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Abstract: Bioethanol gel is gaining more attention for clean cooking fuel as green technology and
partial replacement of burning the biomass for cooking purposes. The conversion of
tapioca flour wastes to bioethanol and its production to bioethanol gel has not been
performed. Tapioca flour waste is rich in sugar, and it is promising for the low-cost
biomass for bioethanol production. The production of bioethanol from cassava peels
and  onggok  and its bioethanol gel formulation was performed in this study. The
research was carried out by treating tapioca starch waste with eight treatments and
analyzed quantitatively. The viscosity, calorific value, burning time, flame color, and
ash content of the bioethanol gel were analyzed. It can be concluded that cassava-
based industrial wastes were successfully converted to bioethanol with a 35% yield
resulting in a 25% bioethanol concentration at a 2.64 g/L per h conversion rate. The
efficiency of bioconversion was 86%, and reflux column distillation could increase the
bioethanol concentration to 92%. Carboxymethyl cellulose (CMC) was an effective
gelling agent and improved the viscosity at 1.338 mPa.s and burning time to 184 min.
All samples' ash content was lower than 5%, meaning that it is promising for further
application as a household cookstove fuel.
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on our manuscript.

Opposed Reviewers:

Response to Reviewers: Reviewer #1:
(1)Remove the word 'yeast' before Saccahromyces cerevisae (Section 3.3).
Answer: we have removed it

(2)Change the description of Table 4 (i.e it should be initial lignin concentration before
delignification)
Answer: we have changed the table caption to initial lignin concentration before and
after pretreatment.

(3)As cost analysis is haven't done, kindly remove the word "low cost attempt" from
highlights. There are lot things to be considered for cost calculation. Mere using a
cheap substrate does not make the process cost effective.
Answer: Thank you for your suggestions, we have removed the low-cost highlight in
this manuscript

(4)The length of highlights no. 1, 3 ,4 should be reduced. Too much words has been
used.
Answer: Thank you, we have edited the highlights to be shorter

The article should be considered for publication after these corrections.

 
Reviewer #2: Though the authors attempted to revised the paper, most of my pervious
comments were overlooked and no proper revisions/justification is provided to the my
concerns. Majorly, the introduction section is poorly written and hence, need to be re-
written to address my comment on previous version of the paper. Similarly, serious
attention should be paid to my all previous comments.
Besides, the English of the needs to be improved. The authors should get the paper
proofread by language professional (such as Elsevier language editing service)
Answer: Thank you for your kind suggestions, we have carefully looked at the
manuscript based on your comments this time, we tried to edit it according your
concerns. The introduction part was re-written. Also, we have followed your previous
comments. The proofread was also performed. Hopefully now it is more readable and
suitable for publication.

NoCommentAnswer
1Title of the paper is little long, try to make a short titleWe have edited the title
Bioconversion and valorization of cassava-based industrial wastes to bioethanol gel by
simple fermentation

2Introduction: in general, the Introduction should systematically discuss the facts to
support the idea of the paper being presented. Also, highlighting the research gaps,
novelty as well as authors' approach to address the identified problem should clearly
be reflected in the introduction part. Remember, Introduction is the first part of the
paper that should be impressive to create interest in readers. Hence, re-write the
introduction section.The introduction part was edited and re-written. We started the
Introduction from the cooking problems and bioethanol as alternative clean cooking
fuel. Then, we wrote the tapioca flour wastes as an alternative source of biomass for
bioethanol production. The fermentation using tapioca flour wastes for bioethanol
synthesis is still limited, and the results are still not optimized. The pretreatment using
enzymes is also pricey. Therefore, we address simple pretreatment and fermentation in
our research. Moreover, the bioethanol gel formulation using the bioethanol produced
from tapioca flour wastes has not been well recorded. Therefore, our research
presumably can fill in the research gap in this issue.

3Material and methods:
Ln 85-88: provide details of characterization/identification of yeast used. Else, cite the
paper where the same strain was earlier used.
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Ln 94: "Onggok powder was also air ............." sentence looks wrong.

Ln 99: cite the source from where the Delignification protocols were adopted. also, use
of NaOH for Delignification needs to be justified.
We have provided the identification method Line: 113-119.
The isolate was identified by sending the isolates to the Laboratory of Microbiology and
Biochemistry, Universitas Negeri Semarang, Indonesia. According to conventional
yeast identification methods, it was identified based on the morphology, sporulation,
and fermentation characteristics (Kreger-van Rij, 2013). The isolate was also tested for
the ability to use mannitol and maltose in the medium.  The isolate did not grow on
these sugars; therefore, it was considered to be S. cerevisiae.
Yes, it is actually onggok, not onggok powder, we have revised it (Ln 125)
Onggok was air-dried and ground to get a smaller powder size.

The source was added to the method (Ln 140 and Ln 147).
Separately, the dry powders (125 g) were then treated by delignification by adding
3000 mL sterilized distilled water and 350 mL NaOH (10% v/v) (Heriyanti, 2020; Jung
et al., 2018).
Delignification was performed by heating and stirring at 160 °C for 30 min.
Subsequently, the mixture was filtered using a vacuum pump and filter paper
(Whatman No. 1). The filtered residue was washed using sterilized distilled water until
neutral pH was obtained. The process was then continued by drying the residue in an
oven at 105 °C for 2 h. The delignified powders were again ground and sieved to
obtain a fine powder. Next, the hydrolysis of delignified cassava peel powder and
cassava pomace powder was done by mixing 250 g of powder with 300 mL 15% (v/v)
HCl. The mixture was heated at 100 °C for 2 h (Sutiyono, 2017).

4Result and Discussion:
Ln: 167: "The saccharification of cassava pulp by........" why this is discussed here. if
writing, it should be linked with the rest of the text in the para.

Ln 175 -179: discussion with previous reports should be logical and should indicate
some comparative assessments. Just writing the results of previous papers without any
comparison does not work here. need revision.

* Besides the data given in figure, some major data points should also be included in
the text.
Ln 181: "significantly higher ....." show the data along with p-values etc.,

overall, the result and discussion section is week. Try to explain your results with data
along with proper discussion in light of the previous similar studies.
We have re-wrote for the section 3.2. Pretreatment and saccharification of cassava-
based industrial wastes. We emphasize more in the treatment analysis the importance
and drawbacks in this method

We have improved the discussion by comparing our results with other research
findings. Some major data points were also included by citing the tables and figures
data.
5What was the yield of ethanol from casava and onggok? did you mention it in the
paper. I could not see35%, we have added the information in Table 5
6 Conclusion: not good. should be more logical, include some perspectives also.Yes,
we have already edited
7Add some yield values in the abstract and conclusion sectionsYes, we have already
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Universitas Negeri Semarang 

Semarang, Central Java, 50229 Indonesia 

Email: andinvita@mail.unnes.ac.id 

 

June 25, 2021 

 

 

Dear Prof. Dr. Ching Hou, 

Editor-in-Chief 

Biocatalysis and Agricultural Biotechnology 

 

I am Andin Vita Amalia as the corresponding author, sending the revised version of an 

original research article entitled Bioconversion and valorization of cassava-based industrial 

wastes to bioethanol gel and its potential application as a clean cooking fuel by Amalia et al. to 

be re-considered for publication in Biocatalysis and Agricultural Biotechnology. We have 

followed the instructions from the reviewers. This research was intended to be applied in the 

traditional bioethanol production by local communities in Central Java, Indonesia. We attempted 

the simplest and easiest method that can be used by the community. Moreover, this research result 

will have great impact to the provincial government policy which regulate the bioethanol 

production from wastes for household cooking fuel. Previously, the government prevented the 

bioethanol production in the excess amount as the application of the alcohol was not clear and 

often misconducted to be human consumption.  

