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Abstract. Bitter cassava (Manihot glaziovii) has the potential to be converted into bioethanol. However, the distillation process can only purify it to 
95% bioethanol. Therefore, it is necessary to carry out an adsorption process to obtain 99.8% bioethanol. This study aimed to investigate the effect 
of bitter cassava starch hydrolysis time and coral rock in the distillation column on glucose and bioethanol concentrations, respectively. Additionally, 
the study discussed the effect of adsorbent height (60, 80, 100, or 120 cm) in the adsorption column on bioethanol concentration. There are three 
main stages for obtaining fuel-grade bioethanol: (i) bitter cassava hydrolysis, (ii) bioethanol production, and (iii) bioethanol purification (distillation 
and adsorption). Zeolite 4A and natural zeolite were used as adsorbents in this study. The results showed that the best fermentation was obtained at 
90 hours, resulting in an ethanol concentration of 13.82% (v/v), which could be purified up to 95.64% through distillation. Furthermore, further 
purification (adsorption) could extend fuel-grade bioethanol (99.62% and 98.42%). Another analysis also indicated that zeolite 4A was more feasible 
than natural zeolite for producing fuel-grade bioethanol. 
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1. Introduction 

Commonly, high population growth rates, rapid 
development of industry, and dependency on fossil fuels are the 
main reasons that contribute to the global energy crisis (Jambo 
et al., 2016). The overconsumption of conventional fuel-based 
fossil fuel also leads to negative consequences, such as a lack of 
fuel reserves, an increase in commodity prices, pollution, and 
climate change (Suali & Sarbatly, 2012; Adenle et al., 2013; 
Jambo et al., 2016). Therefore, there is an urgent need for new 
renewable resources to produce sustainable energy, thus 
overcoming these challenges. Biodiesel and bioethanol are 
alternative biofuels that can be used to replace diesel and petrol, 
respectively (Ariyanti and Hadiyanto, 2013; Aditiya et al., 2016). 
Numerous studies have been conducted on biodiesel 
production (Handayani et al., 2013; Tabatabaei et al., 2019; 
Mehdi et al., 2022; Nazloo et al., 2022).  

The availability of continuous feedstock is one of the main 
factors that is important for bioethanol production and 
commercialisation (Ocreto et al., 2021; Jambo et al., 2016; 
Hadiyanto et al 2013). Bioethanol can be produced from 
biomass feedstocks, which are natural sources of carbon that 
can be converted into bioenergy through biological treatment 
processes such as fermentation. Bitter cassava (Manihot 
glaziovii) is a plant that grows in tropical areas (Hargono et al., 
2017a), and it contains 88% starch, so it may be an appropriate 
commodity for bioethanol conversion (Hargono et al., 2017b). 
The production of bioethanol consists of four (4) sequential 
steps: (i) pre-treatment, (ii) hydrolysis, (iii) fermentation, and (iv) 
separation-purification. Among these steps, separation is a 
crucial stage for bioethanol purification (Aditiya et al., 2016). To 
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meet fuel–grade standards, the concentration of bioethanol 
should be higher than 99% (Lee et al., 2021; Kusmiyati & 
Susanto, 2015; Muhaji & Sutjahjo, 2018). Therefore, it is 
necessary to carry out separation and purification processes to 
achieve the required ethanol concentration for fuel-grade 
bioethanol.  

The fermentation process of sugar-based raw materials 
using Saccharomyces cerevisiae produces an ethanol-water 
mixture (Cardona & Sanchez, 2007; Hossain et al., 2010). Then, 
the ethanol purification process can be conducted by distillation 
and adsorption. The distillation process can purify the ethanol 
concentration up to 94% due to the azeotropic point limitation 
(Kusmiyati & Susanto, 2015; Lei et al., 2002). However, an 
adsorption process then needs to be carried out to obtain a 
higher concentration (> 99%) (Kusmiyati & Susanto, 2005). The 
adsorbent, as a molecular sieve, must have a selective pore size. 
For instance, water (H2O) has a molecular diameter of 2.75Å 
while ethanol (C2H5OH) has a molecular diameter of 4.40 Å 
(Perry & Green, 1997). The combination of distillation and 
adsorption is required to ensure that the bioethanol produced 
can meet the standard of fuel grade.  

