured
Penicillium sp. code T1.2 age of 7 days, beaten with a needle loop so that spores released into the liquid phase. Then
put up as much as 1% (w/v) substrate cogongrass in 100 ml Erlenmeyer containing medium Andreoti. Medium which
contains a substrate made of cogongrass adjusted at 5 pH, it closed with cotton stoppers, sterilized at 121°C for 15
minutes in an autoclave. Spore suspension was transferred into the medium with a concentration of 10% (w/v) and
incubated at room temperature in aseptic above shaker for 13 days at 120 rpm. After that, hydrolysis centrifuge at a
speed of 4000 rpm for 16 minutes, and the filtrate filtered using a fine filter paper. Supernatant results is taken 1 ml
for reducing sugar analysis (Alfiah and Kuswytasari, 2012; Gunam et al, 2010). Furthermore, the results of hydrolysis
called hydrolyzate.
2.3

Stock and working culture
Zymomonas mobilis isolates were subcultured in a test tube containing NA medium (Nutrient Agar) slant and
incubated at 30°C for 24 hours. To enrich the number of cells, the medium was added 20 g/L of glucose, 10 g/L yeast
extract, 1 g/L (NH4)2SO4, 1 g/L K2HPO4, 0.5 g/L MgSO4.7H2O (Struch et al. , 1990).
2.4

Growth curve and starter
Zymomonas mobilis taken 1 noodle loop and inoculated into 50 ml Erlenmeyer cogongrass sterile extracts that had
set the pH to 4 with the addition of 30% HCl solution. Then it incubated in an incubator at 30°C for 24 hours (Activation
I). A total of 1 ml of activation of 1 (10%) pipette and inoculated back into 50 ml Erlenmeyer containing 9 ml of extract,
incubated in an incubator at 30°C for 24 hours (Activation II). 5 ml of activation II (10%) pipette and inoculated back
into erlenmeyer 100 ml containing 45 ml of the extract, incubated in an incubator at 30°C for 24 hours is referred to
as culture fermentation (Cazetta et al., 2007; Zhang et al., 2010 in Sulfahri et al., 2011). Dilution conducted from 10 -1
up to 10-9. 1 ml culture medium were taken and put into a test tube containing 9 ml of sterile distilled water. Tube,
that containing the mixture, homogenized with a vortex mixer, 1 ml pipette then put into a next test tube. The
treatment repeated until dilution reach to 10 -9. The growth curve was made by measuring the absorbance of the
culture of Zymomonas mobilis in wavelength of 600 nm at 1 hour intervals every 24 hours. Graphed made from the
growth curve of absorbance values and fermentation time (Obire, 2005).
Zymomonas mobilis isolates taken one noodle loop and inoculated into 50 ml Erlenmeyer containing each 5 ml of
extract weeds that have set the pH to 4 with the addition of 30% HCl solution. It then incubated in an incubator at
30°C for 24 hours (Activation I). A total of 1 ml of activation 1 (10 ml) pipetted and inoculated back into 50 ml
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Erlenmeyer containing 9 ml of extract, incubated in an incubator at 30°C for 24 hours (Activation II). 5 ml of activation
II (10%) pipetted and inoculated back into erlenmeyer 100 ml containing 45 ml of the extract, it incubated in an
incubator at 30°C until the hour in which the log phase Zymomonas mobilis occurs (corresponding growth curve)
(Activation III) (Cazetta et al., 2007; Zhang et al., 2010 in Sulfahri et al., 2011).
2.5

Fermentation process
A total of 50 mL hydrolyzate was put in a 100 mL bottle fermenter and sterilized by autoclaving for 15 minutes at
a temperature of 121oC. Then added starter Zymomonas mobilis with a concentration in accordance with the study
design (0, 5, 10, and 15%), and the observed concentration of ethanol for 0, 3, 5, 7, and 9 days at ro om temperature
until the ethanol content decreases. Anaerobic fermentation was process with Hungate technique which nitrogen gas
stream for 5 minutes into the fermenter and sealed with an airtight rubber cover. Fermented then pasteurized at a
temperature of ± 80°C for 10 minutes, then the levels of ethanol is measured (Sunarto, 2012).
2.6

