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Abstract. Fermentation is the process of the formation of ethanol from glucose by using enzymes. Bamboo is
one of the materials containing glucose is high enough, that is previously done hydrolysis in advance. Bamboo
used when the hydrolysis process of bamboo that does not include lignin and the pentose done process of
pretreatment and not lignification. The purpose of this research is to produce ethanol as a raw material
substitution of bioethanol, knowing pentose and dirt left in the bamboo. Therefore, need to be studied in the
future, with the best process, that we used biological processes that can optimize the production of ethanol.
The use of the enzyme (Saccharomyces Cerevisiae and Zymomonas Mobilis) is also significant because of the
optimum enzyme conditions. Temperature, pH, and the yeast with optimal conditions when it can raise the
level of his work. The fermentation process at temperature 25 C and 45 C, the filtrate is 500 ml solution of
bamboo and the stirring speed of 200 rpm. The variable composed enzyme with a ratio (v/v) of 0.25 to 0.75.
Resulting from the fermentation processed can produce ethanol with a yield 30.5% and 36% of the weight of
the bamboo. The result of the process of fermentation obtained bioethanol with low ethanol yield of 10-15%,

which requires the flash distillation process to obtain yield bioethanol technical 90-95%.

Introduction


mailto:ketutsari.tk@upnjatim.ac.id

gaseohine—fuel Bioethanol has been proclaimed as
one of the feasible alternatives for gasoline fuel
substitution. Bioethanol is mostly obtained from
biomass, especially from plant [1]. ﬁustainable
bioethanol from rice straM Bioetanol bisa
diperoleh dari bahan baku batang padi [2]. Ethane!
The production_ of ethanol is wusually from
lignocellulose by chemical hydrolysis process

—_

conducted the-process-of-pre-treatment and ; the
next process is the precess—ef-fermentation and
distillation process. In pre-treatment processes,
the most important is to remove the lignin and
pentosane, which can dissuade the lignin and
pentosane. Various approaches have been
performed earlier as pre-treatment in acids, bases,
ammonia, sodium chlorite, and biological [3].

ffhge research was conducted to evaluate acid
pretreatment from hydroxide paper waste as
material  for  bioethanol  production__ by;
optimization ofzed sulfuric acid hydrolysis, while
the fermentation process of hydroxide acid of
paper waste by using Pichia Stipites. rrhe ethanol
content was obtained at 77.54%. By one more
distillation process, the ethanol content received
at the level of 95-96% [4]. Chemical pretreatment
of lignocellulose biomass with-using sSulphur (H,SO4)
and phosphorus (H3POa) acids are commonly used
since they are relatively cheap and efficient in
hydrolyzing lignocellulose, fchough the letter gives
a milder effect and is more benign to the
environment] penggunaan sSulphur (H,SO4) and
phosphorus (H3PO4) lebih ramah lingkungan.
Hydrochloric acid is more volatile and more natural
to recover and attacks biomass better than H,SO4

[5]. Similarly, nitric acid (HNOs) possesses good
cellulose to sugar conversion rates [6]. lHowever,
both acids are expensive compared to sSulphur
acid‘ kestabilan atau jumlah H+ pada H,SO, lebih
banyak dibanding HClI dan HNO3 pada konsentrasi
yang sama. Selain itu, H.SO4 mempunyai pengaruh
anion dan faktor disosiasi asam yang lebih tinggi
dibandingkan HCl dan HNOs.

Pretreatment of lignocellulose has attracted many

researchers due to its influence on the technical,
economic, and environmental sustainability of
cellulose ethanol production. This paper reviews
knowledge and chemical pretreatment method
and also the combination of chemical
pretreatment to escalate the carbohydrate
preservation, reduce the degradation product,
obtain a high yield of sugar in a mild condition of
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dari bahan baku biomassa] [9]. Pretreatmentfor
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pretreatment—Pretreatment for production of
bioethanol from olive oil waste that used sulfuric
acid and heating at 140°C for 10 min result in
ethanol 5.4 %. This yield was higher than ethanol
obtained without pretreatment, about 5.0 % [10].
lPretreatment followed  with  simultaneous
scarification and fermentation on bioconversion of
microcrystalline  cellulose  for  bioethanol
production, the yield value of 67 % bioethanol
bioconversion apabila pretreatment dilanjutkan
dengan proses skarifikasi dan fermentasi maka
akan menghasilkan rendemen 67%  [11]. A
sustainable feedstock bioethanol production,
cellulose hydrolysis was microwave irradiation
using hydrochloric acid as catalyst, fermentation
with yeast (Saccharomyces cerevisiae), modest
reaction conditions (2.38 M acid concentration),
irradiation time 7 min, and yield of 0,.67 g glucose
/—g cellulose [12]. [Elements contained in the
lignocellulose biomass of the plants are usually
used lignocellulose biomass, a potential for
bioethanol production gIobaIM Tanaman yang
termasuk  biomassa lignocellulose berpotensi
menjadi  bioetanol.  Agriculture  (softwood),
forestry (pretreatment method obtained ethanol
content below 16% Bahan baku dari Pertanian
(kayu lunak), kehutanan (kayu keras) berpotensi
menghasilkan ethanol dibawah 16%, dengan
melakukan proses pretreatment. Pretreatment
with dilute acid (sulfuric acid) eliminating-aims to
eliminate the hemicellulose components and
increase the sugar. The pretreatment method of
sulfuric acid has leng—been recognized as an
important step towards eliminating the
hemicellulose fraction of lignocellulose substrates
and savinge the conversion of cellulosic biomass
[20]. The research conducted by [21] about ethanol

production from sago pith waste (SPW) using
microwave hydrothermal hydrolysis catalyzed by
carbon dioxide; resulted in a higher energy saving
compared to previous techniques in the absence of
enzymes, acid, and base catalyst. They obtained
ethanol content below 15.6%. The production of
bioethanol from lingo-cellulosic biomass through
process—several steps, such as pretreatment,
hydrolysis, fermentation, distillation [26]. Ethanol
production from lingo-cellulosic technologies is
largely  determined by  hydrolysis  and
pretreatment, whether—either chemical or
biological [27].

Ethanol from the liquid waste of rising flour
using fermentation by Saccharomyces obtained;-a
maximum of 23.8% glucose and 40.5% ethanol
yield.; £Thise developed technique for a liquid
waste of rising flour resulted in higher energy
saving compared to the previous method in the
absence of enzymes, acid or base catalyst [28].
Bioethanol dari bahan baku biomassa (lhardwood),
and industrial Maste are significant lignocellulose
biomass for bioethanol production. The
lignocellulose biomass is one of the potential main
sources for economic bioethanol production
globally.  Agricultural, forestry (soft and
hardwoods), and industrial wastes are the major
lignocellulose biomasses [13]. The bioethanol
production from lignocellulose biomass by using
precess—pretreatment, hydrolysis, fermentation,
and recovery of ethanol—was-ebtainedresulted in

=2t Y

by-ethanol under|ess than 16% v/v_meanwhile

Jess than |
with—by the distillation process will—again—be
derivedwould obtain ethanol 95-96% v/v. [The
research conducted bioethanol production from
lignocellulose biomass by using the pretreatment
process, hydrolysis, fermentation, and ethanol
recovery. Therefore, ethanol content obtained in
the level below 16%, and by one more distillation

process the ethanol content would receive of 95-
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96% v/v ‘Maksudnya disini (hanya 1 kali distilasi),
proses fermentasi menghasilkan kadar ethanol
dibawah 16%, pada proses distilasi menghasilkan
kadar ethanol 95-96% [18]. The research
conducted by [19] about bioethanol production
from agricultural waste using PROFER Cellulosic or
second-generation (SG) bioethanol produced from
lingo-cellulosic biomass (LB) is-involved three main
steps: pretreatment, hydrolysis, and fermentation.
Pretreatment involves the wuse of physical
processes, chemical rethodsprocess, physico-
chemical processes, biological methedsprocess,
and several combinations thereof to fractionate
the lignocellulose into its components. It results
iawill lead to the disruption of lignin seal to
increase enzyme access to cellulose [29, 30],
reduction of cellulose crystallinity [31, 32], an
increase in the surface area [33, 34] and porosity
[35, 36] of pretreated substrates, resulting in
increased hydrolysis rate. In hydrolysis, cellulose
and hemicelluloses are broken down into
monomeric sugars via the addition of acids or
enzymes such as cellulose. Enzymatic hydrolysis
offers advantages over acids such as low energy
consumption due to the mild process requirement,
high sugar vyield, and no unwanted wastes.
Enzymatic hydrolysis of cellulose affected by
properties of the substrate such as porosity,
cellulose fiber crystallinity, and degree of
polymerization, as well as lignin and hemicellulose
content [37, 38], optimum mixing [39], substrate
and end-product concentration, enzyme activity,
reaction conditions such as pH and temperature
[40, 41].

The research that will be carried out is the
development [42] on the manufacture of
bioethanol from wheat flour liquid waste, wherein
this study en—hydrelysis—precess—used H,SOs
gCatalysts in hydrolysis process and Turbo Yeast 48
in the process of fermentation ef-yeast-that has a

itis expected to get higher ethanol content results.
Turbo vyeast is a blend of dry wine yeast
(Saccharomyces  cCerevisiae) and  nutrients
optimized to provide the right-best combination of
nitrogen, vitamins, and trace minerals that yeast
needs in different stages of alcohol fermentation.
In this study, bioethanol levels from wheat flour
liquid waste and optimum time in the fermentation
process were,- examined, as well as the influence
of optimum Turbo Yeast levels on ethanol levels
produced.

Penelitian ini untuk memperoleh kadar
bioethanol yang optimum dengan proses hidrolisis
menggunakan katalis H,SO4 dan proses fermentasi
menggunakan Turbo Yeast 48. Tujuan penelitian ini
untuk mencari kadar bioethanol optimum
terhadap pengaruh kadar Turbo Yeast 48 dan
waktu fermentasi dengan response surface
methodology. Urgensi penelitian pertama adalah
dalam proses fermentasi selama ini diperoleh
kadar bioethanol dibawah 16%, dengan
menggunakan turbo yeast 48 memungkinkan
diperoleh kadar bioethanol 25-40%. Urgensi
penelitian kedua adalah optimalisasi kadar
bioethanol terhadap pengaruh 2 variabel (kadar
Turbo Yeast 48 dan waktu fermentasi)
menggunakan grafik 3 dimensi, dengan metode
response surface methodology. Batasan penelitian
pertama pada hasil eksperimen dengan proses
hidrolisis menggunakan katalis H,SOs dengan
kadar 5 %v/v, menghasilkan filtrate glucose
dengan kadar 11 %. Batasan penelitian kedua pada
hasil eksperimen dengan proses fermentasi
menggunakan Turbo Yeast 48 dan waktu
fermentasi menghasilkan bioethanol dengan
kadar 37 %. Batasan penelitian ketiga, dari data
yang diperoleh pada proses fermentasi, dibuat
grafik tiga dimensi, yang terdiri dari : sumbu x

Commented [DAS9]: Ini pengulangan dari kalimat sebelumnya
ya?
one more distillation di sini maksudnya re-distilasi atau hanya 1 kali
distilasi?

| Formatted: Highlight J

\ Formatted: Font: Italic J

( Formatted: Highlight

\ Formatted: Highlight \

Commented [DAS10]: Mohon author sertakan tujuan, urgensi,
batasan studi, dan keterbaruan secara jelas

 Formatted: Highlight )

(kadar turbo yeast 48), sumbu y (kadar bioethanol)

\ Formatted: Highlight ‘




dan sumbu z (waktu fermentasi). Kebaruan
penelitian

Literature review

The hydrolysis process changes starch to
monosaccharides (glucose) with the-help-6£H,S0,4
catalysts through the hydrolysis process. )can be
separated from the mixture with the addition of
alkali such as calcium, so that it can be deposited in
the form of calcium sulfate. rThe rate of hydrolysis
process will be increased by the high concentration
of acids.,—using H,SO4 catalysts provide breater
Ievels] kadar asamnya than the use of hydrochloric
acid catalysts,—because H,SO4 has—severaloffers
more H+ ions than HCl so the reaction speed-rate

because—it—worksfaster—The aAcids used range
from hydrochloric acid (HCl), sulfuric acid (H2SOa),
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istnereastngwill increase and provides a greater
product of hydrolysis results. \With-In the same
concentration of different catalysts, both H,SO.
and hydrochloric acid have the same amount of
water, but H,SO; has more H+ ions than
hydrochloric acid resulting in better lasting-bond
disconnection better. Tthe highest furfural yield is
obtained atin a 1% H,SO, catalyst concentration,
and hydrolysis time of one hour [43].