Adsorption is one of the most accessible purification 
techniques since the raw material for the adsorbent is very easy 
to obtain (Karimi et al., 2019). Common adsorbent materials 
used in the purification of bioethanol include zeolite, silica sand, 
starch material, and activated carbon (Lee et al., 2020). The 
porous properties of the adsorbent determine the efficiency of 
dehydration in the adsorptive process. Previous studies 
reported that the use of silica gel as an adsorbent could produce 
98.28% ethanol (Mekala et al., 2022). Other studies also 
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explained that zeolite 3A and zeolite could purify ethanol at 
concentrations of 99.5% and 99.4%, respectively (Abdeen et al., 
2011; Handrian et al., 2017). Since its great performance, zeolite 
has been well known as the best adsorbent and most efficient 
dehydrator of ethanol (Perry & Green, 1997). Zeolite-type 
molecular adsorbents can achieve high water selectivity, which 
can be made to be both size- and sorption-selective for water 
(Lee et al., 2020). Due to the small diameter (0.275 nm), water 
molecules can easily pass through the zeolite channels 
compared to ethanol, which has a larger diameter (0.44 nm) 
(Mekala et al., 2022). However, only a few researchers have 
highlighted the effect of different controlling parameters in the 
packed column system on the dehydration process. Hence, 
investigation of adsorbent heights in the adsorption column is 
urgently required to obtain fuel-grade bioethanol. This research 
aims to study the effect of bitter cassava starch hydrolysis time 
in the hydrolysis process and the use of coral rocks in the 
distillation process on glucose and bioethanol concentrations, 
respectively. Additionally, the effect of the adsorbent height in 
the adsorption column on bioethanol concentrations is also 
discussed in this paper. 
 

2. Materials and Methods 

2.1 Materials 

Bitter cassava (Manihot glaziovii) was supplied from 
Ngepungsari village, Karanganyar, Central Jawa, Indonesia, and 
cassava starch production was carried out using the extraction 
method as described by previous work (Hargono et al., 2017a). 
Coral rock was obtained from Kampung Laut Cilacap, which is 
located on the edge of the Segara Anakan lagoon in Central 
Java. 

2.2 Chemicals 

Potassium sodium tartrate tetrahydrate and 3,5-
Dinitrosalicylic acid (Merck), NaOH (98%, Merck), Na2SO3 
(98.5%, Merck), H2SO4 (98.5%, Merck), sodium acetate buffer 
(Merck), glucose and ethanol (99.5%, Merck), (NH4)2HPO4, 
MgSO4.7H2O, and yeast extract were purchased at Sigma-
Aldrich Indonesia (Hargono et al., 2017b). Zeolite 4A was 
obtained from the Chemical Engineering Operations 
Laboratory, Faculty of Engineering, Diponegoro University, 
while natural zeolite was purchased at the Multi Kimia Raya 
Kimia, Semarang, Indonesia. 
 
2.3 Enzyme 

Granular Starch Hydrolysing Enzyme (GSHE), also known 
as StargenTM 002, is a commercial enzyme obtained from 
Genencor International (USA) (Genencor, 2019). This enzyme 
(amylase and glucoamylase) contains Aspergillus kawachii, which 
was found in T. reesei. Both amylase and glucoamylase enzymes 
work synergistically to hydrolyze starch granules into glucose. 
The enzyme has an activity of 570 GAU/g and a pH of 4–4.5. 
The minimum activity of alpha-amylase is 135 KNUg-1, and that 
of glucoamylase is 270 GAUg-1. One glucoamylase unit (GAU) is 
defined as the number of enzymes that discharge 1 g of reducing 
sugar, measured as glucose, per hour from the dissolvable 
starch substrate under the conditions of the study (Hargono et 
al., 2017b). 

2.4 Microorganism 

Saccharomyces cereviceae, also known as baker’s yeast, was 
produced by PT Pakmaya and obtained from Kabita Store, 
Semarang, Indonesia. The yeast was stored in a refrigerator 

before use. Saccharomyces cereviceae was dispersed in clean 
water at room temperature at a concentration of 10 g/L (dry 
pastry yeast/ per litre of DI water), and 10 mL of this was used 
as inoculum without further cultivation and added to 90 mL of 
maturation medium to get a 10% (v/v) portion. Before being 
added, the cup and medium were sanitised by operating the 
autoclave at 121℃ and 0,5 hours, respectively. The temperature 
and agitation speed were kept steady (Hargono et al., 2019). 