Ethanol level measurement
Distillation tube and a 250 ml flask mumps prepared, then 50 ml sample of fermented within a 50 ml flask, put into
a distillation tube. Boiled carefully to avoid excessive foaming, the distillation mixture of alcohol and water samples
could be collected exactly 50 ml of distillate (Purwanto, 2004). While it processed, pycnometer calibrated. It filled with
distilled water and closed. Pycnometer and distilled water weighed as W 2. Then pycnometer is emptied, the remaining
distilled water absorbed by acetone. Pycnometer tube was oven-dried. Dried pycnometer weighed, as W 1. By weight
of distilled water (W) calculated by W2-W1 (Purwanto, 2004).
Distillate transferred into a dry glass beaker. It stirred homogeneously before loading into pycnometer. Dry
pycnometer filled with distillate, it outer surface dried and weighed. The results obtained were W 3. Mass of distillate
reached by W3-W1 = L. Water (L) mass calculated by "specific gravity" or spg = L/W. Spg value determined using AOAC
table (Analysis of the Association of Official Analytical Chemists) and subsequent ethanol percentage is calculated
(Purwanto, 2004).
2.7

Reducing sugar analysis
Reducing sugar analysed using Nelson Somogyi method (Sudarmadji et al., 1984 under Dewi et al., 2005). 1 mL of
distilled water sample added to 10 mL of final volume. One 1 ml of mixture added into 9 mL of distilled water. Mixture
of 1 mL samples and 1 mL Nelson (Nelson mixture of A and B; 25: 1 v / v) heated at 100°C for 20 minutes. Samples
cooled into room temperature. Arsenomolybdate in 1 mL volume with 1 mL samples mixed and shaken using 7 mL of
distilled water. Their absorption of visible light (visible) measured at a wavelength of 520 nm. Sample absorbance
values are converted to reducing sugar (mg/mL) based on the standard solution regression equation.
3
3.1

RESULTS AND DISCUSSIONS
Ethanol production and pretreatment Result
Lignin in bonding lignocellulosic cogongrass can be a barrier for the hydrolysis and fermentation, so it required an
important phase which was the initial treatment (pretreatment). Pretreatment composed in mechanically, physically,
and chemically. Stems and leaves of cogongrass are dried in the sun for 12 hours. Drying would evaporate the water
content in the cogongrass in order to obtain the dry weight of the fibers containing lignocellulose complex. Cogongrass
dry and then cut it into the size of 1-2 cm for easy grinding into powder. Blender was used for milling in order to
minimize the size of the substrate. The substrate that passes a sieve of 40 mesh is used due to its small size. it enlarged
the enzyme contact to the substrate during hydrolysis. According to the Sun and Cheng (2002), the size of the raw
materials affected the porosity, so as to maximize the contact between the raw material with enzymes. The smaller
size of the substrate would facilitate the degradation of lignin so that cellulose and hemicellulose would be hydrolyzed
optimally.
Pretreatment process was a combination of physical and chemical powder made by soaking the reed-sized 40mesh into a 2% NaOH solution with a composition of 1:10 (w/v) for 24 hours. The use of lye, NaOH 2%, based on the
research Ashary (2011) which produced high cellulose content of 61.70% with the remaining lignin of 3.39%. Alkaline
pretreatment using more effective in removing lignin and low inhibitor formation by causing the degradation of ester
and glycosidic bond, resulting in structural changes in lignin, cellulose swelling, partially decrystallizing of cellulose and
dissolving hemicellulose portion (Brodeur et al., 2011). The composition 1:10 was balanced and efficient composition
between the substrate and the solution. After 24 hours and heating at 121°C for one hour, NaOH solution changed
into black and the substrate became yellowish. It caused by a reaction between the solution of NaOH with lignin in
the substrate catalyzed by heating. NaOH is a strong base which had a hydroxyl group (OH) on the bond (Campbell et
al., 2004). According Safaria et al. (2013), the hydroxyl group of NaOH was able break the bonds of the basic structure
of lignin while Na+ ions bound with lignin to form sodium phenolics. These salts were soluble phenolics so that lignin
dissolved marked in black on a solution called black liquor (black liquor).
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Table 1. Pretreatment result.
(g)

Pretreatment weight
with

(ml)

390

283

433

314,2

2006.