Therefore, this manuscript reports the bioethanol production from cassava peels and 

cassava pomace using simple hydrolysis and simple fermentation as it is a basis of household fuel. 

We used our local Saccharomyces cerevisiae IPA1 obtained from a local traditional bioethanol 

industry in Central Java, Indonesia. The hydrolysis and saccharification process of cassava-based 

industrial wastes used a chemical method to obtain sugars to apply fermentation further. The 

ethanol produced was then recovered by the simple reflux batch distillation method, and the 

ethanol yield was subjected to formulate bioethanol gel. Bioethanol gel is gaining popularity in 

Central Java, Indonesia, as an alternative biofuel for the cooking and catering business since it has 

a long burning time and combustion efficiency. A low-cost method for bioethanol production and 

recovery is necessary. Therefore, to our best knowledge, there are only a few reports on this 

research using complete method of cassava peels and pomace hydrolysis, fermentation, 

distillation, and bio gel formulation in Indonesia. Cassava is one of the most staple food and 

abundant plant in Indonesia. The publications we found has only discussed about the production 

of the bioethanol itself, or the biogel production from any bioethanol or ethanol. There is no 

simultaneous attempt to use the bioethanol produced from the fermentation process.  

Also, there are many cassava-based industries and tapioca flour industries, and as a 

developing country, Indonesia will be facing more challenges for the energy occurring in the 

coming years, as it does not have enough oil reservoirs. Such research will open the chance to 

develop an alternative household energy source at a low cost. We believe that our manuscript is 

appropriate for publication by Biocatalysis and Agricultural Biotechnology. It reports about 

bioconversion of biomass to bioethanol by simple fermentation, which are included in the field of 

Microbiology, Agricultural Wastes Utilization, Biomass Conversion, and Biofuels as stated under 

the title of the aims and scope appeal to the readership of Biocatalysis and Agricultural 

Biotechnology.  

Cover Letter



Finally, this manuscript does not contain any experiments using plant, animal, and human 

studies. This manuscript has not been published and is not under consideration for publication 

elsewhere. Also, we have no conflicts of interest to disclose. 

 

Thank you for your consideration of this revised manuscript. Please direct all 

communication concerning this manuscript to me at my email mentioned above. 

 

Sincerely yours, 

 

Andin Vita Amalia 

Assistant Professor in Biotechnology 



Reviewer #1:  

(1) Remove the word 'yeast' before Saccahromyces cerevisae (Section 3.3). 

Answer: we have removed it 

 

(2) Change the description of Table 4 (i.e it should be initial lignin concentration before delignification) 

Answer: we have changed the table caption to initial lignin concentration before and after 

pretreatment.  

 

(3) As cost analysis is haven't done, kindly remove the word "low cost attempt" from highlights. There 

are lot things to be considered for cost calculation. Mere using a cheap substrate does not make the 

process cost effective. 

Answer: Thank you for your suggestions, we have removed the low-cost highlight in this manuscript  

 

(4) The length of highlights no. 1, 3 ,4 should be reduced. Too much words has been used. 

Answer: Thank you, we have edited the highlights to be shorter 

 

The article should be considered for publication after these corrections. 
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Reviewer #2: Though the authors attempted to revised the paper, most of my pervious comments were 

overlooked and no proper revisions/justification is provided to the my concerns. Majorly, the introduction 

section is poorly written and hence, need to be re-written to address my comment on previous version of 

the paper. Similarly, serious attention should be paid to my all previous comments. 

Besides, the English of the needs to be improved. The authors should get the paper proofread by language 

professional (such as Elsevier language editing service) 

Answer: Thank you for your kind suggestions, we have carefully looked at the manuscript based on your 

comments this time, we tried to edit it according your concerns. The introduction part was re-written. Also, 

we have followed your previous comments. The proofread was also performed. Hopefully now it is more 

readable and suitable for publication.  

 

No Comment Answer 

1 Title of the paper is little long, try to make a 
short title 

We have edited the title  
Bioconversion and valorization of cassava-based 
industrial wastes to bioethanol gel by simple 
fermentation 
 

2 Introduction: in general, the Introduction 
should systematically discuss the facts to 
support the idea of the paper being 
presented. Also, highlighting the research 
gaps, novelty as well as authors' approach to 
address the identified problem should clearly 
be reflected in the introduction part. 
Remember, Introduction is the first part of 
the paper that should be impressive to create 
interest in readers. Hence, re-write the 
introduction section. 

The introduction part was edited and re-written. 
We started the Introduction from the cooking 
problems and bioethanol as alternative clean 
cooking fuel. Then, we wrote the tapioca flour 
wastes as an alternative source of biomass for 
bioethanol production. The fermentation using 
tapioca flour wastes for bioethanol synthesis is still 
limited, and the results are still not optimized. The 
pretreatment using enzymes is also pricey. 
Therefore, we address simple pretreatment and 
fermentation in our research. Moreover, the 
bioethanol gel formulation using the bioethanol 
produced from tapioca flour wastes has not been 
well recorded. Therefore, our research 
presumably can fill in the research gap in this 
issue.  
 

3 Material and methods: 
Ln 85-88: provide details of 
characterization/identification of yeast used. 
Else, cite the paper where the same strain 
was earlier used. 
 
 
 
 
 
 
 
 
 

 
We have provided the identification method Line: 
113-119.  
The isolate was identified by sending the isolates 
to the Laboratory of Microbiology and 
Biochemistry, Universitas Negeri Semarang, 
Indonesia. According to conventional yeast 
identification methods, it was identified based on 
the morphology, sporulation, and fermentation 
characteristics (Kreger-van Rij, 2013). The isolate 
was also tested for the ability to use mannitol and 
maltose in the medium.  The isolate did not grow 
on these sugars; therefore, it was considered to be 
S. cerevisiae. 



Ln 94: "Onggok powder was also air ............." 
sentence looks wrong. 
 
 
 
Ln 99: cite the source from where the 
Delignification protocols were adopted. also, 
use of NaOH for Delignification needs to be 
justified. 

Yes, it is actually onggok, not onggok powder, we 
have revised it (Ln 125) 
Onggok was air-dried and ground to get a smaller 
powder size. 
 