2.5 Starch hydrolysis: Non-cooking method 

This study investigated the effect of cassava starch 
concentrations (100, 150, and 200 g/L) on glucose 
concentrations. Initially, the starch slurry was incubated in a 
shaker at 100 rpm for 10 minutes at pH 4.5. The pH was 
controlled using a sodium phosphate buffer solution (0.01 M) of 
citric acid. The cassava starch slurry was then transferred into a 
test jar for the hydrolysis process. Furthermore, the enzyme 
with a concentration of 1.5% (w/w) was added at 30°C, pH 4, 
for 24 hours (Hargono et al., 2017b). The samples were taken for 
periods of 6, 12, 18, and 24 hours and centrifuged for 4 minutes 
at a rotation speed of 100 Hz. The samples were filtered using 
Whatman CAT 40 filter paper No.1440–125 mm in order to 
obtain a clear filtrate, and then the filtrate was analysed to 
determine the concentration of glucose. The best result of this 
hydrolysis process is the concentration of substrate and enzyme 
that produces the maximum concentration of glucose. 
Furthermore, glucose produced in these best conditions is used 
as feed for the fermentation process to produce bioethanol. 
 
2.6. Starch characterization 

Native starch and hydrolyzed starch were characterised 
for their microstructure and crystalline phases. The 
microstructure of the starch granules was observed using a 
scanning electron microscope (JEOL Series, JSM-6510-LA, 
Japan) with an object magnification of 3000x. The crystallinity 
phase of starch granules was investigated through X-ray 
diffraction (XRD) pattern analysis. 
 
2.7. Simultaneous saccharification and fermentation (SSF) 

The SSF was carried out using a 1000-mL volume flask 
that had been sterilised at 121 ºC for 30 minutes. The bitter 
cassava starch (200 g/L) was put into a flask at pH 5. pH 
adjustment was conducted using a 3 M NaOH solution. 
StargenTM 002 (1.5% w/w) was then added at 50 ºC for 24 hours, 
and then the system was maintained at 30 ºC. Fermentation was 
carried out in the same flask by adding several nutrients: 
(NH4)2HPO4 0.5 g/L, MgSO4.7 H2O 0.025 g/L, and yeast extract 
1.0 g/L for 15 hours in a shaker-incubator at 37 ºC and 80 rpm. 
Furthermore, 5 g/L of dry yeast was added and incubated in 
anaerobic conditions for 78 hours. Samples were taken 
periodically for bioethanol concentration analysis at 6, 12, 18, 
and 78 hours. 

 
2.8. Reduction of coral rock 

Irregularly shaped coral rock was reduced using a 
hammer mill (Matsumoto, HM 9300) to become smaller in size 
with an average size of 1 cm, and then this material was filled in 
the distillation column. 
 
2.9. Bioethanol purification using distillation and adsorption 
Methods 

In this study, single-stage distillation and adsorption were 
used to purify bioethanol (Fig. 1). The crude bioethanol (1000 
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mL), as the result of fermentation, was fed to the distillation 
column. It was filled into the boiler and heated to 85 ºC for 120 
minutes so that the ethanol changed to the vapour phase. 
Furthermore, the bioethanol vapour is condensed by flowing 
into a spiral-shaped cooling pipe using water as a coolant. The 
condensate formed from the condensation process is collected 
in an Erlenmeyer. The sample was taken every 30 minutes for 
ethanol concentration analysis. 

The best concentration of bioethanol from the distillation 
process was then used as a feed for the adsorption process 
containing a molecular sieve (zeolite 4A and natural zeolite) at 
a temperature of 90°C. Furthermore, this mixture will be 
reduced in water content or dehydrated. The ethanol-water 
vapour mixture was put into an adsorption column with an inner 
diameter of 8 cm and a column height of 125 cm. The variations 
in adsorbent height (60, 80, 100, and 120 cm) were also 
investigated. The adsorption process was carried out for 90 
minutes, then the bioethanol was analysed. 
 

