
Palupi et al. (2020): Bioethanol from tobacco industrial waste   May 2020 Vol. 23 Issue 8 

 

 

Annals of Tropical Medicine & Public Health. DOI: http://doi.org/10.36295/ASRO.2020.2384 May 2020 
 

 

 

Bioethanol used as topical antiseptics: Pretreatment optimization of bioethanol 

production from tobacco industrial waste  
Bekti Palupi1, Boy Arief Fachri1, Istiqomah Rahmawati1, Ari Susanti1, Felix Arie Setiawan1, 

Praptiningsih Gamawati Adinurani2, Maizirwan Mel3 

 

 

1Department of Chemical Engineering, University of Jember, Indonesia 
2Department of Agrotechnology, Merdeka University of Madiun, Indonesia 
3Department of Biotechnology Engineering, International Islamic University Malaysia, Malaysia 

 
Corresponding author: 

Bekti Palupi (bekti.palupi@unej.ac.id) 

 

Abstract: 
Bioethanol can be used for biosolvents and antiseptics material in the pharmaceutical industry. With the abundance 

of tobacco production in Jember, East Java, Indonesia, tobacco stalks become a promising biomass raw material 

for bioethanol. The purpose of this study was to determine the effect of temperature on the pretreatment process of 

bioethanol production. Settings and Design of this study using Conventional pretreatment with batch system. The 

materials used in this study include industrial tobacco waste, HCl, H2SO4, aquadest, filter paper, and aluminum 

foil. The pretreatment method used is chemical methods. The effect of pretreatment temperature was analyzed on 

the pretreatment process for the optimization of bioethanol production. Statistical analysis used a percentage 

frequency distribution. The test results of cellulose with H2SO4 solvents are 6.99 % at temperature 100 °C, 6.60 % 

at temperature 120 °C, and 4.47 % at temperature 140 °C. The test results of cellulose with HCl solvents are     

6.00 % at temperature 100 °C, 6.23 % at temperature 120 °C, and 5.66 % at temperature 140 °C. Conclusions of 

this study, the optimum temperature in the pretreatment process with H2SO4 for the temperature range 100 °C to 

140 °C is 100 °C, with the cellulose content produced as much as 6.99 %. The optimum temperature in the 

pretreatment process with HCl for the temperature range 100 °C to 140 °C is 120  °C, with the cellulose content 

produced as much as 6.23 %. 
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Introduction 

Bioethanol is an option because it is environmentally friendly and its raw materials derived from bioresources are 

abundantly available in Indonesia. Bioethanol has been developed up to the 4th generation. First generation 

bioethanol uses raw materials of sugar cane and cassava starch, the second generation comes from biomass 

containing cellulose, the third generation is made from algae, and the fourth generation is produced from 

transgenic biomass (1). In Indonesia, bioethanol currently being developed is 1st and 2nd generation. Raw materials 

for the first generation of bioethanol compete with foodstuffs so that 2nd generation of bioethanol is the solution to 

the problem. The second generation of bioethanol can be developed from water hyacinth, rice straw, sugar cane 

bagasse, oil palm bunches skin, sweet orange peel, and other biomass wastes. One of the biomass raw materials 

that can be utilized for bioethanol production is the tobacco industry waste (2). Indonesia is a country with an 

abundance of bioresources, both from agriculture and plantations. One of the abundant bioresources of plantations 

in Indonesia is tobacco. The biggest contributor to tobacco production in Indonesia is East Java Province, 

including Jember Regency. Based on 2017 Indonesian Plantation Statistics, tobacco production in Jember is     

3.949 t. With the abundance of tobacco sources, there are many tobacco industries in the Jember region. The 

production process in the tobacco industry produces tobacco stalks as waste because what is used for production is 

the part of the leaves. At present, the issue of waste and environmental pollution is a concern. Tobacco industries 

are expected to be able to handle waste without polluting the surrounding environment. One effort that can be done 

to deal with tobacco industry waste is to convert tobacco industry waste into bioethanol so that it has added value 
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and can be an alternative topical antiseptic. Utilization of tobacco industry waste for bioethanol raw material is 

included in the category of development of the 2nd generation of bioethanol. The second generation of bioethanol 

production sourced from biomass waste is a solution from the 1st generation that uses food as raw material. Topical 

antiseptics are widely used by health professionals in hospitals, clinics, health centers, doctor’s offices, outpatient 

hospitals, nursing homes, the health industry, the chemical industry, and the food industry. Antiseptics contain 

various active ingredients, including ethanol (3–7). The use of antiseptics is a standard operating procedure for these 

industries (8). Ethanol–based topical antiseptics, usually called Alcohol–Based Hand Sanitizers (ABHS), are 

routinely used as skin hygiene standards to reduce the presence of living bacteria on the skin and are part of 

hygiene procedures in the health care department (9). Today, antiseptics are an important part of medical treatment. 