The source was added to the method (Ln 140 and 
Ln 147). 
Separately, the dry powders (125 g) were then 
treated by delignification by adding 3000 mL 
sterilized distilled water and 350 mL NaOH (10% 
v/v) (Heriyanti, 2020; Jung et al., 2018). 
Delignification was performed by heating and 
stirring at 160 °C for 30 min. Subsequently, the 
mixture was filtered using a vacuum pump and 
filter paper (Whatman No. 1). The filtered residue 
was washed using sterilized distilled water until 
neutral pH was obtained. The process was then 
continued by drying the residue in an oven at 105 
°C for 2 h. The delignified powders were again 
ground and sieved to obtain a fine powder. Next, 
the hydrolysis of delignified cassava peel powder 
and cassava pomace powder was done by mixing 
250 g of powder with 300 mL 15% (v/v) HCl. The 
mixture was heated at 100 °C for 2 h (Sutiyono, 
2017). 

4 Result and Discussion: 
Ln: 167: "The saccharification of cassava pulp 
by........" why this is discussed here. if writing, 
it should be linked with the rest of the text in 
the para. 
 
 
Ln 175 -179: discussion with previous reports 
should be logical and should indicate some 
comparative assessments. Just writing the 
results of previous papers without any 
comparison does not work here. need 
revision. 
 
* Besides the data given in figure, some 
major data points should also be included in 
the text. 
Ln 181: "significantly higher ....." show the 
data along with p-values etc., 
 
overall, the result and discussion section is 
week. Try to explain your results with data 

 
We have re-wrote for the section 3.2. 
Pretreatment and saccharification of cassava-
based industrial wastes. We emphasize more in 
the treatment analysis the importance and 
drawbacks in this method 
 
We have improved the discussion by comparing 
our results with other research findings. Some 
major data points were also included by citing the 
tables and figures data.  



along with proper discussion in light of the 
previous similar studies. 

5 What was the yield of ethanol from casava 
and onggok? did you mention it in the paper. 
I could not see 

35%, we have added the information in Table 5 

6  Conclusion: not good. should be more logical, 
include some perspectives also. 

Yes, we have already edited 

7 Add some yield values in the abstract and 
conclusion sections 

Yes, we have already edited 

 



Highlights 

 Cassava peels and onggok bioconversion to bioethanol was successfully done  

 The reflux column distillation increased the bioethanol concentration up to 92% 

 CMC was a perfect gelling agent for bioethanol gel formulation  

 The bioethanol gel (burning time 180 min and ash <5%) is promising for household biofuel 

 

Highlights



 

Figure 1. Bioethanol production from various fermentation treatment parameters and comparison 

between conventional distillation and batch distillation methods. 

 

  

Figure Click here to access/download;Figure;Figure-edited.docx
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Figure 2. The calorific value of bioethanol gels with various concentrations of 

carboxymethylcellulose (CMC) at 2.5%, 3.5%, and 4.5%. 

  



 

Figure 3. Ash content as results of burning of bioethanol gels with various concentrations of 

carboxymethylcellulose (CMC) at 2.5%, 3.5%, and 4.5%. 

 



Table 1. Fermentation treatments by varying filtrate composition and starter culture inoculation 

Code Filtrate composition Starter culture 

T1 A mixture of 1:1 cassava peel and 

onggok filtrates 

Not added 

T2 Onggok filtrate Not added 

T3 A mixture of 1:1 cassava peel and 

onggok filtrates 

Added 24 h before the incubation of 

the fermentation process 

T4 Onggok filtrate Added 24 h before the incubation of 

the fermentation process 

T5 A mixture of 1:1 cassava peel and 

onggok filtrates 

Added on the first day of incubation 

of the fermentation process 

T6 Onggok filtrate Added on the first day of incubation 

of the fermentation process 

T7 A mixture of 1:1 cassava peel and 

onggok filtrates 

Added 24 h after the day of 

incubation of fermentation process 

T8 Onggok filtrate Added 24 h after the day of 

incubation of fermentation process 

 

  

Table Click here to access/download;Table;Table-edited.docx
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Table 1. Chemical composition of cassava peels and cassava pomace (%, w/w air-dried materials)  

Component  Cassava peels Cassava pomace 

Fibers 

Cellulose 

Hemicellulose 

Lignin  

Ash 

Moisture content 

65.4 ± 2.4 

37.6 ± 2.2 

37.1 ± 3.6 

17.3 ± 0.5 

4.5 ± 0.2 

60.3 ± 3.2 

35.9 ± 1.1 

18.3 ± 0.3 

4.8 ± 0.1 

2.8 ± 0.2 

1.9 ± 0.1 

48.1 ± 0.2 

 

  



Table 3. Lignin content of cassava based-industrial wastes before and after delignification process 

and acid hydrolysis 

Biomass Initial lignin 

concentration 

before 

delignification 

(% w/w) 

Initial lignin 

concentration 

after 

delignification (% 

w/w) 

Lignin 

concentration 

after acid 

hydrolysis (% 

w/w) 

Lignin removal 

efficiency (%) 

Cassava peels 17.3 ± 0.5b 9.2 ± 0.3b 3.3 ± 0.1b 80.9 ± 2.7b 

Cassava pomace 2.8 ± 0.2a 0.7 ± 0.1a 0.1 ± 0.0a 73.6 ± 0.1a 

 Values in columns with different letter (superscripts) are significantly different (P < 0.05). 

Values are mean ± SD for triplicate measurements. 

 

  



Table 4. Reducing sugars concentration of cassava based-industrial wastes after pretreatment and 

hydrolysis processes 

Biomass Initial reducing 

sugars before 

delignification 

(g/L) 

Initial reducing 

sugars after 

delignification 

(g/L) 

Reducing sugars 

concentration 

after acid 

hydrolysis (g/L) 

Reducing sugar 

yield (%) 

Cassava peels 0.11 ± 0.7a 5.89 ± 0.33b 10.87 ± 0.43b 79.2 ± 1.2b 

Cassava pomace 1.25 ± 0.3b 4.14 ± 0.72a 9.93 ± 0.28a 68.3 ± 0.9a 

Values in columns with different letter (superscripts) are significantly different (P < 0.05). 

Values are mean ± SD for triplicate measurements. 