2.9.1. Fourier transform infrared (FTIR) analysis 

To qualitatively identify the presence of functional groups 
contained in the zeolite, a Fourier Transform Infrared (FTIR) 
test was carried out. Infrared spectroscopy is the method used 
to analyse molecular interactions with electromagnetic 
radiation that is in the wavenumber region 7.500 – 350 cm-1. 
 

3. Results and Discussion 

3.1 Effect of bitter cassava starch concentration on glucose 
concentration 

The effect of bitter cassava starch concentrations (150, 
200, and 250 g/L) in enzyme concentrations of 1.5% (w/w) on 
the glucose concentration is shown in Fig. 2. The results of the 
hydrolysis of bitter cassava starch for 24 hours showed that the 
glucose concentration would increase over 3–12 hours. Further, 
the opposite condition occurred after 21 hours due to the 
decrease in glucose concentration. 

The best condition was obtained at a concentration of 
bitter cassava starch of 200 g/L over a period of 12 hours, which 
resulted in a glucose concentration of 62.64%. It was due to the 
maximum enzyme activation (1.5%). However, other conditions 
(cassava starch 250 g/L) show that the enzyme concentration is 
not sufficient to convert starch into glucose for 18–24 hours 
(Hargono et al., 2017b). Hargono et al. (2017a) also reported the 

reducing sugars obtained from sweet cassava starch, bitter 
cassava flour, and gadung flour by GSHE with a concentration 
of 1.5% (w/w) and a starch concentration of 200 g/L at 30 ºC 
and pH 4 during the hydrolyzing time of 0 to 24 h (Hargono et 
al., 2017a). The reducing sugar of sweet starch was higher than 
that of bitter and gadung flours. At a hydrolyzing time of 12 h, 
the maximum reducing sugars from sweet cassava bitter, 
cassava flour, and gadung flour were 40.98, 37.21, and 5.36 g/L, 
respectively. Previous research reported that the reducing sugar 
produced from cassava starch has a varying level of starch, at 
pH 4.5 and a temperature of 30 °C (Shanavas et al., 2010). It was 
found that the reducing sugar of 98.3 g/L could be achieved 
with 100mg of starch on a 10% (w/v) starch solution. Another 
study also reported that the hydrolysis of native tapioca starch 
for 8 to 24 hours increased the reducing sugar concentration, as 
indicated by an increase in dextrose equivalent (DE) from 18 to 
35.7% (Yussof et al., 2013). Another previous work reported that 
after 8 hours of hydrolysis of 30% maize starch using alpha 
amylase and glucoamylase, the maximum reducing sugar was 
138 g/L (Adejumi et al., 2009). 
 
3.2. X-Ray diffraction pattern of hydrolyzed starch 

The phases of hydrolyzed starch after the hydrolysis 
process with different hydrolysis times were evaluated. A 
characterization by XRD was carried out to determine the 
crystal behaviour of starch granules as an effect of enzymatic 
hydrolysis in the presence of cyanide inhibitors. The crystalline 
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Fig. 1. Single stage distillation and adsorption equipment for ethanol 
purification 
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Fig 2.  The effect of bitter cassava starch concentrations in 
enzymes concentrations 1.5% (w/w) on the glucose concentration 

 
Fig 3. XRD pattern of enzymatic hydrolysed starch 
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phase of the starch can be indicated by the presence of a sharp 
peak within the amorphous diffraction pattern. The XRD 
patterns of native bitter cassava starch and enzymatic 
hydrolyzed starch for 12 and 24 hours are shown in Fig. 3. The 
diffraction patterns of the starch are relatively similar. However, 
a slight, distinct pattern was identified. Naturally, starch has 
three types of XRD patterns: type A, type B, and type C, which 
represent the different crystalline structures of each starch. Both 
native bitter cassava starch and bitter cassava starch with 
hydrolysis treatment for 12 and 24 hours showed an A-type 
pattern with the characteristic pattern at 2θ of 15.66° and 23.32° 
(native starch) with peak intensities of 410 and 514 a.u. 
Furthermore, the XRD pattern of hydrolyzed starch for 12 hours 
showed typical peaks of 15.68° and 23.32° at intensities of 458 
a.u. and 522 a.u., while after treatment for 24 hours, the 
characteristic diffraction peaks were at 2θ of 15.27° and 23.2° 
with intensities of 526 a.u. and 556 a.u. The crystallinity phase 
of native bitter starch and hydrolyzed starch for both 12 and 24 
hours provided an insignificant change. The data shows that the 
amorphous region of the starch granules after treatment was 
wider than the crystalline region. Chen et al. (2014) reported that 
the intensity of hydrolyzed tapioca starch was higher than that 
of native tapioca starch. Cassava starch is a material that is 
easily hydrolyzed compared to potato starch. In accordance 
with this property, cassava starch and sweet potato starch show 
an A-type pattern. These persistent crystalline peaks of 
hydrolyzed starch indicated that hydrolysis mainly occurred in 
the amorphous region. 
 