Several fFactors that influence the hydrolysis
process are: pH is very influential on acid
concentration and hydrolysis.; lif the acid
concentration is high, then theresultingpH is low.;
the-pH-is-geedThe optimum pH for the hydrolysis
process that is at pH 4.5 [44]. To speed up the
course of the reaction, the hydrolytic reaction
requires a catalystalmestalhydrolyticreactions
reguirea-catalyst. The catalyst used can be either
enzymes or acids, because it works ffasted secara
proses biologi menggunakan enzim (Bacillus) atau

secara proses kimia (HCI). P«etds—used—utange—#em

to nitric acid_(HNOs). The concentration of H
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tensthe acids also affects the reaction speed;se-it's
not-because-of the-type-of-acid- Generally, a high
concentration of acids is used.-used-acid-selution
Ererhasm s e sid-eanesrimibions The effect of
temperature on reaction speed—rate follows
Arrhenius' equation that is, the higher the
temperature, the faster the reaction. fl'he speed
rate of hydrolysis reaction will increase almost 2
times for each temperature rise of 100 °C Tingkat
reaksi hidrolisis akan meningkat hampir 2 kali lipat
pada suhu 100 °C.] For the reagents to collide with
each other properly, it is necessary to stir. For
batch processes, this can be achieved with the help
of a stirrer or shaker [43]. The longer the hydrolysis
time, the greater the concentration of glucose
produced. At low levels of use, the balance will
shift to the right wel. High suspension levels result
in the increase_oféd viscosity of the mixture,
resulting in an increasing amount of insoluble
starch particle content. This results—inlead to the
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hydrolysis process netbeing—able—tecannot run
properly or perfectly. The more starch suspension
levels are hydrolyzed, the longer the processing
time needed to hydrolyzesis the starch [45].

Batch fermentation is a closed system, no addition
of new media, no addition (O2), antifoam, acid or
base is carried out through using pH control. Batch
fermentation is widely used in the industrial world
to produce ethanol due to the ease in the
sterilization and control process of tools. But there
are some drawbacks of batch fermentation that is,
obstacles due to high sugar content, the limited
concentration of ethanol yield (12%), and low
productivity. However, batch fermentation is still
an option because the yield obtained is higher
compared to other methods. In the ethanol
production with batch process, microorganisms
work in high concentrations of substrates at first
and high concentrations of products eventually.
Generally, batch fermentation is characterized by
low productivity. Microbes that can be used are
Saccharomyces Ecerevisiae, whichthat are the best
microbes for ethanol fermentation because they
are relatively more efficient at converting sugar
into ethanol and are more tolerant to ethanol [46].
Saccharomyces cCerevisiae microorganisms have
several brands circulating in the community
including Turbo Yeast 48, red star, baker's yeast, all
tech, and strand. Based on the results of research,
several types of brands that obtained the highest
ethanolyields in a row are the red star, Turbo Yeast
48, strand, baker's yeast, and All tech. In this study
Turbo Yeast 48 was used to convert glucose into
ethanol. The yeast used to inoculate fermentation
meets the following criteria: mMust be in a healthy
and active state to minimize the length of the lag
phase in the next fermentation. It should be
available in Jarge volumes large-ensugh-to provide
an inoculum ef-in optimal size. It should be in the
form of appropriate morphology. It mMust be

contamination-free. It must maintain the ability to
form its products.

The process adopted to produce an inoculum
that meets these criteria is called inoculum
development or starter inoculation. The formation
of products in the starter culture is not a goal in the
development of the inoculum so that the starter
media can have a different composition of the
production media. Fermentation is minimized by
growing culture in 'final-type' media. Inoculum
development media should be quite similar to
production media to minimize the period of
adaptation of culture to production media, thereby
reducing lag phase and fermentation time.
Inoculum which is usually used is between B and
10% ‘3—10% of medium volume. A relatively large
volume of inoculum is used to minimize the length
of the lag phase and produce maximum biomass in
the production fermentation in the—a shortest
possible  time, thereby increasing vessel
productivity [47]. Factors that influence the
fermentation process are: for Saccharomyces
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ccerevisiae used in wine fermentation, the
manufacture of alcohol using low initial sugar
content causes a short yeast growth time resulting
in a_low alcohol content. This is because the
number of microbes formed is greater when
compared to the amount of food available at the
beginning of fermentation [48]. Saccharomyces
cerevisiae can grow well in the pH range 3-6, if the
pH is smaller than |3.5| range nya dari 3.5-6.0 then
the fermentation process will be reduced in speed.
The most optimum pH for the fermentation
process is in the range of 4.5-5. At higher pH, yeast
adaptation is lower and fermentation activity also
increases, but there are also other influences on
the formation of by-products, for example, if the
pH is high it will increase the concentration of
glycerin. In general, a good temperature for the
fermentation process is between 20-30 °C. The
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lower the fermentation temperature, the higher
the alcohol content produced. This condition
occurs because, at low  fermentation
temperatures, fermentation will be more perfect
and lose alcohol. After all, because it is carried by
less carbon dioxide [43].

Fermentation time is generally about 7 days
depending on sugar content, temperature, and
others. For example, for materials containing 10%
glucose 10%-,efthe optimum fermentation time is
4-5 days, while for substances containing 18%
glucose 18% of, the optimum time of fermentation
is 5-6 days. The yeast content used is very
influential on the fermentation time as well as the
alcohol content produced. High concentrations of
the ingredients provide higher inhibitor
concentrations and greater concentrations of
yeast can make detoxification faster and the
resulting alcohol content greater. Within the
lSaccharomyces cerevisiaelspecies, many different

HO
|

e
likolisis b
Glukosa B (\: 9
H,C
2 piruvate
2CO,
2NAD' 2 NADH
A )
e H
C,Hs;OH =0
alkohol dehidrogenase ]
2 etanol CH
3
2 aselalhehida

Fig. 1. Reaction—to—theThe mechanism of
fermentation  process. Glukosa mengalami
glikolisis  membentuk 2 piruvate, bereaksi
membentuk 2 asetaldehida dan 2 CO,, dengan

dehidrogenasi 2 asetaldehida menghasilkan 2
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strains  have very different performance
characteristics and produce diverse flavor
congeners. For example, yeast strains used in
Turbo Yeast 48 products have the can-ability to
ferment up to a very high percentage of alcohol (20
%) while producing a very low volatile_ compound.
Conversely the usual yeast strain Saccharomyces
cerevisige can produce maximum CO, te-causethat
cause the dough to expand, but usually dies at a
much lower alcohol content when producing high
volatile levels.

etanol dengan enzim 2 NADH atau 2 NAD*

Turbo Yeast 48 contains Ethanol TT yeast
which is very actively mixed with Nutrient Turbo
Yeast 48 for high alcohol fermentation. Turbo
Yeast is commonly used for the manufacture of
alcohol from fruits, sugar cane drops, as well as
grains. Turbo yeast is a mixture of dry wine yeast
(Saccharomyces cCerevisiae) and nutrients. The
lspeciall strains used (there are many different
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strains of Saccharomyces cCerevisiae) wereshould
Mchosen because of their ability to produce
alcohol and their nutrients are optimized to
provide the right combination of nitrogen,
vitamins, and trace minerals that yeast needs in
different stages of fermented alcohol. |t also
contains a pH adjustment because the pH of the
sugar/water mixture is far from optimal‘. The
advantage of Turbo Yeast is that-it produces a
higher alcohol content efup to 20%, works in a
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relatively-fast time, and withstands in fairly high
temperatures [49].

used-isa-strongacidAcid hydrolysis usually uses a
strong acid as a catalyst. A-commeonlty-used-acid-in
hyeérolysis-isHydroehlorie-aeid-Commonly, the acid
used is HCI or HzSOz;‘ in the concentration range of
2-5% . o
inf ¢ . .

water—but—H,S0,—has—more—H+—ions—than
) )

—Starch is-has a more complex

component than disaccharides. Starch consists of 2
fractions that can be separated by hot water.; Tthe
dissolved fraction is called amylose and the
insoluble fraction is called amylopectin. Amylose
has a straight structure with a bond of a (1,-4) D-
glucose, while amylopectin has branches with a
bond of a (1;44) (1.4)D-glucose as much as 4-5% of
the total weight. Before undergoing the
fermentation process, starch should be broken
down with water using the help—ef-amylase
enzymes. Amylase is an enzyme that serves to
break down starch and can be grouped into three
enzyme groups namely a-amylase, B-amylase,
glucose amylase. Enzyme a — amylase works by
breaking the a-1,4-glycosidic bonds in the straight
amylase to produce glucose in alpha, maltose, and
dextrin configurations [50]. Maltose is hydrolyzed
into glucose using the enzyme maltase.

The formation of bioethanol from glucose through
the fermentation process takes place through two
stages, namely the glycolysis stage and the alcohol
fermentation stage. In the early stages,

carbohydrates will be broken down first into
simple sugars that-are-by-(hydrolysis of starch into
glucose units). In the first stage of glucose,
fermentation is—always formsed pyruvate acid.
Glycolysis is a series of chemical reactions
decomposition of glucose (which has 6 C atoms) to
pyruvate acid (which has 3 atoms C), NADH, and
ATP. NADH (Nicotinamide Adenine Dinucleotide
Hydrogen) is a coenzyme that binds te-electrons
(H), so-called high-energy electrons. ATP
(Adenosine Triphosphate) is a high-energy
compound. Each phosphate released produces
energy. In the glycolysis process, each glucose
molecule is converted into 2 molecules of pyruvate
acid, 2 NADH, and 2 ATP. In the second stage of
alcohol fermentation, pyruvate is converted into
alcohol through two stages: namely—first—first,

pyruvate is decomposed into acetaldehyde by

pyruvate decarboxylase by involving
pyrophosphate thiamine, and hhe second stage of
acetaldehyde by dehydrogenase alcohol is reduced
with NADH?2 to alcohol [51].

The suitable design of the first-order
experiment suitable—for the filter stage of the
factor is the 2" factorial design (Two-Level Factorial
Design). Equations and optimization results are
were obtained by using Minitab software. In this
software, the optimal results will be shown by

using graphs as well as calculation result numbers.