 

  



Table 5. Analysis of bioconversion of cassava-based industrial wastes to bioethanol by simple 

fermentation using S. cerevisiae IPA1 at 10% (v/v) for 7 days at room temperature (30 ± 2 °C) 

Treatment Bioethanol 

yield (%) 

Remaining 

sugar 

concentration 

(%) 

Remaining 

HCl 

concentration 

(%) 

Bioethanol 

concentration 

(%) 

Bioethanol 

productivity 

rate (g/L per 

h) 

Bioethanol 

conversion 

efficiency 

(%) 

T1 22 3.62 0.13 14.28 1.32 41.21 

T2 22 3.55 0.13 14.40 1.65 41.95 

T3 25 3.52 0.12 14.15 1.08 41.03 

T4 24 3.50 0.12 14.50 1.52 42.07 

T5 35 2.15 0.08 25.85 2.64 86.26 

T6 32 3.25 0.09 20.66 2.43 73.24 

T7 30 3.32 0.10 15.75 1.97 44.11 

T8 24 3.35 0.11 12.31 0.67 33.49 

 

 

 

 

 

  



Table 6. The viscosity of bioethanol gel in different concentration of carboxymethylcellulose 

(CMC) 

Treatment Final 

bioethanol 

concentration 

% 

Viscosity value (mPa.s) 

2.5% CMC 3.5 % CMC 4.5 % CMC 

T1 62 660.77 ± 1.22 762.55 ± 0.87 901.34 ± 0.22 

T2 55 586.19 ± 0.79 676.51 ± 0.34 799.65 ± 0.76 

T3 86 916.45 ± 0.76 1.057.58 ± 0.21 1.254.99 ± 0.34 

T4 86 918.33 ± 0.68 1.046.57 ± 0.29 1.249.89 ± 0.77 

T5 92 980.37 ± 0.65 1.131.32 ± 1.23 1.337.62 ± 0.39 

T6 90 959.06 ± 1.02 1.106.21 ± 1.01 1.308.11 ± 0.14 

T7 87 927.11 ± 0.99 1.069.31 ± 0.45 1.264.52 ± 0.33 

T8 85 905.77 ± 0.94 1.045.22 ± 0.23 1.235.42 ± 0.46 

Values are mean ± SD for triplicate measurements. 

  



Table 7. Characteristics of bioethanol gels after burning 

Treatment 

Burning time (min) 

Flame color Residue 

2.5% CMC 3.5 % CMC 4.5 % CMC 

T1 30.2 ± 2.1 47.5 ± 1.2 75.3 ± 1.1 Blue ++ 

T2 32.5 ± 2.2 42.3 ± 2.5 78.2 ± 1.5 Blue ++ 

T3 45.4 ± 1.3 76.4 ± 3.1 100.0 ± 2.1 Blue ++ 

T4 48.3 ± 1.3 78.2 ± 2.0 100.5 ± 2.0 Blue ++ 

T5 75.5 ± 1.5 101.2 ± 1.0 184.4 ± 3.4 Blue + 

T6 82.2 ± 3.2 103.5 ± 1.3 183.0 ± 2.5 Blue ++ 

T7 78.6 ± 2.4 120.5 ± 1.5 179.0 ± 3.2 Blue + 

T8 71.5 ± 1.4 86.0 ± 2.2 135.3 ± 2.1 Blue + 

Values are mean ± SD for triplicate measurements. 
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2 

 

Abstract 18 

Bioethanol gel is gaining more attention for clean cooking fuel as green technology and 19 

partial replacement of burning the biomass for cooking purposes. The conversion of tapioca 20 

flour wastes to bioethanol and its production to bioethanol gel has not been performed. Tapioca 21 

flour waste is rich in sugar, and it is promising for the low-cost biomass for bioethanol 22 

production. The production of bioethanol from cassava peels and onggok and its bioethanol gel 23 

formulation was performed in this study. The research was carried out by treating tapioca starch 24 

waste with eight treatments and analyzed quantitatively. The viscosity, calorific value, burning 25 

time, flame color, and ash content of the bioethanol gel were analyzed. It can be concluded that 26 

cassava-based industrial wastes were successfully converted to bioethanol with a 35% yield 27 

resulting in a 25% bioethanol concentration at a 2.64 g/L per h conversion rate. The efficiency 28 

of bioconversion was 86%, and reflux column distillation could increase the bioethanol 29 

concentration to 92%. Carboxymethyl cellulose (CMC) was an effective gelling agent and 30 

improved the viscosity at 1.338 mPa.s and burning time to 184 min. All samples' ash content 31 

was lower than 5%, meaning that it is promising for further application as a household 32 

cookstove fuel.  33 

Keyword: biofuel, distillation, gelling agent, starchy wastes, lignocellulosic biomass, waste 34 

utilization 35 

 36 

  37 



3 

 

1. Introduction 38 

Cooking is essentials in life, and there are still approximately 2.4 billion people in the 39 

world who rely on biomass such as firewood, charcoal, and crop residues as the primary source 40 

for traditional cookstoves (Rehfuess, 2006). Bioethanol production is now gaining attention 41 

because of its potential as green technology and partial replacement of burning the biomass 42 

and fossil fuels to reduce greenhouse gas emissions, inefficient combustion, and deforestation 43 

only for cooking purposes (Murphy & Kendall, 2015; Öhgren et al., 2007; Oketch et al., 2012; 44 

Rehfuess et al., 2006). Bioethanol gel is a clean cooking fuel and has several advantages, such 45 

as non-smoky, non-volatile, burns slowly with a high heat output, and its high viscosity 46 

minimizes the danger of its distribution to avoid an accidental spillage (Hermawan & 47 

Sudarmanta, 2018; Oketch, 2014). Bioethanol gel has shown great potential to meet household 48 

cooking needs and is now becoming popular in the community since it reduces the drawbacks 49 

of liquid ethanol for distribution and utilization. Also, it is suitable for cooking, heating for fast 50 

food in restaurants, traveling, and catering (Ariyani, 2013; Hermawan, 2018). Moreover, the 51 

conversion of liquid bioethanol to the gel form is easy by adding a thickener agent, such as a 52 

carbopol and carboxymethyl cellulose (Ariyani, 2013).  53 

One of the efforts to maintain bioethanol availability is converting lignocellulosic 54 

wastes to bioethanol using the fermentation technique. The green bioethanol production by 55 

fermentation method usually employs Saccharomyces cerevisiae, Zymomonas mobilis, and 56 

Pichia stipitis (Cha et al., 2012; Inal & Yiǧitoǧlu, 2011). In this technique, the raw materials 57 

are usually obtained from sap, sugar palm, sweet potato, cassava, bamboo,  rice straw, bagasse, 58 

and corn cobs. However, non-edible biomass is preferred to reduce the competition with food 59 

production. Therefore, some bioethanol productions recently used agro-industrial wastes, 60 

including cassava peels, banana peels, pineapple peels, and flour wastes (Baeyens et al., 2015; 61 

Binod et al., 2010; Lee et al., 2012; H. Yang et al., 2019).  62 
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In this case, the flour wastes are favorable since the world demand for tapioca flour 63 

increases by 10% every year. In Indonesia, the production of tapioca tubers is nearly 20 million 64 

tons from 1.93 million hectares per year. Indonesia is also the world's second-largest tapioca 65 

starch producer, which produces not less than 2 million tons per year, with Lampung Province 66 

holding over 80% of the total production. The cassava productivity can reach 100 tons/ha 67 