3.3 SEM Images of Starch Granules 

SEM micrographs of native and hydrolyzed bitter cassava 
starch are shown in Fig. 4. The granule of native starch was 
regularly rounded, with an estimated size of 10 m. The surface 
of the granule appeared smooth (Fig. 4a), indicating that the 
starch was in good condition. In contrast, the hydrolyzed starch 
for 12 hours (Fig. 4b) exhibited enzymatic erosion mainly on the 
surface, which resulted in roughening and deformation. 
Meanwhile, the starch hydrolysis for 24 h (Fig. 4c) shows that 
starch granules were cut into pieces (split), pores appeared, and 
some of the granules were damaged. These pieces caused a 
larger surface area of the granules, thus increasing the 
penetration of the enzyme into the starch granules during 
hydrolysis (Sarikaya et al., 2000). 
 

3.4. Effect of Fermentation Time on Ethanol Concentration in the 
SHF and SSF 

The experiment data obtained from the fermentation of 
bitter cassava starch using SHF and SSF are shown in Fig. 5. In 
the initial fermentation (18 hours), the bioethanol concentration 
produced from SSF is lower than that from SHF. It is due to the 
fact that at the beginning of the fermentation, a small amount of 
glucose is formed, in contrast to SHF, where glucose is readily 
available. Fermentation of bitter cassava starch for 42 hours 
using the SHF and SSF methods resulted in increasing 
bioethanol concentrations of 12.10 and 13.82 g/L, respectively, 
while fermentation after 48 hours of bioethanol production 
tended to be constant. This result indicated that SSF is more 
effective than SHF. The difference in ethanol yield for 48 hours 
reached 14.21%. Previous research showed that fruit bunch 
hydrolysis could produce 6.05% bioethanol using the SSF 
method for 24 hours (Dahnum et al., 2015). However, the SHF 
process could only obtain 4.74% bioethanol for 72 hours. 
Hargono et al. (2021) also reported that the hydrolysis of Suweg 
(Amorphophallus campanulatus) could produce an ethanol 
concentration of 99.52% by the SSF method, which was higher 
than the SHF method (89.57%). This method operates at low 
temperatures and therefore saves energy. In addition, the SSF 
method can inhibit excess glucose products, which can inhibit 
enzyme activity. In addition, SSF is carried out in one reactor to 
save costs (Hargono et al., 2021).  

  

 
Fig 5. Effect of fermentation time on ethanol concentrations in the 
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Fig 4 SEM images of starch granules at 3000x magnification (a) 
native bitter cassava starch, (b) hydrolyzed bitter cassava starch for 
12 h, (c) hydrolyzed biter cassava starch with for 24 h. 
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3.5. Effect of condensation time on bioethanol concentration 

The effect of condensation time on the bioethanol 
concentration is shown in Fig. 6. As the condensation time 
increased from 30 to 150 minutes, the bioethanol concentration 
obtained increased from 28.76 to 95.42%, and the yield of 
bioethanol is 32.5%. 

 This bioethanol concentration will tend to remain due to 
the limitations imposed by the azeotropic point. However, in 
previous research carried out on the second stage of distillation 
from suweg (Amorphophallus paeoniifolius), an ethanol 
concentration of 91.78% was achieved after 90 minutes, after 
which the ethanol concentration remained constant (Hargono et 
al., 2021). According to Huang et al. (2008), this separation 
process is only able to produce a maximum ethanol 
concentration of 95.63% (w/w), with limitations to the 
azeotrope point. Other studies conducted similar research using 
a column with and without packing of 0.48 pore sizes. The 
ethanol yields obtained were, respectively, 87.5% and 62%. In a 
previous study, fermentation was carried out using a 5% 
fermented ethanol broth with a flow rate of 145 g/min, and the 
purification process was conducted using an integrated 
distillation with a membrane, resulting in an increase in ethanol 
concentration from 63.5 to 98.5%. (Vane et al., 2021).  