In all medical fields such as wound treatment, treatment of burns, prophylaxis before surgery, and diagnostic 

procedures skin disinfectants are routinely used (10). Topical antiseptics are antimicrobial agents that can kill or 

reduce the number of microorganisms (11). However, they have commonly used on wounds to prevent or treat 

infection (12), the benefits of antiseptic fluid irrigation have received little scientific study (13). The safety of the use 

from topical ethanol antiseptics is still a scientific debate. Many researchers have shown that skin damage is 

caused by alcohol use, a detrimental effect on some internal organs such as the liver, central nervous system, and 

other body systems (14). On the other hand, many researchers say that the use of topical antiseptics is                    

safe (15–19). The process of bioethanol production from tobacco industry waste through several stages of the process. 

In general, the process of making bioethanol includes pretreatment, hydrolysis, fermentation, and distillation. The 

biomass pretreatment stage aims to separate lignin, cellulose, and hemicellulose before being processed at the next 

stage (20–21). The results of the optimal separation of cellulose from lignin are expected to produce optimal 

bioethanol production as well. The stage of pretreatment from tobacco industry waste is one of the important 

stages because it will affect the result of bioethanol production (22–23). Therefore, this study will optimize the 

chemical pretreatment method to separate lignin, cellulose, and hemicellulose. Chemical method pretreatment was 

chosen because it has several advantages compared to other methods such as low cost, available material, fast time, 

and does not require large energy. 

  

 

Materials and methods 

Materials: 

The materials used in this study include industrial tobacco waste, HCl, H2SO4, aquadest, filter paper, and 

aluminum foil. 

 

Metods: 

Sample Preparation 

Sample preparation includes biomass raw materials derived from industrial tobacco waste are mashed first with a 

chopper. After being smoothed, the raw material is sifted with a 60 mesh sieve so that a uniform size is obtained. 

Then, weigh the raw materials. The last step on sample preparation is dried the raw material in an oven for 1 h at a 

temperature of 60 °C to 70 °C. 

 

Pretreatment with Chemical Methods 

Pretreatment is carried out by put 1 g of sample into a glass beaker and soak it with 10 mL 4 % HCl. After that, 

heat in temperatures of 100 °C, 120 °C, and 140 °C for 30 min. Analysis of lignin, cellulose, and hemicellulose in 

the sample so that the optimum temperature is obtained. Repeat steps one to three for pretreatment with                  

4 % H2SO4. 

 

Analysis of Lignin, Cellulose, and Hemicellulose 

Analysis of lignin, cellulose, and hemicellulose was carried out by the Chesson method. The test methods were 

added 150 mL of distilled water 1 g to 2 g of dry sample (weight a) and heated at 100 °C for 2 hr. Filtered with 

filter paper and residues rinsed with distilled water. The residue is then dried in an oven until the weight is constant 

and then weighed (weight b). The residue was added with 150 mL of 1N H2SO4, then refluxed with a water bath 

for 1 h at 100 °C. The results are filtered and examined until neutral, and the residue is dried until the weight is 

constant. Weight weighed (weight c). Dry residue added 100 mL of 72 % H2SO4 and soaked at room temperature 

for 4 h. Added 150 mL of 1N H2SO4 and refluxed at 100 °C with a water bath for 2 h. The residue is filtered and 

washed with distilled water until it is neutral. The residue is then heated in an oven with a temperature of 105  °C 

until it is constant weight and weighed (weight d). Then the residue is ignored by heating at a temperature of       

600 °C for 4 h to 6 h and weighed (weight e). 
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After testing the following procedure, the levels of lignin, cellulose, and hemicellulose can be calculated using the 

following formula (1);(2);(3): 

 

     

% 100 ×
a

ed −

      

     

% 100 ×
a

dc −

        

       

% 100 ×
a

cb −

       
 

Data analysis: 

To find out the optimum temperature, the results of pretreatment (cellulose) vs. temperature were graphed. The 

optimum temperature can be seen from the optimum pretreatment results. 

 

Results 

Tobacco stem waste is obtained from PT Mangli Djaya Raya and Farmer’s Group of Karunia Tembakau in 

Jember, Indonesia. The tobacco stalks that has been obtained is then crushed and dried. The crushed sample is then 

smoothed and uniformized using a 60 mesh size sieve. The results of the sieve can be seen in figure 1 as follows. 