(Sukara et al., 2020; Unteawati & Mutaqin, 2018). Tapioca starch production is divided into 68 

three categories, i.e., traditional factory, semi-traditional factory, and modern factory. Most 69 

modern and semi-traditional factories have been well equipped to optimize starch factory waste 70 

utilization. The traditional one still lacks waste management, leading to increased tapioca 71 

industrial residues, such as cassava peels and cassava pomace. 72 

Improper handling of these starchy wastes can cause environmental problems. 73 

Generally, the piles of cassava peels and pomace are dumped in a pond next to the factory. 74 

Then, many farmers who raise cows, chickens, and ducks take the waste and use them as animal 75 

feed. However, the farmers could not carry all wastes, leading to the unpleasant aroma, dirty, 76 

and clogging the drainage. The companies have conducted various efforts to reduce tapioca 77 

industrial residues by the bioconversion into value-added products, including organic fertilizers 78 

and low-grade Asia flour (Indrianeu & Singkawijaya, 2019). Nevertheless, the attempt to 79 

convert these wastes to biofuel is still limited. The starch-rich waste of tapioca flour industries 80 

or so-called onggok in the local Indonesian language is rich in sugar and can be utilized in 81 

bioethanol production. Also, the cassava peels is urgently potential lignocellulosic biomass for 82 

bioethanol synthesis. In this matter, onggok and cassava peels are a potential alternative source 83 

of starchy and lignocellulosic biomass to support the low-cost production process.  84 

The significant limitations of current bioethanol production processes using the 85 

lignocellulosic biomass are biomass pretreatment technology, the cost of cellulolytic enzymes 86 

for hydrolysis, and the yeast strain performance for fermentation (Olofsson et al., 2008; Rajak 87 
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& Banerjee, 2018). Our previous preliminary research result showed that onggok simple 88 

fermentation employing S. cerevisiae produced 6.2% ethanol after eight incubation days 89 

without distillation (Heriyanti et al., 2020).  Also, the duration of fermentation usually takes 7-90 

14 days. The conversion of cassava peels to bioethanol by fermentation was performed for 7-91 

8 days (Oyeleke et al., 2012). Various fermentation periods for converting cassava peels and 92 

onggok to bioethanol, i.e., 7, 14, 21, and 28 days resulted in a 55% alcohol optimum at seven 93 

days (Amalia et al., 2021). The bioethanol thickening process by adding carboxymethyl 94 

cellulose (CMC) was influential for gel fuel characteristics. The calorific value will increase 95 

by adding the amount of CMC (Hermawan, 2018). Reportedly, the research on the 96 

bioconversion of cassava-based industrial wastes, such as cassava peels and cassava pomace 97 

(onggok) to bioethanol and its bioethanol gel formulation and their characterization, have not 98 

been well recorded. Therefore, in this research, the tapioca flour starchy wastes and 99 

lignocellulosic bioethanol generation comprise three steps: pretreatment to degrade starch and 100 

lignin with alkaline, the hydrolysis of polymers process using acid into fermentable sugars, and 101 

the fermentation process using microorganisms. Simple pretreatment and fermentation should 102 

be performed for bioethanol production to reduce the cost, and the use of these chemicals can 103 

reduce the cost of pricy enzymes (Sutiyono et al., 2017). The improvement of bioethanol yield 104 

production from onggok and cassava peels by separate hydrolysis and fermentation (SHF), 105 

reflux column distillation to extract more bioethanol, bioethanol gel formulation from 106 

bioethanol produced, and bioethanol gel characterization were conducted in this study.  107 

2. Materials and methods 108 

2.1. Materials 109 

Cassava peels and cassava pomace or onggok were obtained from the local tapioca flour 110 

industry PT Suryapati Kencana, Pati, Indonesia. Saccharomyces cerevisiae IPA1 was derived 111 

from the culture collection kept in 30 % (v/v) glycerol stock at -20 °C in the Laboratory of 112 
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Integrated Science, Universitas Negeri Semarang, Indonesia. It was initially obtained from a 113 

local bioethanol industry in Central Java and purified and maintained.  The isolate was 114 

identified by sending the isolates to the Laboratory of Microbiology and Biochemistry, 115 

Universitas Negeri Semarang, Indonesia. According to conventional yeast identification 116 

methods, it was identified based on the morphology, sporulation, and fermentation 117 

characteristics (Kreger-van Rij, 2013). The isolate was also tested for the ability to use mannitol 118 

and maltose in the medium.  The isolate did not grow on these sugars; therefore, it was 119 

considered to be S. cerevisiae. All chemicals include CMC, ethanol, yeast growth media, were 120 

purchased from local distributors of Merck (Germany), Oxoid (England), HiMedia (India) with 121 

analytical grade.  122 

2.2. Cassava-based industrial wastes chemical characteristics 123 

Cassava peels were washed from soil and other contaminants. Then it was cut into2-5 124 

cm and washed to eliminate sand and other contaminants. The peel was air-dried and ground 125 

to 0.40 to 0.45 mm. Onggok was air-dried and ground to get a smaller powder size. Both 126 

samples were kept in clean and tight containers before analyses. The chemical compositions of 127 

samples were determined using the test method following the Technical Association of the 128 

Pulp and Paper Industry (TAPPI).  The water content, ash content, and moisture content were 129 

measured. The amount of lignin, cellulose, hemicellulose, and holocellulose were assessed 130 

following respective standard methods:  T222 om-06, Chlorination, and Kurschner-Hoffner 131 

Methods. All experiments were conducted in triplicates (Aripin et al., 2013). 132 

2.3. Cassava-based industrial wastes pretreatment and saccharification 133 

Cassava peels were cut into small pieces (5 × 5 cm2) and soaked for three days in 134 

sterilized distilled water. Then, it was dried at room temperature (30 ± 2 °C) for five days. The 135 

cassava peels were then ground using a blender until a fine powder was obtained. Onggok was 136 

air-dried for 5 days and ground to get a smaller powder size to a moisture content of 10.5%. 137 
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After drying, cassava peels powder and onggok powder were sieved using a sieve with 40 mesh 138 

size. Then, the powders were separately dried in an oven at 105 °C for 2 h. Separately, the dry 139 

powders (125 g) were then treated by delignification by adding 3000 mL sterilized distilled 140 

water and 350 mL NaOH (10% v/v) (Heriyanti, 2020; Jung et al., 2018). Delignification was 141 

performed by heating and stirring at 160 °C for 30 min. Subsequently, the mixture was filtered 142 

using a vacuum pump and filter paper (Whatman No. 1). The filtered residue was washed using 143 

sterilized distilled water until neutral pH was obtained. The process was then continued by 144 

drying the residue in an oven at 105 °C for 2 h. The delignified powders were again ground 145 

and sieved to obtain a fine powder. Next, the hydrolysis of delignified cassava peels powder, 146 

and cassava pomace powder was done by mixing 250 g of powder with 300 mL 15% (v/v) 147 