Methodologyf

A L tliquid waste of wheat flour that has been
cleaned from impurities as—much—as—fourtiters
iswas put in the hydrolysis tank.; Tthe hydrolysis
process with-a-selution-efwas conducted by adding
5% [(v/v) HaS04 5-{%-v/v}-while-and stirring for 1
hour at a-speed-o£1500 rpm at a temperature of £
30 °C. Hydrolysis results are-were filtered to-take
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filtrateto-beusedand the filtrate was processed for
the fermentation precessand-while residue can be
used for compost. Glucose obtained is-was then
analyzed using a glucose refractometer, the
maximum level of glucose used in the fermentation
process is-was less than 16%, if glucose levels are
were _more than 16%—carried—out—thedilutien
proeess, jt should be diluted. The pH of fFiltrate
result of impurities-free hydrolysis process-iswas
regulated pH-—selution—+4.5-by adding with a
solution—of-H,50, 98% until the pH reached 4.5.
This step could be done if the solution obtained
was in alkaline condition. In contrast, if #-the
selution-isalkalineif-the solution is-was in acidic
condition, it should be -ther-added with-sedium

eguipped-with-UV-damps-for15-minutes. Then the
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lamp was turned off Furnr-eff the U\V-lamp;to insert
Turbo Yeast 48 trg-to-yari tablesi in a various
concentration of 2, 4, 6, 8, 10 (g/L}) into each sterile
bottle; Then it was added with NPK and ubrea each

in_each concentration of 0.1 gram/100 miL.

A

Prepare the H,0 in a separate bottle to taste, close
tightly both bottles, connect the connecting hose
to bottle 1 and the H,0 bottle for the indicator of
the presence of CO; and connect the sample hose
to bottle 1 for sampling and addition of nutrients.{
Wter the bottle is tightly klosed and all hoses have
been arranged, the fermentation process is-was

carried out with—time—according—to—yariablesin
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various time of 3, 4,5, 6, 7 ()days\).

hydroxide-8N8 N NaOH.

| Wheat Flour Liauid |

Pre-treatment

H,SO

50 | Hydrolysis Glucose
Turbo - Fermentation
veast 48

| Bioethanol (38 %) |

Fig. 2. The flow of gGlucose and bioethanol
production flew-used hydrolysis and fermentation
process.

500 mL filtrate was taken and put into the bottle.
This bottle then sterilized in incubators equipped
with UV lamps for 15 minutesEitrate—istakenas

Results

The raw material used in the manufacture of
bioethanol is;was the liquid waste of wheat flour
obtained from PT. Boga Sari Flour Mill. Wheat flour
has a high starch content of around 70%, so it is
expected that in the liquid waste there is still a high
content of starch as well.‘ %ccording to laboratory
analysis results], starch content in wheat flour liquid
waste is on average 9.282 % v/v, and glucose
content of 3.786 % v/v, so glucose levels k:an be
obtained bbout 12 % v/v after the hydrolysis
process. [In the fermentation process, starch must
be broken down first into glucose so that hydrolysis
is necessary. In the process of making bioethanol
based on wheat flour liquid waste, the material is
hydrolyzed first using a solution of H2S04 5% (v/ v)
while stirring for 1 hour at a speed of 1500 rpm,
then followed by a fermentation process using
turbo yeast as a source of Saccharomyces
Cerevisiae, urea and NPK 0.1g/100 ml as
microorganism  nutrition. The fermentation
process lasts for 7 days with variable turbo yeast 2,
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4, 6, 8, 10 (g/l),
following data:

(ya Bu Dian setuju) obtained the

Table 1

Bioethanol Content Analysis in Fermentation
Process

Content Bioethanol (% v/v)

Content Fermentation time (days)

Turbo yeast

(&/L) 3 4 5 6 7

2 28 31 32 33 33

4 32 33 34 34 34

6 33 34 35 35 35

8 34 35 36 36 36

10 35 36 37 37 37
lBased on previous research for

fermentation of straw 80 g/L! using Turbo Yeast
obtained results that is optimum Turbo Yeast
content of 6 g/l, and ethanol content of 18.6 % v/v]
[52]. Sebagai dasar penelitian menggunakan turbo
yeast 6 g/l menghasilkan kadar etnanol 18,6%. The
manufacture of bioethanol from jackfruit seeds
with the process of liquidation and fermentation
using Ssaccharomyces cerevisiae ebtained—the
resultsshowed that the highest alcohol centent
ofwas 40% with a fermentation time of 60 hours
and Tturbo Yyeast econtent-used was 0.01 % v/v
[49].

—@—2 g/l Kadar Turbo Yeast
—8—4 g/l Kadar Turbo Yeast

6 g/l Kadar Turbo Yeast
27 —&—8 g/l Kadar Turbo Yeast
——10 g/l Kadar Turbo Yeast

Content bioetanol (%v/v)
w
=

3 4 5 6 7
Fermentation time (day)

Fig. 3. Fermentation—time —{days)}—to—two-
dimensional—bioethanel—contert—{%—v/v)The
dependence of the bioethanol (% v/v) on the
fermentation time (days) and the concentration of
Turbo Yeast
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produced glucose levels of 5-10 (% v/v) and with
when the fermentation process wusing—used

wirernt UIc

sSaccharomyces cerevisiae_for 6 days produced

39
37

ethanol levels of 11-16 (% v/v). The ethanol leveled
up to 95-96% when the process continued by and
; )

Based on Figs. 3 and 6 it can be krewn-seen that
this treatment dees—petdid not undergo an
adaptation phase.—thisjs It is because on the 3r-

27

25
2 4 6 8 10

Content Turbo Yeast (g/l)

=7 Hari

Content bioetanol (%v/v)

day microorganisms have reached the logarithmic
phase so that bioethanol levels will increase over
time and at some] point, bioethanol levels will be
constant; this—is—becausedue to microorganisms
have undergone a stationary phase. However, the
time to reach this stationary phase was variedies
with-each-treatmentregarding the treatment. In a

treatment with 2% [Tturbo Yyeast Ltr—eatment—z—%

Fig. 6. h’urbo yeast content (g/L}) to two-
dimensional bioethanol content (% v/v).l
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the stationary phase occureds on day 6 to 7-{days).
Meanwhile, }r-in a treatment by using 10% Tturbo
Yyeast, the —treatment—10%stationary phase
occureds from day 5 to 7{days}. This suggests that
using-tee high levelss of turbo yeast can accelerate
the stationary phase and death phase; due to the
greater—increased number of microorganisms

formed so -it cannot be comparable with eermpared

to-the amount of food available.-at-the-beginning
of fermentation.

Bioethanol content with error bars

Bioethanol content (% v/v)

2 4 6 8 10

Turbo Yeast Content (g/l)

Based-en-Figs. 4 and 7 shows the figure-model

of optimization results. FFhe—ﬂgwe-abeve—shews—t-he
ma*%n—ep%hmam—ﬁe&%t{-f’l’he highest point in the

picture above shows the highest point of result.
Where if the red line is shifted following the shape
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of the curve, it will show the results on each
condition,\

Response Optimization: kadaralkohol

C d [DAS43]: which picture yang dimaksud? kalimat

Based on Figs. 5 and 8 after treatment with
contour plot depiction and surface plot
optimization using Surface Response Method in
Minitab 17 software application can be done an
optimization of desired results with certain
parameters. The parameters of the optimization
result arewere set to-preduce-the-most-optimum
aleehelgontentgain the optimum condition to
produce alcohol with a high concentration. The
optimization by using surface response method
obtained Optimization—results —using—surface
response—methed-has—an optimum result at—of
turbo yeast contentof 11.6569% jand fermentation
time of 5 days that resulted in alcohol eentent-of
37.2073%.

l

Fig. 8. Surface characteristics of contour plot
response between turbo yeast content and
fermentation time to alcohol content
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Fig. 9. The output of ©the optimization rResult
OutputGraph-withby using Minitab Software 17

As-aresultofourresearch-it-hasThe results of
this work provided the best-bioethanolcontent
ofhighest bioethanol obtained was 37% (v/v) in
thewith a treatment using 11% (v/v) glucose-evels
of11-%v/v, the addition of 10 g/L Tturbo Yyeast-10
g/t 0.1 g/100 mL for each urea and NPK-9-1-g/100
#al, stirring 1500 rpm for 1 hour, and fermentation
time of 5 days. IThis is due to the use of Turbo Yeast
48 is very active mixed with Nutrient Turbo Yeast
48 for high alcohol fermentation so that it can
produce higher bioethanol levels than the use of
ordinary Saccharomyces cerevisiae or the use of
other microorganisms.‘

Reaponae Goal Lower  Target Tpper Teight  Tmporcance
k=dar alkohol Maximun 28 a7 1
Fo].ut:im
kadsr

kadar turbo waktu alkchol Conpasite
Solution  yeast fernentasi Fit Desirabilicy
1 1L.5560 5.31427 37,2072 L
Miltiple Pesponse Predictlon
Wariable Betting
kadar turho  yesst  11.6563
wsktu Cermentasi 5.31427
Response Fit E Fit 5% I 5% PT
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Fig. 10. Graph of Alcohol Content Optimization
Results

5. Conclusion

[The hydrolysis process is known that the
glucose content in the raw material of wheat flour
liquid waste by 11 (% v/v).‘ Limbah cair tepung
terigu diproses hidrolisis menggunakan H2SO4
menghasilkan glukosa 11% dalam bentuk filtrat,
Dari filtrat tersebut dilakukan proses fermentasi
menggunakan variable turbo yeast 48 dan waktu
fermentasi menghasilkan kadar bioethanol 37%.
This work presents the optimum condition to
obtain a high ethanol concentration (37% (v/v))
was 10 % turbo yeast with fermentation time until
it reached a constant state was 5 days. W
yeast-content-and-lasts-on-day-5-which-produces
results—with—By using Response  Surface
Methodology (RSM) using Minitab 17 application,
the optimum results acquired were 11.6569 (% v/v)
turbo yeast and fermentation time of 5 days
resulted in a bioethanol content of 37.2073 (%

v/v).Response-SurfaceMethodology{RSM)}—using
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Abstract. Fermentation is the process of the formation of ethanol from glucose by using enzymes. Bamboo is one of the
materials containing glucose is high enough, that is previously done hydrolysis in advance. Bamboo used when the
hydrolysis process of bamboo that does not include lignin and the pentose done process of pretreatment and not
lignification. The purpose of this research is to produce ethanol as a raw material substitution of bioethanol, knowing
pentose and dirt left in the bamboo. Therefore, need to be studied in the future, with the best process, that we used biological
processes that can optimize the production of ethanol. The use of the enzyme (Saccharomyces Cerevisiae and Zymomonas
Mobilis) is also significant because of the optimum enzyme conditions. Temperature, pH, and the yeast with optimal
conditions when it can raise the level of his work. The fermentation process at temperature 25 C and 45 C, the filtrate is
500 ml solution of bamboo and the stirring speed of 200 rpm. The variable composed enzyme with a ratio (v/v) of 0.25 to
0.75. Resulting from the fermentation processed can produce ethanol with a yield 30.5% and 36% of the weight of the
bamboo. The result of the process of fermentation obtained bioethanol with low ethanol yield of 10-15%, which requires

the flash distillation process to obtain yield bioethanol technical 90-95%.