In this study, 100 plants with a weight of 1 kg was changed to 500 g dry weight, and after treatment of NaOH, 500 g
of dry substrate obtained wet weight of 216,47 g substrate. Wet weight after NaOH treatment is assumed to contain
cellulose, so in this study 1 kg cogongrass containing 433 g of cellulose. According to Karimi et al. (2006) 390 g cellulose
theoretically be converted to 220 g or 283 ml of ethanol. So in theory, 433 g cellulose cogongrass in this study can be
converted into 244,2 g or 314,2 ml. When produced as much as 100 tons of cogongrass per year, can be obtained by
31,4 million liters of ethanol per year.
3.2

Enzyme hydrolisis process using Penicillium sp. code T1.2
Before the final result of ethanol, the cellulose firstly converted into glucose in the process of hydrolysis. Enzymatic
hydrolysis process is carried out using an enzyme derived from the fungus Penicillium sp. T1.2 code collection
Laboratory of Microbiology and Biotechnology, Biology, ITS. Astutik et al. (2011), has been testing the enzyme activity
of the fungus Penicillium sp. T1.2 code and obtaining a cellulase enzyme activity of 16.47 IU/ml and xylanase enzyme
activity of 4.67 IU/ml. That cellulase enzyme activity showed that the enzyme were capable of catalyzing the
degradation of cellulose to glucose quickly per minute of it, so that the fungus used.
Hydrolysis time process conducted based on Alfiah and Kuswytasari (2012), which used 13 days for hydrolysis using
the mold Penicillium sp. T1.2 code. Fungus was heterotrophic organisms that absorbed the nutrients in the form of a
simple molecule that has been overhauled using cellulase enzymes that secreted. This absorption process is carried
out by the hyphae form mycelium collection. Mycelium growth showed that the mold has been active revamp the
cellulose to glucose.
Table 2. Reducing sugar at the beginning.
Level of initial reducing sugar
Hydrolisis using mold

According to Table 2 above, reducing sugar testing showed different results between reducing sugar hydrolysis by
the addition of fungi 10,37%, and without the addition of molds (control) by 2,14%. These results indicated that there
has been a hydrolysis with enzymes involved cooperation of three components namely the endoglucanase enzyme,
-glucosidase to produce the final result of sugar. According Gunam et al., (2010), endoglucanase
-1,4-glycosidic on cellulose to short-chain cellulose (selodekstrin), exoglukanase then break
-1,4-1,4-glycosidic on cellobiose to
glucose.
3.3

Zymomonas mobilis starter determination age
One important thing before entering the fermentation process was the manufacture of starter. Starter was a
collection of organisms that ready inoculated into the fermentation medium. According to Hogg (2005), the age of
starter used as an inoculum, is determined by calculating the specific growth ra
on data on the number of cells and the incubation time on a growth curve.
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Figure 1. Growth curve of Z. mobilis in cogongrass fermentation substrat.
Accretion of cells began to look and continue uphill on the hour to the 5 th through 16th which was the exponential
phase (log). Log phase ended at the 16th hour. The number of cells that live in this phase was the optimal number of
living cells and have an activity that was very active in converting the substrate into ethanol. After the accretion of
cells or cell proliferation, cell activity will increase as well, and in general will tend to stagnate, called the stationary
phase shown in the above time-18 hours. In this condition, bacterial growth had limited because of the essential
nutrients in the medium has been used or because the byproducts of bacteria that inhibit cell growth.
Based on the calculation of the number of cells and the incubation time obtained specific growth rate of the largest
generation 0.618 / hour and time of the fastest doubling time of 62 minutes was found on 5th hour. At this hour the
inoculum used as a starter in the fermentation process. At the 5th, the number of cells increased with the speed at
most cell divides into two fastest so will many bacterial cells began actively to utilize the nutrients in the medium to
be converted into ethanol. Therefore, age is determined on the clock starter 5th.
3.4