HCl. The mixture was heated at 100 °C for 2 h (Sutiyono, 2017). The filtrate was further used 148 

for the fermentation processes. The amount of released glucose was measured using the glucose 149 

oxidase or peroxidase assay, whereas reducing sugar was measured using the dinitrosalicylic 150 

acid (DNS) method.  151 

2.4. Yeast strain inoculum preparation 152 

One scrap of 30% (v/v) of glycerol stock was streaked on potato dextrose agar (PDA) 153 

and incubated at 37 °C for 2 days. One yeast colony was inoculated into 10 mL potato dextrose 154 

broth (PDB) and incubated at 37 °C for 24 h (150 rpm shaking). Then, 10 mL of culture broth 155 

was transferred into 90 mL fresh PDB to obtain 10% (v/v). It was then incubated at the same 156 

condition for 10 h, reaching OD600 at 1.5. The viability of the yeast cells was observed by cell 157 

count using the counting chamber, and at this absorbance, the cells reached 5 × 107 cells/mL. 158 

The yeast culture broth was withdrawn 10% (v/v) and transferred into a 90 mL fermentation 159 

medium.  160 

2.5. Fermentation and bioethanol production 161 

The fermentation for bioethanol production was performed by using the filtrate from 162 
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the hydrolysis results as the substrate. The pH of the filtrates was adjusted to 4.5 by adding 6M 163 

NaOH solution. After pH adjustment, 0.5% (w/v) (NH4)2SO4 was added, and the mixture was 164 

pasteurized at 80 °C for 15 min. Next, the substrates (90 mL filtrates) were prepared with 165 

various treatments in the fermentation process, as shown in Table 1. Then, the filtrates' 166 

fermentation was performed at room temperature (30 ± 2 °C) on a rotary shaker at 150 rpm for 167 

7 days. The ethanol was then distilled using the reflux column method on the batch distillation 168 

initiated at constant reflux (reflux ratio 2). After the unit temperatures stabilized at a stationary 169 

state, the distillate samples were removed consecutively and continued until the ethanol was 170 

exhausted.  The bioethanol concentration was measured by an alcohol meter. The data were 171 

presented as the mean of triplicates, and at least three parallel samples were applied in all 172 

analytical determinations.  173 

2.6. Formulation of bioethanol gels 174 

Carboxymethylcellulose (CMC) was used as the thickener agent. Three CMC 175 

concentrations (2.5%, 3.5%, and 4.5%) were prepared by mixing with distilled water and 176 

stirred continuously to reach boiling point. After boiling, the mixture was let to cool down to 177 

60 °C. Then, CMC was mixed with bioethanol derived from the production and stirred for 4-6 178 

h using a magnetic stirrer. After stirring, the mixture was rest overnight.  179 

2.7. Characteristics test of bioethanol gels 180 

Bioethanol gel was measured for its viscosity using viscometer spindle no 1 181 

(Brookfield, model DVII, Engineering Lab, Middleboro, MA). The viscosity of sols was 182 

measured using Brookfield viscometer (model DVII, Engineering Laboratories, Middleboro, 183 

MA) at room temperature and 20 rpm. The calorific value of bioethanol gel was measured 184 

using a calorimeter (Oxygen Bomb Calorimeter 6200, Paar, MO, USA). Then, the combustion 185 

test was performed to observe the burning time of the bioethanol gel. Ash content, fire color, 186 
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and residues were observed during and after burning. The measurement experiment was carried 187 

out in triplicate.  188 

3. Results and discussion 189 

3.1. Chemical characteristics of cassava-based industrial wastes  190 

The chemical composition of cassava peels and cassava pomace were analyzed and 191 

summarized in Table 2. The non-starch polysaccharide in cassava peels and cassava pomace 192 

are fibers, cellulose, hemicelluloses, and lignin (Djuma’ali et al., 2011). Cassava peels contain 193 

higher fibers and other components compared to cassava pomace. The high fibers component 194 

in cassava peels (65.4%) represents that the factory used aged cassava since fibers will increase 195 

following the age of the plant. The fiber components, including cellulose and hemicellulose, 196 

increase cassava-based wastes' capacity to absorb and hold water, resulting in high moisture 197 

content at nearly 50% and 60% in cassava pomace and cassava peels, respectively. Besides, 198 

cellulose and hemicellulose of cassava pomace were a little lower in this study than those 199 

previously reported (35.9%), but the lignin was commonly found in this level (2.8 ± 0.2%) 200 

(Kosugi et al., 2009; Rattanachomsri et al., 2009). Starch was the main polysaccharide in 201 

cassava pomace (more than 60% of dry matter). The drying as the preservation method prevents 202 

the gelatinization process, thus retaining the physical characteristics of starch, hemicelluloses, 203 

and lignin (Salvador et al., 2000).  The ash substances of the waste were low, which supports 204 

easy hydrolysis (Djuma’ali, 2011). However, the lignin in cassava peels was high (17.3%), and 205 

this is the challenge in the step of delignification. 206 

3.2. Pretreatment and saccharification of cassava-based industrial wastes 207 

Several alternative substrates from various wastes could be utilized for bioethanol 208 

production, including starchy wastes and lignocellulosic biomass to take care of the residues 209 

in an environmentally sustainable process (Gutiérrez-Rivera et al., 2012; Ishola et al., 2014). 210 

Cassava-based industrial wastes, including cassava pulp, cassava pomace, and cassava peels, 211 
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have been utilized as the alternative sources of starchy wastes for bioethanol production using 212 

fermentation technique due to its small lignocellulosic fibers’ size and high starch content. 213 

Cassava peels and onggok contain sugars in the form of polysaccharides (starch, lignocellulose, 214 

hemicellulose), which are needed to be converted to simple sugars (glucose, maltose, or 215 

cellobiose). The conversion will allow the yeast to utilize the nutrients efficiently and transform 216 

them into bioethanol effectively. 217 

Various pretreatments of lignocellulosic biomass have different effects, and lignin 218 

could be removed effectively in alkaline conditions (Steinbach et al., 2017). The composition 219 

of lignin in cassava-based industrial wastes was relatively low, especially in cassava pomace. 220 

Based on Table 3, the lignin content in the product was sharply reduced, with lignin removal 221 

efficiency at 80.9% in cassava peels and 73.6% in cassava pomace. Lignin is a large and 222 

complex structure present in the primary cell wall with cross-linked polymers of phenolic 223 

monomers, preventing the hydrolysis process (Pérez et al., 2002). In this study, physical 224 

grinding, heating, and stirring the biomass in an alkaline hydrolysis pretreatment process 225 

effectively enhanced lignin removal. Grinding has the purpose of reducing the cellulose 226 

crystallinity to improve biomass digestibility, whereas base hydrolysis utilizes lower 227 

temperatures and pressures compared to other pretreatment technologies (Mosier et al., 2005). 228 

Also, the alkaline pretreatment causes less sugar degradation compared to the acid processes. 229 

However, some lignin remains in the solids phase after the pretreatment, but this method is still 230 

regarded as potential since it promises cost-effective lignin pretreatment (Kumar et al., 2009).  231 