1. Introduction

Biomass from plants has declared as an alternative raw material for gasoline fuel substitution in the form
of bioethanol, bioethanol obtained from biomass and bioenergy crops has proclaimed as one of the feasible
alternatives as gasoline fuel [1]. Sustainable bioethanol from rice straw [2]. Ethanol production from
lignocellulose by hydrolysis process chemically or enzymatically, first conducted the process of pretreatment,
the next process is the process of fermentation and distillation process. Pretreatment processes, the most
important is to remove the lignin and pentosan, which can dissuade lignin and pentosan skarifikasi process.
Various approaches have been performed earlier as pretreatment pretreatment in acids, bases, ammonia, sodium
chlorite, and biological [3].

The research conducted to evaluate acid pretreatment from hydroxide paper waste as material for
bioethanol production, optimized sulfuric acid hydrolysis, fermentation process of hydroxide acid of paper
waste by using Pichia Stipites. The ethanol content obtained at 77.54%. By one more distillation process, the
ethanol content received at the level of 95-96% [4]. Chemical pretreatment of lignocellulose biomass with
Sulphur (H.S0.) and phosphorus (HsPO.) acids used since they are relatively cheap and efficient in hydrolyzing
lignocellulose, though the letter gives a milder effect and is more benign to the environment. Hydrochloric (HCI)
acid is more volatile and more natural to recover and attacks biomass better than H,SO4 [5]. Similarly, nitric
acid (HNOs;) possesses good cellulose to sugar conversion rates [6]. However, both acids are expensive
compared to Sulphur acid. Pretreatment of lignocellulose has received considerable research globally due to its
affluence on the technical, economic and environmental sustainability of cellulose ethanol production. These
paper reviews know, and emerging chemical pretreatment methods, the combination of chemical pretreatment
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with other ways to improve carbohydrate preservation reduce formation to degradation product, achieve high
sugar yield at mild reaction conditions, reduce solvent loads and enzyme dose, reduce waste generation [7].
Technical and economic evaluation of bioethanol production from lignocellulose residues, a case of sugarcane
and blue agave bagasse [8].

Initiatives of the future for lignin in biomass to bioethanol, pretreatment technologies to separate the main
tree biopolymers (cellulose, hemicellulose, and lignin) [9]. Pretreatment for hydrogen and bioethanol production
from olive oil waste products was ethanol yield 5.4 % treatment with 1.75 w/v Sulphur acid and heated it at 140
0C for 10 min, and was ethanol yield 5.0 % no pretreatment [10]. Pretreatment followed with simultaneous
scarification and fermentation on bioconversion of microcrystalline cellulose for bioethanol production, the
yield value of 67 % bioethanol bioconversion [11]. A sustainable feedstock bioethanol production, cellulose
hydrolysis was microwave irradiation using hydrochloric acid as catalyst, fermentation with yeast
(Saccharomyces cerevisiae), modest reaction conditions (2.38 M acid concentration), irradiation time 7 min,
and yield of 0,67 g glucose / g cellulose [12]. Elements contained in the lignocellulose biomass of the plants are
usually used lignocellulose biomass, a potential for bioethanol production globally. Agriculture (softwood),
forestry (pretreatment method obtained ethanol content below 16%.

Pretreatment with dilute acid (sulfuric acid) eliminating the hemicellulose components and increase the
sugar. Pretreatment method of sulfuric acid has long been recognized as an important step towards eliminating
the hemicellulose fraction of lignocellulose substrates, and save the conversion of cellulosic biomass [20]. The
research conducted by [21] about ethanol production from sago pith waste (SPW) using microwave
hydrothermal hydrolysis catalyzed by carbon dioxide, resulted in higher energy saving compared to previous
techniques in the absence of enzymes, acid or base catalyst. They obtained ethanol content below 15.6%. The
production of bioethanol from lignocellulosic biomass through the different process steps, such as pretreatment,
hydrolysis, fermentation, distillation and [26]. Ethanol production from lignocellulosic technologies largely
determined by hydrolysis and pretreatment, whether chemical or biological [27].

Ethanol from the liquid waste of rise flour using fermentation by Saccharomyces, a maximum of 23.8%
glucose and 40.5% ethanol yield, the developed technique for liquid waste of rise flour resulted in higher energy
saving compared to the previous method in the absence of enzymes, acid or base catalyst [28]. hardwood), and
industrial waste are a significant lignocellulose biomass for bioethanol production. The lignocellulose biomass
is one of the potential main sources for economic bioethanol production globally. Agricultural, forestry (soft
and hardwoods) and industrial wastes are the major lignocellulose biomasses [13]. The bioethanol production
from lignocellulose biomass using process pretreatment, hydrolysis, fermentation, and recovery of ethanol, was
obtained by ethanol under 16% v/v, with the distillation process will again be derived ethanol 95-96% v/v. The
research conducted bioethanol production from lignocellulose biomass by using the pretreatment process,
hydrolysis, fermentation, and ethanol recovery. Therefore, ethanol content obtained in the level below 16%, and
by one more distillation process the ethanol content would receive at the level of 95-96% v/v [18].

The research conducted by [19] about bioethanol production from agricultural waste using PROFER
Cellulosic or second generation (SG) bioethanol produced from lignocellulosic biomass (LB) in three main
steps: pretreatment, hydrolysis, and fermentation. Pretreatment involves the use of physical processes, chemical
methods, physic-chemical processes, biological methods, and several combinations thereof to fractionate the
lignocellulose into its components. It results in the disruption of lignin seal to increase enzyme access to holo-
cellulose [29, 30], reduction of cellulose crystallinity [31, 32], an increase in the surface area [33, 34] and
porosity [35, 36] of pretreated substrates, resulting in increased hydrolysis rate. In hydrolysis, cellulose and
hemicelluloses are broken down into monomeric sugars via the addition of acids or enzymes such as cellulose.
Enzymatic hydrolysis offers advantages over acids such as low energy consumption due to the mild process
requirement, high sugar yield, and no unwanted wastes. Enzymatic hydrolysis of cellulose affected by properties
of the substrate such as porosity, cellulose fibre crystallinity, and degree of polymerization, as well as lignin
and hemicellulose content [37, 38], optimum mixing [39], substrate and end-product concentration, enzyme
activity, reaction conditions such as pH and temperature [40, 41].

From the previous research, it knows bioethanol from cellulose resulted in good bioethanol. The study
was to search alternative material, review hydrolysis process, fermentation process to gain bioethanol product



with a high level of ethanol. The originality of this research was the second generation that was bulrush, by
using two methods (hydrolysis and fermentation) simultaneously, used two enzymes [Saccharomyces
Cerevisiae (SC) and Zymomonas Mobilis (ZM)], and technical ethanol production with the level of 10-15% as
the technical ethanol.

2. Experimental
The average concentration of cellulose was 48% in bamboo, and glucose was 5 % and impurities.

Bamboo

v

Pre-treatment

v

Delignification process

v

Bacillus S. ;
bl |- Hydrolysis process
Saccharomyces C. L__ Fermentation 5| Glucose
Zymomonas M. T (10-16) %
Bioethanol
(10-15) %

Figure 1. Glucose and bioethanol production flow used fermentation process

The pieces and refined fiber of bamboo with the approximate length of 5 cm and polished thread 200
mesh done to obtain the high level of glucose and cellulose during the hydrolyzed process by Bacillus and H-
Cl. The quality bioethanol product determined by various influencing parameters such as the acidity (pH), the
volume ratio of H-CI to bamboo, the volume ratio of Bacillus Subtitles to the filtrate, the volume ratio of the
enzyme (Saccharomyces C. and Zymomonas M.) to the filtrate, and fermentation time. Laboratory analysis did
the quality analysis of raw materials and bioethanol product. The study conducted on the instrumentation and
gravimetric analysis. Hydrolysis process in Figure 1 done in stable condition: temperature of 30 °C, water
volume in 7 liters, and hydrolysis time in 1 hour with 200 rotations per minute (RPM). For the changing
condition: bamboo weight of 50, 100, 150, 200, 250 (grams), the ratio of bacillus to filtrate volume 1:2; 5:4;
10:7 and H-CI solution volume 10, 20, 30, 40, 50 (ml). The level of glucose in hydrolysis filtrate yield was
analyzed before the fermentation process done previous research [42]. Fermentation process in Figure 1 done
in stable condition: filtrate bamboo ratio of the varies Saccharomyces C. and Zymomonas M.: 5, 9, 13 (% Vv/v),
fermentation time 4, 6, 8, 10, 12 days. Filtrate rate influences the residual glucose levels, obtained maximum
residual glucose levels (1,3 - 3) %, and this is because in the tank hydrolysis reactor and the amount of filtrate
starter Saccharomyces C. and Zymomonas M. in still little so that the fermentation process is not optimal. With
the increasing amount of filtrate hydrolysis and starter Saccharomyces Cerevisiae then the smaller the residual
glucose, because it fermented into ethanol.

2. Results and Discussion
Bamboo using as a study material derived from bamboo crops in the surrounding area. Assessment
method is done, by doing a survey and laboratory analysis to obtain some data about the quality and quantity of



the available bamboo. The expected result was data about the quality and bamboo quantity before processing to
be ethanol. Ethanol forming elements were cellulose and glucose, the concentration of cellulose was 48.1 %,
glucose was 4.8%, and impurities. If the entire cellulose hydrolyzed completely, it will be obtaining the glucose
levels of 53%.

The results of fermentation process with ratio enzyme again filtrate cellulose as:
Table 1. Ethanol level and yield on fermentation process

Ratio Filtrate Fermentation Glucose level Ethanol Level
Sellulose time Fermentation (%) Fermentation (%)
(%Vviv) (day) SC ZM SC ZM
4 482 5.76 105 100
6 530 5.23 11.0 123
5 8 570 5.27 9.0 134
10 5.78 554 125 103
12 581 5.77 11.0 103
4 5.08 5.90 12.0 9.1
6 5.68 5.76 145 132
9 8 7.63 6.03 140 149
10 7.78 6.78 15.0 135
12 7.98 7.91 140 126
4 7.41 6.88 140 130
6 8.35 7.95 145 137
13 8 9.56 8.77 150 145
10 9.87 9.05 145 123
12 9.88 9.35 13.0 128

The pieces and refined fiber of bamboo with an approximate length of 5 cm and polished thread 200
mesh were done to obtain the high levels of glucose and cellulose before it hydrolyzed by Bacillus and H-CI
solution. Bamboo should be made in powder form so that cellulose hydrolyzed perfectly. However, that process
took a higher cost. Besides, bulrush in the powder form could suffer the physical destruction, thus causing the
damage of the glucose group. The drying process of bulrush was naturally done first in the room temperature.
The drying process was done in an oven at 1000C for 3 hours. These done for cost savings. The drying process
aimed to reduce the water content in ethanol. The water level that was permitted by Standart National Indonesia
(SNI) was 1%. The decreasing of pH from pretreatment material was affected by the addition of H-CI volume
7%v/v because the requiring pH for fermentation process was 4,5. Before doing the hydrolysis process, the pH
of filtrate measured according to the terms of the fermentation process that is approximately 4.5. To obtain pH
4.5, the addition of Na-OH done if the pH of the filtrate was under 4.5 and the addition of citric acid if the filtrate
pH was above 4.5. Filtrate rate influences the residual glucose levels, for a number of starter Saccharomyces C.
5, 9, and 13% v/v, obtained maximum residual glucose levels (1,3 - 3) %, this is because in the tank hydrolysis
reactor and the amount of filtrate starter Saccharomyces C. still little, so that the fermentation process is not
optimal. With the increasing amount of filtrate hydrolysis and starter Saccharomyces C. then the smaller the
residual glucose, because it fermented into ethanol.
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Figure 2. Effect Saccharomyces volume on the remaining ethanol contain

After analysis glucose levels in the rest of the fermentation process, with the addition of Saccharomyces
C. 7 % of the volume of fluid (filtrate) showed small residual glucose levels compared to the addition of starter
5, 11 and 13 %. These are because the preliminary research has been conducted by following the Journal and
the acquisition of 7% of the fluid volume. Filtrate rate influences the residual glucose levels, for a number of
starter Saccharomyces C. 5, 9, and 13%, obtained maximum residual glucose levels (1.5-10) %, this was due to
the amount in the tank reactor filtrate hydrolysis and starter Saccharomyces C. still little, so that the fermentation
process is not optimal. With the increasing amount of filtrate hydrolysis and starter Saccharomyces C. then the
smaller the residual glucose, because it fermented into ethanol.