Ethanol fermentation result using Zymomonas mobilis
Anaerobic fermentation designed with Hungate technique, by flowing nitrogen gas for 5 minutes into the
fermenter bottle which closed with a rubber stopper. The addition of starter conducted with several concentrations
of inoculum were 0% (control), 5%, 10%, and 15% ethanol concentration and measurement was conducted every day
0, 3, 5, 7, and 9 days. The results obtained by the ANOVA test showed that the concentration of inoculum and
fermentation time was significant (P <0.05) on ethanol, so that interactions between them were also significant (P
<0.05) on ethanol that produced, Significant interaction was followed by the Tukey test showed significant differences
between the ethanol content of interaction with each other.
Table 3. Ethanol level (%) fermented by Z. mobilis.

Incoculum
cooncentartion
of
0%
5%

Ethanol level (%) in time
0 day

3 day

5 day

7 day

9 day

0,09a

3,83d

5,90e
6,47e
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Figure 2. Ethanol level in cogongrass substrate fermented by Z. mobilis.
Based on the ethanol content in Table 3 and Figure 2, it can be seen that the interaction between the concentration
of 0% fermentation time 0, 3, 5, 7, and 9 consecutive days was 0.00%, 0.04%, 0, 09%, 0.17% and 0.17%. However,
based on ANOVA followed by Tukey's test with a confidence interval of 95%, the ethanol content of 0.00%, 0.04%,
0.09% and 0.17% gives results that are not significantly different (notation a), so even tho ugh contained ethanol at a
concentration of inoculum 0% and fermentation time of 3, 5, 7, 9 days by 0.04%, 0.09%, 0.17% is not considered
significantly different from ethanol content 0.00%. Ethanol was not produce due to the absence of inoculum so no
microorganisms that utilized substrates and nutrients into ethanol.
All treatment produced ethanol, except all the interaction fermentation time in 0 days therefore ethanol absent in
the fermentation medium. This was presumably because the bacteria adapted to the new fermentation medium. They
tend to utilize nutrients for the cell synthesis than to produce ethanol. According to Thiel (1999), bacteria required to
synthesize amino acids, enzymes, and vitamins before starting growth when transfered into new medium. In addition,
nitrogen gas injected within medium to stimulate anaerobic condition. Breed et al. (1957) argued that Z. mobilis favor
to alive in aerobic conditions.
In figure 2 can be seen clearly that the ethanol content increased during fermentation time 3 to 9 days. It showed
an active cells bacterial activity are to produce ethanol. According Presscott and Dunn (1959), the availability of
reducing sugar substrate and the number of microorganisms Z. mobilis affected in ethanol fermentation. Physical and
chemical factors (temperature of 30°C, pH 4, and anaerobic conditions) might also increase the optimum fermentation
results. According Jungwoo (2011), temperature and pH influenced the performance of the enzymes in the pathway
Entner-Doudoroff, including phosfoglucocinase enzyme which converted glucose to glucose 6-phosphate. The
presence of oxygen increased the accumulation of acetaldehyde, acetic acid and other metabolites to inhibit the
formation of ethanol, while the absence of oxygen were performance improvements enzyme pyruvate decarboxylase
and alcohol dehydrogenase played a role in the formation of ethanol (Yang et al., 2009).
Ethanol began to decrease at 9 days with 15% inoculum concentration. Based on this study, it can be estimated
reduction in ethanol content would continue to occur in every inoculum concentration after the 9th day onwards so
that the fermentation can be terminated at day 9. This was due to nutrients diminishing, and the higher levels of
ethanol to inhibit bacterial growth. According to Hart and Suminar (1983) reduction in ethanol content involved the
oxidation of alcohols to aldehydes and ketones. In this oxidation, nicotamide adenine dinucleotide (NAD), was
triggering enzyme to oxidizes alcohols into carbonyl compounds and NAD reduced to NADH. Ethanol might be oxidized
to acetaldehyde which inhibited the growth of Z. mobilis.
The highest ethanol content of 9.19% was obtained at inoculum concentrations of 10% and fermentation time of
9 days. However, based on ANOVA followed by Tukey's test with a confidence interval of 95%, the results are not
significantly different from ethanol at a concentration of 10% inoculum and fermentation time of 7 days 9.02%, and
the inoculum concentration of 15% and fermentation time of 7 days (notation f). Inoculum concentration of 10% is
better used in the fermentation process compared with a concentration of 15%. This was because when more
inoculum added to the medium, it would have lead to the dense population in the medium, and trigger competition
in the cells to utilize nutrients. Fermentation at 7-day period was better than 9 days. It caused the longer fermentation
time, where more ethanol is formed, high ethanol concentrations might lower the pH of the medium. Azizah et al.
(2012) stated that alcohol is acidic, got cause the pH of substrate lower. It affected the activity and viability of Z.
mobilis. Therefore, concentration of 10% inoculum and fermentation time of 7 days optimally produced ethanol at
9.02% content.
3.5