The pretreatment and hydrolysis aimed to obtain sugars in the form of glucose or 232 

disaccharides. The saccharification process of cassava peels and onggok produced reducing 233 

sugars for further application in the fermentation process. After the hydrolysis process of 234 

cassava peels and cassava pomace were performed, the filtrates were evaluated for reducing 235 

sugar concentration (g/L).  Based on Table 4, the pretreatment and hydrolysis significantly 236 
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affected the reducing sugar yield at 0.79 g/g dry cassava peels and 0.68 g/g onggok. 237 

Pretreatment and hydrolysis processes increased reducing sugar concentration compared to the 238 

initial concentration, as shown in Table 4. The initial reducing sugars after delignification of 239 

cassava peels and cassava pomace using alkaline solution were less than 6%. After acid 240 

hydrolysis, the reducing sugars increased up to 10%. Acids such as HCl and H2SO4 have been 241 

used for the hydrolysis of lignocellulosic materials. Acids are powerful agents but need dilution 242 

to reduce their toxicity, corrosive, and hazardous effects (Kumar, 2009). Dilute-acid 243 

pretreatment can improve the digestion of cellulose in some research, but the neutralization of 244 

pH is necessary when the enzymatic hydrolysis process is needed. 245 

Similarly, the acid hydrolysis of cassava peels was performed with 7% HCl, and the 246 

degradation of hemicellulose and cellulose was effective (Widyastuti, 2019). Also, the acid 247 

hydrolysis of cassava pulp with H2SO4 for 30 min and followed by cellulase saccharification 248 

at 40 °C for 9 h resulted in glucose at 79.8% (w/w) (Akaracharanya et al., 2011). The purpose 249 

of hydrolysis is to obtain glucose where the H+ group of HCl will change the fiber from the 250 

biomass to the free radical group, bind with the OH- group of the water molecule, and produce 251 

glucose. The amount of glucose produced depends on the concentration of the chemical used. 252 

However, the hydrolysis process would have been incomplete and leaving some lignocellulose 253 

components in the biomass with high crystallinity. In this research, the concentration of soluble 254 

sugars in the filtrate was still moderate, with glucose is the most soluble sugar, and the filtrate 255 

might contain unknown sugars, xylose, cellobiose, or maltose (Kongkiattikajorn & 256 

Sornvoraweatn, 2011).  257 

3.3. Bioconversion of sugars from cassava-based industrial wastes to bioethanol 258 

The fermentation treatments by varying the substrate composition occurred for 7 days, 259 

resulting in Treatment 5 (T5) reached the highest bioethanol yield at 35%, whereas the 260 

bioethanol concentration before the distillation process was at 25.85%, as shown in Table 5. 261 
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This result is in line with the previous research of bioethanol synthesis, which produced 262 

maximum bioethanol from red seaweed for 5-7 days (Candra et al., 2011). Similarly, another 263 

experiment using cassava peels as the carbohydrate source for bioethanol production was 264 

performed using S. cerevisiae with the highest ethanol production at 6% with 8 days 265 

fermentation time (Guntama et al., 2019). A shorter fermentation period was achieved in 266 

bioethanol production using cassava bagasse with enzymatic hydrolysis followed by 267 

fermentation and distillation, which was performed for only 24 h, and the average ethanol yield 268 

was relatively high at 30% (Martinez et al., 2018).  269 

In this research, bioethanol production from cassava-based industrial wastes in various 270 

treatments for seven days was performed, and the method of batch distillation with a reflux 271 

column showed significant results. The reflux column distillation was significantly improved 272 

the bioethanol concentration. Also, the batch distillation method of separating bioethanol from 273 

the mixture was performed. The results showed that the method was effectively enhanced 274 

bioethanol concentration. The separation aimed to remove the impurities obtained from the 275 

fermentation process, affecting the quality of the bioethanol product. Bioethanol must meet the 276 

standard of ethanol quality regarding the use of bioethanol for bio gel formulation. Also, the 277 

consideration of all production stages must be performed to calculate and reduce bioethanol 278 

production costs. The choice of the distillation method with low-energy consumption for its 279 

unit operation was presented in this research. The conventional distillation process has 280 

approximately 5-20% in total thermodynamic efficiency (De Koeijer & Kjelstrup, 2000).  281 

On the other hand, the batch distillation using a single column employed in this research 282 

was feasible and appropriate for bioethanol production in a small production unit compared to 283 

the conventional distillation method. A low-cost ethanol recovery from banana culture waste 284 

using the reflux ratio at 2 in a batch distillation unit gave the maximum ethanol concentration 285 

at 67% (Coelho et al., 2012). Reflux is widely used in industries that use large-scale distillation 286 
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columns and fractionators. Reflux refers to the portion of the overhead liquid product from the 287 

distillation column returned to the top of the column. The downflowing fluid reflux in the 288 

column provides cooling and condensation of the upflowing vapor, increasing the distillation 289 

column's efficiency. This reflux column distillation technique is the same as simple distillation, 290 

only differs in the repeated condensation process. 291 

As shown in Figure 1, all treatments showed efficacy in bioethanol production, reaching 292 

a minimum bioethanol concentration at 55% and maximum at 93%. Treatment 5 (T5) and 293 

treatment 6 (T6) are significantly higher than other treatments, achieving 93% and 90%, 294 

respectively. The addition of starter culture on the day of fermentation (0 h) affected bioethanol 295 

production since yeast's growth was in the mid-log phase or ready to convert simple sugars to 296 

bioethanol in the filtrate medium. The starter culture can produce high quality and optimum 297 

bioethanol yield with consistency and may facilitate bioethanol industrial production 298 

(Luangkhlaypho et al., 2014). In this research, S. cerevisiae IPA1 used was a defined starter 299 

culture obtained from a traditional bioethanol industry in Central Java, Indonesia. S. cerevisiae 300 

is defined as one of the widely used yeast strains, and even though it is at a household level, it 301 

could produce ethanol as the primary fermentation product. Various physiological 302 

characteristics, including generally regarded as safe (GRAS) for human consumption, its 303 

tolerance to a wide range of pH and optimum at acidic pH, also it is high tolerance the ethanol 304 

products make S. cerevisiae is advantageous and superior (Lin et al., 2014; Ortiz-Muñiz et al., 305 

2010; Prasertwasu et al., 2014). S. cerevisiae grows well over a wide range of pH but grows 306 

better in acidic pH due to its ability to neutralize added H+ to maintain pH homeostasis in acid 307 

stress (Chen et al., 2009). The buffering mechanism could help the cells to accommodate the 308 

rapid intracellular pH adjustment (Brandão et al., 2014). Cassava peels gave higher bioethanol 309 

at 16% after 7 days of fermentation mediated by S. cerevisiae (Isah et al., 2019). S. cerevisiae 310 

BY4743 was employed in the ethanol fermentation process using the hydrolysate from cassava 311 
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peels for 36 h, and it gave an ethanol yield of 0.53 g/g suggesting the cassava peels waste 312 

potential for bioethanol production (Aruwajoye et al., 2020). 313 

3.4. The viscosity of bioethanol gels 314 

Bioethanol products from various treatments were subjected to bioethanol gel 315 

formulation by mixing it with various carboxymethylcellulose (CMC) concentrations at 2.5%, 316 