5. Conclusion

Fermentation process from bamboo to bioethanol, glucose levels obtained in the fermentation process as (5-10)
% for filtrate cellulose, levels of ethanol in the fermentation process equal 10 until 15 %. The Saccharomyces
C. had higher glucose and bioethanol levels results of Zymomonas M., but durability Zymomonas M. stronger
in a fermentation process.
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0,98 % :

Sulfuric acids (H2SO4) and phosphorus (H3zPO,) acids are commonly used in the chemical pretreatment
of lignocellulose biomass since they are relatively efficient in hydrolyzing lignocellulose. Meanwhile,
hydrochloric acid (HCI) is more volatile and more natural to recover and attacks biomass better than
H>SO, [5]. Similarly, nitric acid (HNO3) possesses good cellulose to sugar conversion rates [6].

Simple:

Sulfuric acids (H.SO.) and phosphorus (HsPO.) acids are typically used withinside the chemical
pretreatment of lignocellulose biomass given that they're relatively green in hydrolyzing
lignocellulose. Meanwhile, hydrochloric acid (HCI) is extra unstable and extra herbal to get better
and assaults biomass higher than H,SO, [5]. Similarly, nitric acid (HNO;) possesses right cellulose
to sugar conversion rates [6].

Advance:

Sulfuric acids (H.SO,) and phosphorus (H;PO.,) acids are normally utilized in the chemical
pretreatment of lignocellulose biomass since comparatively efficient in hydrolyzing
lignocellulose. Meanwhile, acid (HCI) is more volatile and additional natural to recover and attacks
biomass higher than H,SO, [5]. Similarly, aqua fortis (HNO,) possesses polysaccharide to
sugar conversion rates [6].

Fluency:

Sulfuric acids (H2S04) and phosphorus (H3PO4) are commonly used in the chemical pretreatment
of lignocellulosic biomass because they are relatively efficient in hydrolyzing lignocellulose. In the
meantime, hydrochloric acid (HCI) is more volatile and natural to recover and attack biomass better
than H2SO4 [5]. Similarly, nitric acid (HNO3) has good conversion rates from cellulose to sugar

[6].

Creative:

Sulfuric acid (H2S04) and phosphorus (H3PO4) are commonly used in the chemical pretreatment of
lignocellulosic biomass because they are relatively effective in hydrolyzing lignocellulose. At the
same time, hydrochloric acid (HCI) is more volatile than H2SO04, easier to recycle, and better to
decompose biomass [5]. The conversion rate of nitric acid (HNO3) from cellulose to sugar is
also very high [6].

1,03%:

A sustainable feedstock bioethanol production, cellulose hydrolysis was microwave irradiation using
hydrochloric acid as catalyst, fermentation with yeast (Saccharomyces cerevisiae), modest reaction
conditions (2.38 M acid concentration), irradiation time 7 min, and yield of 0.67 g glucose/g cellulose
[12]. Every plant containing biomass of lignocellulose has a potential for bioethanol production. Raw
materials from agriculture (softwood) and forestry have the biomass potential to produce ethanol with a
concentration of less than 16%.

Simple:

A sustainable feedstock bioethanol production, cellulose hydrolysis was microwave irradiation the
use of hydrochloric acid as catalyst, fermentation with yeast (Saccharomyces cerevisiae), modest
response conditions (2.38 M acid awareness), irradiation time 7 min, and yield of 0.sixty seven g
glucose/g cellulose [12]. Every plant containing biomass of lignocellulose has a capacity for
bioethanol production. Raw substances from agriculture (softwood) and forestry have the biomass
capacity to produce ethanol with a awareness of much less than 16%.



Advance:
A property feedstock bioethanol production, polyose was microwave irradiation

acid as catalyst, fermentation with yeast (Saccharomyces cerevisiae), modest
reaction conditions (2.38 M acid concentration), irradiation time seven min, and yield of 0.67 g
glucose/g cellulose [12]. Every plant containing biomass of lignocellulose has a potential for
bioethanol production. Raw materials from agriculture (softwood) and biology have the biomass
potential ethanol with a amount of 16%.

Fluency:

Sustainable production of bioethanol as a raw material, cellulose hydrolysis consisted of
microwave irradiation with hydrochloric acid as a catalyst, fermentation with yeast
(Saccharomyces cerevisiae), moderate reaction conditions (concentration of 2.38 Macid),
irradiation time of 7 min and a yield of 0.67 g glucose / g Cellulose [12]. Plants containing
lignocellulosic biomass have potential for bioethanol production.Agriculture and forestry have the
biomass potential to produce ethanol with a concentration of less than 16%.

Creative:

Sustainable production of bioethanol as a raw material, cellulose hydrolysis includes the
following steps: microwave irradiation with hydrochloric acid as a catalyst, fermentation with
yeast (Saccharomyces cerevisiae), moderate reaction conditions (concentration of 2.38 Macid),
irradiation time of 7 minutes and production of 0.67 g glucose/g cellulose [12]. Plants containing
lignocellulosic biomass can produce bioethanol.Agriculture and forestry have biomass potential
for ethanol production with a concentration of less than 16%.

0,72%:

The research conducted by [21] regarding ethanol production from sago pith waste using microwave
hydrothermal hydrolysis catalyzed by carbon dioxide resulted in a higher energy saving compared to
previous techniques in the absence of enzymes, acid, and base catalyst. They obtained ethanol content
below 15.6%.

Simple:

The studies performed via way of means of [21] concerning ethanol manufacturing from sago
pith waste the usage of microwave hydrothermal hydrolysis catalyzed via way of means of carbon
dioxide resulted in a better power saving in comparison to preceding strategies withinside the
absence of enzymes, acid, and base catalyst. They acquired ethanol content material underneath
15.6%.

Advance:

The research conducted by [21] concerning plant product production from pith waste using
microwave hydrothermal chemical reaction catalyzed by greenhouse emission resulted in a
higher energy saving compared to previous techniques within the absence of enzymes, acid, and
base catalyst. They obtained plant product content below 15.6%.

Fluency:

Investigations by [21] on the production of ethanol from sago marrow waste using carbon
dioxide-catalyzed hydrothermal microwave hydrolysis resulted in greater energy savings
compared to earlier techniques without enzymes, acid and basic catalyst. They received an
ethanol content below 15.6%.
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Compared with previous methods without enzymes, acid and base catalysts, the use of
carbon dioxide-catalyzed hydrothermal microwave hydrolysis to produce ethanol from sago
core waste [21] saves more energy. Their ethanol content is less than 15.6%.

0,69 % :

Waste from hardwood industries, agricultural, forestry (soft and hardwoods), and industrial wastes contain
the major lignocellulose biomasses which have the potential to be main sources for economic bioethanol
production [13]. The bioethanol production from lignocellulose biomass by using pretreatment, hydrolysis,
fermentation, and recovery of ethanol resulted in ethanol less than 16% v/v. Meanwhile, by the distillation
process, the obtained ethanol would be 95%-96% v/v. [18].

Simple:

Waste from hardwood industries, agricultural, forestry (smooth and hardwoods), and commercial
wastes contain the important lignocellulose biomasses that have the capability to be most
important sources for monetary bioethanol production [13]. The bioethanol production from
lignocellulose biomass with the aid of using the usage of pretreatment, hydrolysis, fermentation,
and healing of ethanol ended in ethanol much less than 16% v/v. Meanwhile, with the aid of
using the distillation process, the acquired ethanol could be 95%—-96% v/v. [18].

Advance:

Waste from hardwood industries, agricultural, biology (soft and hardwoods), and industrial wastes

contain the major lignocellulose biomasses that have the potential to be main sources for economic

bioethanol production [13]. The bioethanol production from lignocellulose biomass by

pretreatment, hydrolysis, fermentation, and recovery of resulted in ethanol
16% v/v. Meanwhile, by the distillation process, the obtained would

be 95%-96% v/v. [18].

Fluency:

Wastes from the hardwood, agricultural, forestry (soft and hardwood) and industrial industries
contain the main lignocellulosic biomasses that have the potential to be major sources for the
economical production of bioethanol. [13] The production of bioethanol from lignocellulosic
biomass by pretreatment and hydrolysis The fermentation and recovery of ethanol resulted in
ethanol of less than 16% v / v. Meanwhile, through the distillation process, the ethanol obtained
would be 95% to 96% v / v. [18].

Creative:

Hardwood, agriculture and forestry (softwood and hardwood), and industrial waste contain
important lignocellulosic biomass and may be the main source of economically produced
bioethanol. [13] Bioethanol is produced from lignocellulosic biomass through pretreatment,
hydrolysis, fermentation and separation. Ethanol results in an ethanol content of less than 16%
(volume). In the distillation process, the ethanol obtained is 95 to 96% by volume. / Over. [18].



3.4 %:

The research conducted by [19] regarding bioethanol production from agricultural waste using
PROFER Cellulosic or second-generation bioethanol produced from LB involved three main steps, namely,
pretreatment, hydrolysis, and fermentation. Pretreatment involves the use of physical processes, chemical
process, physicochemical processes, biological process, and several combinations thereof to fractionate the
lignocellulose into its components. It will lead to the disruption of lignin seal to increase enzyme access to
cellulose [29, 30], reduction of cellulose crystallinity [31, 32], an increase in the surface area [33, 34] and
porosity [35, 36] of pretreated substrates, resulting in increased hydrolysis rate. In hydrolysis, cellulose and
hemicelluloses are broken down into monomeric sugars via the addition of acids or enzymes such as
cellulose. Enzymatic hydrolysis offers advantages over acids, such as low energy consumption due to the
mild process requirement, high sugar yield, and no unwanted wastes. Enzymatic hydrolysis of cellulose is
affected by properties of the substrate, such as porosity, cellulose fiber crystallinity, and degree of
polymerization, as well as lignin and hemicellulose content [37, 38], optimum mixing [39], substrate and
end product concentration, enzyme activity, and reaction conditions such as pH and temperature [40, 41].