Ethanol level related to reducing sugar
Reducing sugar was a type of sugar that reduced the electron acceptor compound (Lehninger, 1982). The
concentration of reducing sugar in the fermentation medium determined the amount of ethanol formation by bacteria
Z. mobilis. Reducing sugar measurements in this study was conducted using the method Semogyi-Nelson. Reducing
sugar measured during the fermentation process was the reduction of residual sugar that not utilized by Z. mobilis.
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Based on Table 4, it can be seen that in general decreased levels of reducing sugars during the fermentation process.
This is due to the fermentation process the conversion of sugars into ethanol and carbon dioxide reduction. The
amount of conversions that occur on the average of beginning and end of the reducing sugars obtained ranged
between 16-36%.
Table 4. Final average of reducing sugar during fermentation.
Consentration

Reducing sugar
Beginning

Final

Conversion
(%)

0%

10,37

16,69

5%

10,37

25,78

10,37

24,58

10,37

36,16

At a concentration of 0% is obtained lowest conversion value (16,69%), indicating that there is no reduction in the
significant reduction sugar from 10,37% to 8,64%. This is due to the fermentation process resulting in reduced sugar
conversion tends to be low, and produces low levels of ethanol. The decline reduced sugar without the addition of
bacteria inoculum may be caused by natural oxidation of glucose to acetaldehyde, acetic acid and other metabolites
(Yang et al., 2009).

Figure 3. Relation ethanol level with final reducing sugar in-9 days fermentation.
At a concentration of 5%, 10%, and 15% showed an average conversion value increased approximately 24-36%.
This indicated there has been a process of fermentation for reducing sugar is converted into ethanol. When viewed
from the relationship of reduction sugar and ethanol levels in Figure 2, a high ethanol yields coupled with low reducing
sugar. Grote et al. (1980), stated that the maximum concentration of ethanol is obtained when the minimum residual
reducing sugar concentration.
Overall, the results of reducing sugar conversion to ethanol in this study is still low when compared to the research
conducted by Sulfahri et al. (2012), the conversion of reducing sugar reached 80%. This shows that not all substrates
reducing sugar is converted into ethanol by Zymomonas mobilis. Various factors can influence the occurrence of these
things, one of which is influenced by the results of hydrolysis catalyzed by the enzyme cellulase from the fungus
Penicillium sp. that not all converted into glucose, which are allegedly still short chain cellulose (cellodexstrin) or
cellobiose in the medium. Most cellulase which produced by the cellulotic fungus had lower b-glukosidase than that
required for the hydrolysis of cellulose to glucose efficiently, so that the main hydrolysis product instead of glucose,
but it was cellobiose (Juhasz et al., 2003). Cellodextrin and cellobiose might not be converted directly by Zymomonas
mobilis. This was because unmodified Z. mobilis has a narrow range of carbon source utilization, limited to the
substrate glucose, fructose, and sucrose (Garrity, 2005). Therefore, the reduction of the conversion of sugar into
ethanol tends to be low.
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4

CONCLUSSIONS

The conclusion of this study was Imperata cylindrica (L.) Beauv. potentially as a raw material in the manufacture
of ethanol fermented by Zymomonas mobilis bacteria. It indicated by the ethanol content 9.02% at optimum inoculum
concentration of 10% and fermentation time of 7 days.
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