3.5%, and 4.5% (w/v). The results of the viscosity value determination are shown in Table 6.  317 

According to Table 6, the higher the CMC concentration, the viscosity level of the 318 

bioethanol gel was also higher. In this study, the highest viscosity value was achieved by adding 319 

4.5% CMC in Treatment 5 (T5) at 1.338 mPa.s and the lowest value at 586 mPa.s in T2 with 320 

2.5% CMC added. The CMC level is inversely proportional to the water content used, which 321 

caused the increase in bioethanol gel viscosity. The higher the viscosity value of a solution, the 322 

higher the thickness. A high CMC concentration is needed to improve low bioethanol 323 

concentration due to the excessive water content in bioethanol products.  324 

Carboxymethyl cellulose (CMC) plays an essential role as a thickener agent (Santoso 325 

et al., 2018). CMC is a linear cellulose polymer ether. It is a biodegradable, colorless, odorless, 326 

and non-toxic emulsifier agent in the form of granules or powder that dissolves in water. It 327 

does not dissolve in organic solutions with a pH range of 6.5 to 8.0 and stable in the pH range 328 

2–10. It can react with heavy metal salts to form an insoluble film in water, transparent, and 329 

not react with organic compounds. CMC is widely used in food, chemistry, petroleum, paper 330 

making, textiles, and building materials to form subtle textures. The viscosity of CMC can 331 

decrease with increasing ionic strength and decrease pH due to its polymer structure (Ariyani, 332 

2013; Candido & Gonçalves, 2016; Santoso, 2018; X. H. Yang & Zhu, 2007). CMC and 333 

carbopol are often used to effectively formulate bioethanol gels to improve their viscosity 334 

(Ariyani, 2013). CMC gave better characteristics in a bioethanol gel formulation, such as 335 

burning time, ash content, calorific value, and specific gravity compared to other samples using 336 
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other thickening agents such as carbopol, and the price is considered more economical (Hanun 337 

& Sutjahjo, 2018). 338 

3.5. The calorific value of bioethanol gels 339 

The calorific value of bioethanol gels of all treatments with various 340 

carboxymethylcellulose (CMC) concentrations was measured, and the results are presented in 341 

Figure 2.  342 

The addition of CMC concentration and the high concentration of bioethanol gels can 343 

increase the calorific value. Bioethanol concentration in treatment 5 (T5) was 92%, whereas 344 

T6 was 90%, significantly gave the highest calorific value at more than 5000 kcal/kg. Besides, 345 

the calorific value also has a relationship with water content. High and low heat levels are very 346 

much influenced by water content. The low water content will be inversely proportional to the 347 

heat content produced in bioethanol gel testing (Ariyani, 2013; Hanun, 2018; X. H. Yang, 348 

2007). Carbon and hydrogen in CMC can increase bioethanol gels' calorific value, where 349 

burning requires carbon to react with oxygen to produce heat. The carbon bonds in the fuel are 350 

mostly obtained from ethanol and CMC. Therefore, the higher the CMC concentration 351 

increased the heating value. This result is in line with the optimization results performed to 352 

obtain a high calorific value at more than 7000 kcal/kg of bioethanol gels by adding 2.5 g CMC 353 

to 96% bioethanol (Hermawan, 2018).  354 

3.6. Burning time, color, and residue of bioethanol gels  355 

The bioethanol gels were analyzed for burning time, color during burning, and residues 356 

left after burning. The results of the analysis are shown in Table 6.  357 

Based on the results of the analysis with a bioethanol gel weight of 250 g, it can be seen 358 

that all treatments could ignite for a long time of about 180 minutes in treatment 5, 6, and 7 359 

(T5, T6, T7). The flame color of the bioethanol gel burning was blue, and there was no 360 

relationship between carboxymethylcellulose concentration with flame color. However, CMC 361 
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concentration affected the burning time due to the properties of CMC that bind to bioethanol. 362 

Bioethanol is a volatile compound, and when the vapor is mixed with oxygen, it could form a 363 

flammable mixture. Therefore, the higher the bioethanol concentration, the faster it evaporates 364 

into the air, and the combustibility is higher and faster. The presence of a CMC and water is 365 

the critical factor for a longer burning time. CMC holds the rate of bioethanol evaporation since 366 

it is trapped in the CMC and released slowly. The bioethanol gel combustion ability depends 367 

on bioethanol concentration and thickening agent used, and environmental factors. The 368 

environmental factors include the availability of a surface to evaporate bioethanol, temperature, 369 

vapor flow rate to the combustion area, and the oxygen around the combustion area (Ariyani, 370 

2013; Hermawan, 2018). The results of this research show that CMC could dissolve perfectly 371 

into bioethanol and water. In a bioethanol gel stove, the stove inlet diameter can affect the 372 

burning performance (Hermawan, 2018). The ash content determination was carried out to 373 

observe residue production. As shown in Table 4, the residues after burning the bioethanol gels 374 

were low to moderately produced. The ash content analysis result is presented in Figure 3. 375 

The ash content in various samples with each treatment showed significant results. The 376 

addition of a different CMC concentration gave the significant effect of burning the bioethanol 377 

gel produced. As presented in Figure 3, the increase in the CMC concentration of each 378 

treatment is proportional to the increase in ash content. The non-flammable chemical nature of 379 

CMC causes residual combustion. The ash content in all bioethanol gels combustion treatments 380 

shows a good result of less than 5%. Therefore, this bioethanol gel formula can be further 381 

applied in heating as a household fuel.  382 

4. Conclusion 383 

Cassava-based industrial wastes, including cassava peels and cassava pomace 384 

(onggok), are rich in lignocellulosic biomass, which was effective as the source of sugars 385 

bioethanol production. Alkaline delignification and acid hydrolysis processes in cassava-based 386 
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industrial wastes indicated a practical breakdown of lignocellulosic materials as 387 

saccharification converted it to sugars at 0.79 g/g dry cassava peels and 0.68 g/g onggok. The 388 

fermentation process using local strain Saccharomyces cerevisiae IPA1 effectively 389 

transformed wastes to bioethanol at conversion efficiency at 86% with 35% bioethanol yield, 390 

resulting in 25% of bioethanol concentration fermentation. The reflux column batch distillation 391 

could effectively increase the bioethanol yield and concentration up to 92%. Carboxymethyl 392 

cellulose was effectively enhanced the viscosity value of the bioethanol gels to 1.338 mPa.s. 393 

Also, the lower the water content caused each sample to have a higher heating value. All 394 

treatments effectively ignited the fire with a maximum duration of up to 184 min, and the 395 

increase in CMC in each treatment was proportional to the increase in ash content. However, 396 

all treatments showed less than 5% ash content. These results suggested that the cassava-based 397 

industrial wastes is potential for bioethanol gel production in both small scale (traditional 398 

method) and large scale (industrial method) with further application as a household cookstove 399 

fuel.  400 
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