Simple:

The research performed by [19] concerning bioethanol manufacturing from agricultural waste
using PROFER Cellulosic or second-era bioethanol created from LB concerned three important
steps, namely, pretreatment, hydrolysis, and fermentation. Pretreatment entails using bodily
processes, chemical method, physicochemical processes, organic method, and numerous
mixtures thereof to fractionate the lignocellulose into its components. It will cause the disruption of
lignin seal to boom enzyme get entry to to cellulose [29, 30], discount of cellulose crystallinity [31,
32], an boom withinside the floor area [33, 34] and porosity [35, 36] of pretreated substrates,
ensuing in extended hydrolysis rate. In hydrolysis, cellulose and hemicelluloses are damaged
down into monomeric sugars thru the addition of acids or enzymes including cellulose. Enzymatic
hydrolysis gives blessings over acids, including low energy intake because of the slight method
requirement, excessive sugar yield, and no undesirable wastes. Enzymatic hydrolysis of cellulose
is suffering from houses of the substrate, including porosity, cellulose fiber crystallinity, and
diploma of polymerization, in addition to lignin and hemicellulose content [37, 38], optimum mixing
[39], substrate and stop product concentration, enzyme activity, and reaction situations including
pH and temperature [40, 41].

Advance:
The analysis conducted by [19] concerning bioethanol production from agricultural waste
victimisation PROFER or second-generation bioethanol made from

concerned 3 main steps, namely, pretreatment, hydrolysis, and fermentation. Pretreatment involves

of physical processes, chemical process, chemical science processes, biological
process, mixtures to fractionate the lignocellulose into its components.
it'll the disruption of lignin seal protein access to polysaccharide [29, 30],
reduction of cellulose crystallinity [31, 32], arise within the [33, 34] and porosity [35, 36]
of pretreated substrates, leading to enlarged reaction rate. In hydrolysis, polysaccharide and
hemicelluloses are into monomeric sugars via the addition of acids or enzymes
corresponding to cellulose. Enzymatic reaction offers over acids, corresponding to
low energy consumption because of the method requirement, high sugar yield, and no
unwanted wastes. catalyst reaction of polysaccharide is properties of the substrate,
corresponding to porosity, polysaccharide fiber crystallinity, and degree of polymerization, further
as and hemicellulose content [37, 38], optimum mixing [39], substrate and ending
concentration, protein activity, and reaction conditions corresponding to pH and temperature [40,
41].



Fluency:

The investigations carried out by [19] on the production of bioethanol from agricultural
residues using PROFER Cellulosic or second generation bioethanol from LB comprised three
main steps: pretreatment, hydrolysis and fermentation. Pretreatment involves the use of physical
processes, chemical processes, physico-chemical processes, biological processes, and
various combinations thereof to fractionate lignocellulose into its constituents. It will break down
the lignin seal in order to improve the enzyme's access to cellulose [29, 30], reduction ofCellulose
crystallinity [31, 32], an increase in the surface [33, 34] and the porosity [35, 36] of the pretreated
substrates, which leads to increased hydrolysis. During hydrolysis, cellulose and hemicelluloses
are broken down into intomonomic sugars by adding acids or enzymes such as cellulose.
Enzymatic hydrolysis offers advantages over acids, such as low energy consumption due to the
requirement of the gentle process, sugar with high yield and undesired waste. Enzymatic The
hydrolysis of cellulose is influenced by substrate properties such as porosity, crystallinity of the
cellulose fiber and the degree of cellulosePolymerization as well as lignin and hemicellulose
content [37, 38], optimal mixing [39], concentration of substrate and end product, enzymatic
activity and reaction conditions such as pH value and temperature [40, 41].

Creative:

Research on the production of bioethanol from agricultural residues using PROFER cellulose or
LB second-generation bioethanol [19] includes three main steps: pretreatment, hydrolysis and
fermentation. Pretreatment involves the use of physical processes, chemical processes,
physicochemical processes, biological processes, and various combinations thereof to separate
lignocellulose into its components. This will lead to the destruction of lignin fillers, thereby
improving the absorption of cellulose by enzymes [29, 30], thereby reducing the content of
lignin.The crystallinity of cellulose [31, 32], the increase in surface area [33, 34] and the
pretreatment of porosity [35, 36] increase the hydrolyzed substrate. In the hydrolysis process,
cellulose and hemicellulose are broken down into monomeric sugars by adding acids or enzymes
(such as cellulose). Enzymatic hydrolysis has advantages over acid, such as mild process
requirements, low energy consumption, high sugar yield and poor waste. The hydrolysis of
cellulose depends on the characteristics of the matrix, such as porosity, crystallinity and grade
of cellulose fibersThe polymerization and content of lignin and hemicellulose [37, 38], optimal
mixing [39], substrate and final product concentration, enzyme activity and reaction conditions,
such as pH and temperature [40, 41].

0,65 % :
Fig. 10. Graph of alcohol content optimization results

This work was successful in obtaining bioethanol from the waste of wheat flour. The liquid waste of wheat
flour was hydrolyzed by using H.SOa, producing 11% glucose in a form of the filtrate. This filtrate was
fermented with Turbo yeast in various concentrations and fermentation times, producing optimum
bioethanol of 37%. This work presents the optimum condition to obtain a high ethanol concentration (37%
(v/v)), which was 10% Turbo yeast with fermentation time of 5 days. Modeling with RSM using Minitab
17 application shows the optimum results acquired were 11.66 (% v/v) Turbo yeast, and fermentation time
of 5 days resulted in a bioethanol content of 37.21% (v/v).
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Abstract. Fermentation is the process of the formation of ethanol from glucose by using
enzymes. Bamhoo is one of the materials containing glucose is high enough, that is previously
done hydrolysis in advance. Bamboo used when the hydrolysis process of bamboo that does not
include lignin and the pentose done process of pretreatment and not lignification. The purpose
of this rescarch is to produce cthanol as a raw material substitution of biocthanol. knowing
pentose and dirt left in the bamboo. Therefore. need to be studied in the future, with the best
process, that we used biological processes that can optimize the production of ethanol. The use
of the enzyme (Saccharomyces Cerevisiae and Zymomonas Mobilis) is also significant because
of the optimum enzyme conditions. Temperature, pH. and the yeast with optimal conditions
when it can raise the level of his work. The fermentation process at temperature 25 C and 45 C,
the filtrate 1s 500 ml solution of bamboo and the stiring speed of 200 rpm. The variable
composed enzyme with a ratio (v/v) of 0.25 to 0.75. Resulting from the fermentation processed
can produce ethanol with a yield 30.5% and 36% of the weight of the bamboo. The result of the
process of fermentation obtained bioethanol with low ethanol yield of 10-15%, which requires
the flash distillation process to obtain yield bioethanol technical 90-95%.

1. Introduction

Biomass from pldEls has declared as an alternative raw material for gasoline fuel substitution in
the form of bioethanol, bioethanol obtained from biomass and bioenergy crops has proclaimed asf@he
of the feasible alternatives as gasoline fuel [1]. Sustainable bioethanol from rice straw [2]. The
technology for lignocellulose ethanol production relies mainly on pre-treatment, chemical or enzymatic
hydrolysis, fermentation and product separation or distillation. An appropriate pretreatment strategy is
essential for the efticient enzyme hydrolysis of lignocellulose biomass as lignin hinders the scarification
process. Various pretreatment approaches have exploited in the past such as acid or alkali pretreatment,
hydrogen peroxide pretreatment, steam explosion, liquid hot water, ammonia fiber expansion
pretreatment, sodium chlorite pretreatment, and biological pretreatment [3].

The research conducted to evaluate acid pretreatment from hydroxide paper waste as material for
bioethanol production, optimized sulfuric acid hydrolysis, fermentation process of hydroxide acid of
paper waste by using Pichia Stipites. The ethanol content obtained at 77.54%. By one more distillation
process, the ethanol content received at the level of 95-96% [4]. Chemical pretreatment of lignocellulose
biomass with Sulphur (H2804) and phosphorus (H3POu) acids used since they are relatively cheap and
efficient in hydrolyzing lignocellulose, though the letter gives a milder effect and is more benign to the




environment. Hydrochloric (HCI) acid is more volatile and more natural to recover and attacks biomass
better than H2SO4 [5]. Similarly, nitric acid (HNOs) possesses good cellulose to sugar conversion rates
[6]. However, both acids are expensive compared to Sulphur acid. Pretreatment of lignocellulose has
received considerable research globally due to its affluence on the technical, economic and
environmental sustainability of cellulose ethanol production. These paper reviews know, and emerging
chemical pretreatment methods, the combination of chemical pretreatment with other ways to improve
carbohydrate preservation reduce formation to degradation product, achieve high sugar yield at mild
reaction conditions, reduce solvent loads and enzyme dose, reduce waste generation [7]. Technical and
economic¢ evaluation of bicethanol production from lignocellulose residues, a case of sugarcane and
blue agave bagasse [8].

Initiatives of the future for lignin in biomass to bioethanol, pretreatment technologies to separate
the main tree biopolymers (cellulose, hemicellulose, and lignin) [9]. Pretreatment for hydrogen and
bioethanol production from olive o1l waste products was ethanol yield 5.4 % treatment with 1.75 w/v
Sulphur acid and heated it at 140 0C for 10 min, and was ethanol yield 5.0 % no pretreatment [10].
Pretreatment followed with simultaneous scarification and fermentation on bioconversion of
microcrystalline cellulose for bioethanol production, the yield value of 67 % bioethanol bioconversion
[11]. A sustainable feedstock bioethanol production, cellulose hydrolysis was microwave irradiation
using hydrochloric acid as catalyst, fermentation with veast (Saccharomyces cerevisiae). modest
reaction conditions (2.38 M acid concentration), irradiation time 7 min. and yield of 0,67 g glucose / g
cellulose [12]. Elements contained in the lignocellulose biomass of the plants are usually used
lignocellulose biomass, a potential for bioethanol production globally. Agriculture (softwood), forestry
(pretrdZlment method obtained ethanol content below 16%.

The purpose of dilute acid pretreatment is the removal of hemicelluloses and the recovery of the

sugar component. Among all pretreatment methods, the acid pretreatment methods of biomass with
dilute sulfuric acid has long recognized as a critical step of removing the hemicellulose fraction from
the lignocellulose substrate to economize the biological conversion of cellulosic biomass to ethanol [20].
The research conducted by [21] about ethanol production from sago pith waste (SPW) using microwave
hydrothermal hydrolysis catalyzed by carbon dioxide, resulted in higher energy saving compared to
previous technfihies in the absence of enzymes, acid or base catalyst. They obtained ethanol content
below 15.6%. Bioethanol production from lignocellulosic biomafl involves different step such as
pretreatment. hydrolysis, fermentation and ethanol recovery [26]. The technology for lignocellulosic
ethanol production relies mainly on pre-treatment, chemical or enzymatic hydrolysis, fermentation and
product separation or distillation. An appropriate pretreatment strategy is essential for the efficient
enzyme hydrolysis of lignocellulosic biomass as lignin hinders the saccharification process. Various
pre-treatment approaches exploited in the past such as acid or alkali pretreatment, hydrogen peroxide
pretrefflinent. steam explosion, liquid hot water, ammonia fiber expansion pretreatment [27].
B  Bioethanol production from the liquid waste of rise flour using fermentation by Saccharomyces,
a mafinum of 23.8% glucose and 40.5% ethanol yield, the developed technique for liquid waste of rise
flour resulted in higher energy saving compared to the previous method in the absence of enzymes, acid
or base catalyst [28]. hardwood), and indfhtrial waste are a significant lignocellulose biomass for
bioethanol production. The lignocellulose biomass 1s one of the potential main sources for economic
bioethanol production globally. Agricultural, forestry (soft and hardwoods) and industriaffvastes are the
major lignocellulose biomasses [13]. The bioethanol production from lignocellulose biomass using
process pretreatment, hydrolysis, fermentation, and recovery of ethanol, was obtained by ethanol under
16% v/v, with the distillation process will again be derived ethanol 95-96% v/v. The 1‘eseamlﬂ0nducted
bioethanol production from lignocellulose biomass by using the pretreatment process, hydrolysis,
fermentation, and ethanol recovery. Therefore, ethanol content obtained in the level below 16%, and by
one more distillation process the ethanol content would receive at the level of 95-96% v/v [18].