3.6 Effect of adsorbent height and temperature in the column on 
ethanol concentration 

The effect of adsorbent height on ethanol concentration is 

shown in Fig. 7. Generally, higher temperatures and column 
heights significantly increased the bioethanol concentration. 
The best conditions were achieved at a temperature of 85°C and 
an adsorbent height of 120 cm. These conditions could produce 
ethanol concentrations of 99.62% (zeolite 4A) and 98.42% 
(natural zeolite) with an increase in ethanol concentration of 
3.56% and 2.31%, respectively. However, the ethanol 
concentration only reached 2.12% and 1.48% or decreased by 
1.44% and 0.83% at 90°C. Previous studies reported that the use 
of zeolite adsorbents could achieve an ethanol concentration of 
99.40% (Handrian et al., 2017). 
 

3.7. Fourier transform infrared test results of Zeolite 4A 

Fourier Transform Infrared analysis was conducted to 
indicate functional groups present in Zeolite 4A. The FTIR 
spectra of Zeolite 4A before and after activation are shown in 
Fig. 8. Zeolite exhibits two main peaks in the range of 3600 and 
3700 cm-1. This is due to the presence of an OH group on Si-
(OH-)Al located on the internal surface of the zeolite and the OH 
stretching from the weakly acidic silanol groups located on the 
external surface of the zeolite in the vibrational region of the 
hydroxyl stretching infrared spectrum. In the activated zeolite, 
the notch decreases in intensity around 3600 cm-1 and shifts to 
about 3580 cm-1. The indentation near 3700 cm-1 is slightly 
weakened due to the zeolite activated by Na metal (Gackowski 
et al., 2019). The decrease in band intensity is most likely due to 
the exchange of protons with Na metal ions through the 
reaction: 

 
SiO2 (s) + 2NaOH (aq) → Na2SiO3 (s) + H2O (l) 
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Fig 6. Effect of condensation time on bioethanol concentration 
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The two weak bands near 1500 and 1450 cm-1 in the Fourier 
Transform Infrared (FTIR) spectrum correspond to the 
Bronsted and Lewis acid sites of the zeolite. The adsorption of 
Na ions by zeolite leads to an increase in Al sites and a decrease 
in Si sites (Krol et al., 2012). 

 
3.8. Fourier transform infrared test results of natural zeolite 

A Fourier Transform Infrared analysis was conducted to 
indicate the functional groups contained in the natural zeolite. 
The FTIR spectra of natural zeolite before and after activation 
are shown in Fig. 9. It also shows that the O-H stretching 
vibration from non-activated natural zeolite to activated natural 
zeolite has decreased. It is associated with the release of water 
molecules that are physically bound to the zeolite (Fitriana & 
Rusmini, 2019). Table 1 illustrates the interpretation of the wave 
number results of non-activated and activated zeolite. A 
decrease in absorption is observed at wave numbers between 
820 and 650 cm-1, which corresponds to the symmetrical 

stretching vibration of OSiO/OAlO, as shown in Table 1. This 
vibration indicates the composition of Si-Al in the zeolite 
structure. 

4. Conclusion 

Bitter cassava (Manihot glaziovii) is feasible to convert into 
bioethanol. The simultaneous saccharification and fermentation 
(SSF) process resulted in bioethanol with a concentration of 
13.82% (v/v). However, distillation that uses coral rock as 
packing material, could only purify bioethanol up to 95.64%. To 
further purify the bioethanol, an adsorption method was 
employed using zeolite 4A and natural zeolite as a continuation 
of the distillation process. This approach successfully increased 
the bioethanol concentrations of 99.62% (zeolite 4A) and 
98.42% (natural zeolite). In addition, the combination method of 
distillation and adsorption proved to be effective in producing 
bioethanol of fuel-grade quality. 
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