The research conducted by [19] about bioethanol production from agricultural waste using
PROFER Cellulosic or second generation (SG) bioethanol produced from lignocellulosic biomass (LB)
in three main steps: pretreatment, hydrolysis, and fermentation. Pretreatment involves the use of physical




processes, chemical methods. physic-chemical processes. biological methods, and several combinations
thereof to fractionate the lignocellulose mio its components. It results m the disruption of lignin seal to
mmerease enzyme access to holo-cellulose [29, 30], reduction of cellulose crystallinity [31, 32], an
mncrease in the surface area [33. 34] and porosity [35, 36] of pretreated substrates, resulting in increased
hydrolysis rate. In hydrolysis, cellulose and hemicelluloses are broken down into monomeric sugars via
the addition of acids or enzymes such as cellulose. Enzymatic hydrolysis offers advantages over acids
such as low energy consumption due to the mild process requirement, high sugar yield, and no unwanted
wastes. Enzymatic hydrolysis of cellulose affected by properties of the substrate such as porosity,
cellulose fibre crystallinity, and degree of polymerization, as well as lignin and hemicellulose content
[37. 38], optimum mixing [39], substrate and end-product concentration, enzyme activity, reaction
conditions such as pH and temperature [40, 41].

From the previous research, it knows bioethanol from cellulose resulted in good bioethanol. The
study was to search alternative material, review hydrolysis process. fermentation process to gain
bioethanol product with a high level of ethanol. The originality of this research was the second
generation that was bulrush, by using two methods (hydrolysis and fermentation) simultaneously, used
two enzymes | Saccharomyces Cerevisiae (SC) and Zymomonas Mobilis (ZIM)], and technical ethanol
production with the level of 10-15% as the technical ethanol.

2. ExfBrimental

From the result of laboratory analysis. it known ethanol forming elements were cellulose, glucose.
and impurities. The average concentration of cellulose was 48% in bamboo, and glucose was 5 % and
impurities.

Bamboo

y

Pre-treatment

v

Delignification process

v

----4 Hydrolysis process

Bacillus S.

H-CL
v
Saccharomyces C. | __ Feinientition || Glucose
Zymomonas V. T (10-16) %
Bioethanol

(10-15) %

Figure 1. Glucose and bioethanol production flow used fermentation process

The pieces and refined fiber of bamboo with the approximate length of 5 em and polished thread
200 mesh done to obtain the high level of glucose and cellulose during the hydrolyzed process by
Baeillus and H-Cl. The quality bioethanol product determined by various influencing parameters such
as the acidity (pH), the volume ratio of H-C1 to bamboo, the volume ratio of Bacillus Subtitles to the
filtrate, the volume ratio of the enzyme (Saccharomyces C. and Zymomonas M.) to the filtrate. and
fermentation time. Laboratory analysis did the quality analysis of raw mateffBls and bioethanol product.
The study conducted on the instrumentation and gravimetric analysis by using Gas Chromatography




(GC) and Spectrophotometer, which analyzed items were the concentration of bamboo, glucose. ethanol.
H-C1. and impurities.

HydgBlysis process in Figure 1 done in stable condition: temperature of 30 C, water volume in 7
liters, and hydrolysis time in 1 hour with 200 rotations per minute (RPM). For the changing condition:
bamboo weight of 50, 100, 150, 200, 250 (grams), the ratio of bacillus to filtrate volume 1:2; 5:4; 10:7
and H-Cl solution volume 10, 20, 30, 40, 50 (ml). The level of glucose in hydrolysis filtrate yield was
analyzed before the fermentation process done previous research [42]. Fermentation process in Figure
1 done in stable condition: filtrate bamboo ratio of the varies Saccharomyces C. and Zymomonas M.: 5,
9. 13 (% v/v). fermentation time 4, 6, 8. 10, 12 days. Filtrate rate influences the residual glucose levels,
obtained maximum residual glucose levels (1.3 - 3) %, and this is because in the tank hydrolysis rea@®r
and the amount of filtrate starter Saccharomyces C. and Zymomonas M. in stll little so that the
fermentation process is not optumal. With the increasing amount of filtrate hydrolysis and starter
Saecharomyces Cerevisiae then the smaller the residual glucose, because it fermented into ethanol.

2. Results and Discussion

Bamboo using as a study material derived from bamboo crops in the surrounding area.
Assessment method 1s done, by doing a survey and laboratory analysis to obtain some data about the
quality and quantity of the available bamboo. The exffcted result was data about the quality and bamboo
quantity before processing to be ethanol. Based on the results of laboratory analysis. it is known, that
ethanol forming elements were cellulose and glucose. The average concentration of cellulose was 48.1
%, glucose was 4.8%, and impurities. If the entire cellulose hydrolyzed completely, it will be obtaining
the glucose levels of 53%.

The results of fermentation process with ratio enzyme again filtrate cellulose as:
Table 1. Ethanol level and yield on fermentation process

Ratio Filtrate  Fermentation Glucose level Fthanol Level
Sellulose time Fermentation (%) Fermentation (%)

(Yov/v) (day) S5C ZM SC  ZM

4 482 576 10.5 10.0

[§) 530 523 11.0 12.3

5 3 570 527 9.0 13.4

10 5.78 554 12.5 10.3

12 581 5.77 11.0 10.3
El 5.08 590 12.0 9.1

[ 5.68 3576 14.5 13.2

9 8 7.63 603 14.0 14.9

10 7.78 678 15.0 13.5

12 7.98 791 14.0 12.6

4 741 688 14.0 13.0

6 830 195 14.5 13.7

13 8 9.56 877 15.0 14.5

10 9.87 9.05 14.5 12.3

12 988 935 13.0 12.8

The pieces and refined fiber of bamboo with an approximate length of 5 cm and polished thread
200 mesh were done to obtain the high levels of glucose and cellulose before it hydrolyzed by Bacillus




and H-Cl solution. Bamboo should be made in powder form so that cellulose hydrolyzed perfectly.
However, that process took a higher cost. Besides, bulrush in the powder form could suffer the physical
destruction, thus causing the damage of the glucose group. The drying process of bulrush was naturally
done first in the room temperature. The drying process was done in an oven at 1000C for 3 hours. These
done for cost savings. The drying process aimed to reduce the water content in ethanol. The water level
that was permitted by Standart Nanal Indonesia (SNI) was 1%. The decreasing of pH from
pretreatment material was affected by the addition of H-CI volume 7%0v/v because the requiring pH for
l'elmentalioﬂrocess was 4.5. Before doing the hydrolysis process, the pH of filtrate measured according
to the terms of the fermentation process that is approximately 4.5. To obtain pH 4.5. the addition of Na-
OH done if the pH of the filtrate was under 4.5 and the addition of citric acid if the filtrate pH was above
E)>. fltrate rate influences the residual glucose levels, for a number of starter Saccharomyces C. 5,9,
and 13% v/v, obtained maximum residual glucose levels (1.3 - 3) %, this is beuse in the tank hydrolysis
reactor and the amount of filtrate starter Saccharomyces C. still Little, so that the fermentation process is
not optimal. With the increasing amount of filtrate hydrolysis and starter Saccharomyces C. then the
smaller the residual glucose, because it fermented into ethanol.
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Figure 2. LEffect Saccharomyces volume on the remaming ethanol contain

After analysis glucose levels in the rest of the fermentatil process, with the addition of
Saccharomyces C. 7 % of the volume of fluid (filtrate) showed small residual glucose levels compared
to the addition of starter 5, 11 and 13 %. These are because the preliminary research has been conducted
by following the Journal and the acquisition of 7% of the fluid volume. Filirate rate influences the
residual glucose levels. for a number of starter Saccharomyces C. 5. 9. and 13%. obtained maximum
residual glucose levels (1.5-10) %, this was§Bue to the amount in the tank reactor filtrate hydrolysis and
starter Saccharomyces C. still little, so that the fermentation process is not optimal. With the increasing
amount of filirate hydrolysis and starter Saccharomyces C. then the smaller the residual glucose, because
it fermented into ethanol.

5. Conclusion

Fermentation process from raw materials (bamboo) to produce bicfhanol, glucose levels obtamed n
the fermentation process as (5-10) % for filtrate cellulose, levels of ethanol in the fermentation process
equal 10 to 15 %. The Saccharomyces C. had higher glucose and bioethanol levels results of
Zymomonas M., but durability Zymomonas M. stronger in a fermentation process.
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Abstract. Fermentation is the process of the formation of ethanol from glucose by using
enzymes. Bamboo is one of the materials containing glucose is high enough, that is previously
done hydrolysis in advance. Bamboo used when the hydrolysis process of bamboo that does not
include lignin and the pentose done process of pretreatment and not lignification. The purpose
of this research is to produce ethanol as a raw material substitution of bioethanol, knowing
pentose and dirt left in the bamboo. Therefore, need to be studied in the future, with the best
process, that we used biological processes that can optimize the production of ethanol. The use
of the enzyme (Saccharomyces Cerevisiae and Zymomonas Mobilis) is also significant because
of the optimum enzyme conditions. Temperature, pH, and the yeast with optimal conditions
when it can raise the level of his work. The fermentation process at temperature 25 C and 45 C,
the filtrate is 500 ml solution of bamboo and the stirring speed of 200 rpm. The variable
composed enzyme with a ratio (v/v) of 0.25 to 0.75. Resulting from the fermentation processed
can produce ethanol with a yield 30.5% and 36% of the weight of the bamboo. The result of the
process of fermentation obtained bioethanol with low ethanol yield of 10-15%, which requires
the flash distillation process to obtain yield bioethanol technical 90-95%.

1. Introduction

Biomass from plants has declared as an alternative raw material for gasoline fuel substitution in
the form of bioethanol, bioethanol obtained from biomass and bioenergy crops has proclaimed as one
of the feasible alternatives as gasoline fuel [1]. Sustainable bioethanol from rice straw [2]. Ethanol
production from lignocellulose by hydrolysis process chemically or enzymatically, first conducted the
process of pretreatment, the next process is the process of fermentation and distillation process.
Pretreatment processes, the most important is to remove the lignin and pentosan, which can dissuade
lignin and pentosan skarifikasi process. Various approaches have been performed earlier as pretreatment
pretreatment in acids, bases, ammonia, sodium chlorite, and biological [3].

The research conducted to evaluate acid pretreatment from hydroxide paper waste as material for
bioethanol production, optimized sulfuric acid hydrolysis, fermentation process of hydroxide acid of
paper waste by using Pichia Stipites. The ethanol content obtained at 77.54%. By one more distillation
process, the ethanol content received at the level of 95-96% [4]. Chemical pretreatment of lignocellulose
biomass with Sulphur (H2SO4) and phosphorus (HsPO4) acids used since they are relatively cheap and
efficient in hydrolyzing lignocellulose, though the letter gives a milder effect and is more benign to the
environment. Hydrochloric (HCI) acid is more volatile and more natural to recover and attacks biomass
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better than H2SO. [5]. Similarly, nitric acid (HNO3) possesses good cellulose to sugar conversion rates
[6]. However, both acids are expensive compared to Sulphur acid. Pretreatment of lignocellulose has
received considerable research globally due to its affluence on the technical, economic and
environmental sustainability of cellulose ethanol production. These paper reviews know, and emerging
chemical pretreatment methods, the combination of chemical pretreatment with other ways to improve
carbohydrate preservation reduce formation to degradation product, achieve high sugar yield at mild
reaction conditions, reduce solvent loads and enzyme dose, reduce waste generation [7]. Technical and
economic evaluation of bioethanol production from lignocellulose residues, a case of sugarcane and
blue agave bagasse [8].

Initiatives of the future for lignin in biomass to bioethanol, pretreatment technologies to separate
the main tree biopolymers (cellulose, hemicellulose, and lignin) [9]. Pretreatment for hydrogen and
bioethanol production from olive oil waste products was ethanol yield 5.4 % treatment with 1.75 wiv
Sulphur acid and heated it at 140 0C for 10 min, and was ethanol yield 5.0 % no pretreatment [10].
Pretreatment followed with simultaneous scarification and fermentation on bioconversion of
microcrystalline cellulose for bioethanol production, the yield value of 67 % bioethanol bioconversion
[11]. A sustainable feedstock bioethanol production, cellulose hydrolysis was microwave irradiation
using hydrochloric acid as catalyst, fermentation with yeast (Saccharomyces cerevisiae), modest
reaction conditions (2.38 M acid concentration), irradiation time 7 min, and yield of 0,67 g glucose / ¢
cellulose [12]. Elements contained in the lignocellulose biomass of the plants are usually used
lignocellulose biomass, a potential for bioethanol production globally. Agriculture (softwood), forestry
(pretreatment method obtained ethanol content below 16%.

Pretreatment with dilute acid (sulfuric acid) eliminating the hemicellulose components and
increase the sugar. Pretreatment method of sulfuric acid has long been recognized as an important step
towards eliminating the hemicellulose fraction of lignocellulose substrates, and save the conversion of
cellulosic biomass [20]. The research conducted by [21] about ethanol production from sago pith waste
(SPW) using microwave hydrothermal hydrolysis catalyzed by carbon dioxide, resulted in higher energy
saving compared to previous techniques in the absence of enzymes, acid or base catalyst. They obtained
ethanol content below 15.6%. The production of bioethanol from lignocellulosic biomass through the
different process steps, such as pretreatment, hydrolysis, fermentation, distillation and [26]. Ethanol
production from lignocellulosic technologies largely determined by hydrolysis and pretreatment,
whether chemical or biological [27].

Ethanol from the liquid waste of rise flour using fermentation by Saccharomyces, a maximum of
23.8% glucose and 40.5% ethanol yield, the developed technique for liquid waste of rise flour resulted
in higher energy saving compared to the previous method in the absence of enzymes, acid or base
catalyst [28]. hardwood), and industrial waste are a significant lignocellulose biomass for bioethanol
production. The lignocellulose biomass is one of the potential main sources for economic bioethanol
production globally. Agricultural, forestry (soft and hardwoods) and industrial wastes are the major
lignocellulose biomasses [13]. The bioethanol production from lignocellulose biomass using process
pretreatment, hydrolysis, fermentation, and recovery of ethanol, was obtained by ethanol under 16%
v/v, with the distillation process will again be derived ethanol 95-96% v/v. The research conducted
bioethanol production from lignocellulose biomass by using the pretreatment process, hydrolysis,
fermentation, and ethanol recovery. Therefore, ethanol content obtained in the level below 16%, and by
one more distillation process the ethanol content would receive at the level of 95-96% v/v [18].

The research conducted by [19] about bioethanol production from agricultural waste using
PROFER Cellulosic or second generation (SG) bioethanol produced from lignocellulosic biomass (LB)
in three main steps: pretreatment, hydrolysis, and fermentation. Pretreatment involves the use of physical
processes, chemical methods, physic-chemical processes, biological methods, and several combinations
thereof to fractionate the lignocellulose into its components. It results in the disruption of lignin seal to
increase enzyme access to holo-cellulose [29, 30], reduction of cellulose crystallinity [31, 32], an
increase in the surface area [33, 34] and porosity [35, 36] of pretreated substrates, resulting in increased
hydrolysis rate. In hydrolysis, cellulose and hemicelluloses are broken down into monomeric sugars via
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the addition of acids or enzymes such as cellulose. Enzymatic hydrolysis offers advantages over acids
such as low energy consumption due to the mild process requirement, high sugar yield, and no unwanted
wastes. Enzymatic hydrolysis of cellulose affected by properties of the substrate such as porosity,
cellulose fibre crystallinity, and degree of polymerization, as well as lignin and hemicellulose content
[37, 38], optimum mixing [39], substrate and end-product concentration, enzyme activity, reaction
conditions such as pH and temperature [40, 41].

From the previous research, it knows bioethanol from cellulose resulted in good bioethanol. The
study was to search alternative material, review hydrolysis process, fermentation process to gain
bioethanol product with a high level of ethanol. The originality of this research was the second
generation that was bulrush, by using two methods (hydrolysis and fermentation) simultaneously, used
two enzymes [Saccharomyces Cerevisiae (SC) and Zymomonas Mobilis (ZM)], and technical ethanol
production with the level of 10-15% as the technical ethanol.

2. Experimental
The average concentration of cellulose was 48% in bamboo, and glucose was 5 % and impurities.

Bamboo

v

Pre-treatment

v

Delignification process

v

Bacillus S. ;
HCL ———- Hydrolyils process
Saccharomyces C. | - Fermentation 5| Glucose
Zymomonas M. T (10-16) %
Bioethanol
(10-15) %

Figure 1. Glucose and bioethanol production flow used fermentation process

The pieces and refined fiber of bamboo with the approximate length of 5 cm and polished thread
200 mesh done to obtain the high level of glucose and cellulose during the hydrolyzed process by
Bacillus and H-CI. The quality bioethanol product determined by various influencing parameters such
as the acidity (pH), the volume ratio of H-CI to bamboo, the volume ratio of Bacillus Subtitles to the
filtrate, the volume ratio of the enzyme (Saccharomyces C. and Zymomonas M.) to the filtrate, and
fermentation time. Laboratory analysis did the quality analysis of raw materials and bioethanol product.
The study conducted on the instrumentation and gravimetric analysis. Hydrolysis process in Figure 1
done in stable condition: temperature of 30 °C, water volume in 7 liters, and hydrolysis time in 1 hour
with 200 rotations per minute (RPM). For the changing condition: bamboo weight of 50, 100, 150, 200,
250 (grams), the ratio of bacillus to filtrate volume 1:2; 5:4; 10:7 and H-ClI solution volume 10, 20, 30,
40, 50 (ml). The level of glucose in hydrolysis filtrate yield was analyzed before the fermentation process
done previous research [42]. Fermentation process in Figure 1 done in stable condition: filtrate bamboo
ratio of the varies Saccharomyces C. and Zymomonas M.: 5, 9, 13 (% v/v), fermentation time 4, 6, 8,
10, 12 days. Filtrate rate influences the residual glucose levels, obtained maximum residual glucose
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levels (1,3 - 3) %, and this is because in the tank hydrolysis reactor and the amount of filtrate starter
Saccharomyces C. and Zymomonas M. in still little so that the fermentation process is not optimal. With
the increasing amount of filtrate hydrolysis and starter Saccharomyces Cerevisiae then the smaller the
residual glucose, because it fermented into ethanol.

3. Results and Discussion

Bamboo using as a study material derived from bamboo crops in the surrounding area.
Assessment method is done, by doing a survey and laboratory analysis to obtain some data about the
quality and quantity of the available bamboo. The expected result was data about the quality and bamboo
guantity before processing to be ethanol. Ethanol forming elements were cellulose and glucose, the
concentration of cellulose was 48.1 %, glucose was 4.8%, and impurities. If the entire cellulose

hydrolyzed completely, it will be obtaining the glucose levels of 53%.
The results of fermentation process with ratio enzyme again filtrate cellulose as:

Table 1. Ethanol level and yield on fermentation process

Ratio Filtrate Fermentation Glucose level Ethanol Level
Sellulose time Fermentation (%) Fermentation (%)
(%viv) (day) SC ZM SC ZM
4 482 576 105 10.0
6 5.30 5.23 11.0 123
5 8 5.70 5.27 90 134
10 5.78 554 125 10.3
12 5.81 5.77 11.0 10.3
4 5.08 5.90 12.0 9.1
6 5.68 5.76 145 132
9 8 7.63 6.03 140 149
10 7.78 6.78 150 135
12 7.98 7.91 140 126
4 7.41 6.88 140 13.0
6 8.35 7.95 145 137
13 8 9.56 8.77 150 145
10 9.87 9.05 145 123
12 9.88 9.35 13.0 128

The pieces and refined fiber of bamboo with an approximate length of 5 cm and polished thread
200 mesh were done to obtain the high levels of glucose and cellulose before it hydrolyzed by Bacillus
and H-CI solution. Bamboo should be made in powder form so that cellulose hydrolyzed perfectly.
However, that process took a higher cost. Besides, bulrush in the powder form could suffer the physical
destruction, thus causing the damage of the glucose group. The drying process of bulrush was naturally
done first in the room temperature. The drying process was done in an oven at 1000C for 3 hours. These
done for cost savings. The drying process aimed to reduce the water content in ethanol. The water level
that was permitted by Standart National Indonesia (SNI) was 1%. The decreasing of pH from
pretreatment material was affected by the addition of H-CI volume 7%v/v because the requiring pH for
fermentation process was 4,5. Before doing the hydrolysis process, the pH of filtrate measured according
to the terms of the fermentation process that is approximately 4.5. To obtain pH 4.5, the addition of Na-
OH done if the pH of the filtrate was under 4.5 and the addition of citric acid if the filtrate pH was above
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4.5. Filtrate rate influences the residual glucose levels, for a number of starter Saccharomyces C. 5, 9,
and 13% v/v, obtained maximum residual glucose levels (1,3 - 3) %, this is because in the tank hydrolysis
reactor and the amount of filtrate starter Saccharomyces C. still little, so that the fermentation process is
not optimal. With the increasing amount of filtrate hydrolysis and starter Saccharomyces C. then the
smaller the residual glucose, because it fermented into ethanol.
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Figure 2. Effect Saccharomyces volume on the remaining ethanol contain

After analysis glucose levels in the rest of the fermentation process, with the addition of
Saccharomyces C. 7 % of the volume of fluid (filtrate) showed small residual glucose levels compared
to the addition of starter 5, 11 and 13 %. These are because the preliminary research has been conducted
by following the Journal and the acquisition of 7% of the fluid volume. Filtrate rate influences the
residual glucose levels, for a number of starter Saccharomyces C. 5, 9, and 13%, obtained maximum
residual glucose levels (1.5-10) %, this was due to the amount in the tank reactor filtrate hydrolysis and
starter Saccharomyces C. still little, so that the fermentation process is not optimal. With the increasing
amount of filtrate hydrolysis and starter Saccharomyces C. then the smaller the residual glucose, because
it fermented into ethanol.

4. Conclusion

Fermentation process from bamboo to bioethanol, glucose levels obtained in the fermentation process
as (5-10) % for filtrate cellulose, levels of ethanol in the fermentation process equal 10 until 15 %. The
Saccharomyces C. had higher glucose and bioethanol levels results of Zymomonas M., but durability
Zymomonas M. stronger in a fermentation process.
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