 

 
Figure 1. Sample size 60 mesh 

 

The sample is then heated at 60 °C for 1 h to remove the water content that is still present in the sample. The 

sample can be seen in figure 2. 

 

 
Figure 2. Sample after in the oven 

 

Pretreatment: 

The earliest stages of the bioethanol production process from biomass are pretreatment. The objectives of the 

pretreatment process on bioethanol production are (i) to reduce the size of material in physical terms (24),                             

(ii) providing exposure to components (hemicellulose, cellulose, lignin) before the hydrolysis process (25),                              

(iii) providing better access to hydrolysis for enzymes to hydrolyze carbohydrates into fermentable sugars in the 

next enzymatic hydrolysis method (26) and (iv) reduction in the degree of crystallinity of the cellulose matrix (27). 

One method that is often used in pretreatment processes is the chemical method. The type of acid that is often used 

for chemical methods pretreatment are H2SO4, HCl, and HNO3 (28). The purpose of the pretreatment process is to 

break down the lignin structure and change the crystal structure of cellulose so that acids or enzymes can easily 

hydrolyze cellulose (29). Comparison of biomass structures before and after pretreatment can be seen in figure 3. 

From figure 3 it is clear that lignin, cellulose, and hemicellulose are bound to one another, so pretreatment is 

needed to break the bond. 

 

(1) 

(1) 

(2) 

(3) 
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Figure 3. Biomass before and after pretreatment (29) 

 

The main constituents of tobacco stalk are lignin, cellulose, and hemicellulose. Cellulose is a polymer that will be 

hydrolyzed into alcohol. In this study, the pretreatment process of tobacco stems was carried out using chemical 

methods. To obtain optimal pretreatment results, a sample comparison is used: an acid solution is 1 g 10 mL -1 (30). 

The acid solutions used were H2SO4 and HCl 4 % (31). Samples that have been pretreated with H2SO4 and HCl can 

be seen in figure 4 and figure 5. 

 

 
Figure 4. Pretreatment with H2SO4 

 

 
Figure 5. Pretreatment with HCl 

 

Lignin, cellulose and hemicellulose test results: 

Testing of lignin, cellulose, and hemicellulose using the Chesson method. The testing process was carried out at 

the Bioscience Laboratory of State Polytechnic of Jember. The test results of lignin, cellulose, and hemicellulose 

with H2SO4 solvents can be seen in table 1, while the test of lignin, cellulose, and hemicellulose with HCl solvents 

can be seen in table 2. 

 

Table 1. Lignin, cellulose, and hemicellulose test results with H2SO4 

Temperature (°C) Lignin (%) Cellulosa (%) Hemicellulose (%) 

100 3.84 6.99 2.84 

120 2.42 6.60 4.37 

140 2.57 4.47 3.66 

 

Table 2. Lignin, cellulose, and hemicellulose test results with HCl 

Temperature (°C) Lignin (%) Cellulosa (%) Hemicellulose (%) 

100 3.26 6.00 4.04 

120 2.76 6.23 3.49 

140 3.64 5.66 3.20 

 

Discussion 

Pretreatment for biomass is generally carried out in the temperature range 100 °C to 140 °C[32]. Acid pretreatment 

can be carried out at high temperatures >160 °C and low temperatures <160 °C[29]. The effect of temperature on 

cellulose produced with 4 % H2SO4 acid solvent can be seen in Figure 6. Based on Table 1, the highest cellulose 
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content at 100 °C is 6.99 %. When the temperature was raised to 120 °C, the cellulose level decreased to 6.60 %. 

When the temperature was raised again to 140 °C, the cellulose level decreased to 4.47 %. Therefore, the optimum 

pretreatment temperature with 4 % H2SO4 in this study was reached at 100 °C. 

 

 
Figure 6. Graph of temperature vs cellulose with H2SO4 pretreatment 

 

Based on table 1 shows that an increase in temperature indicates a decrease in the amount of lignin and cellulose 

using sulfuric acid pretreatment method. This condition was analyzed because the magnitude of the acid strength 

of sulfuric acid (Ka1 1×103 and Ka2 1×10–2) increased temperature instead causing a side reaction namely 

hydrolysis of cellulose. The magnitude of the temperature will result in greater energy possessed by H2SO4 

molecules where this condition is by the Arrhenius Equation. The amount of energy possessed by H2SO4 coupled 

with high acid strength will initiate the pretreatment process better coupled with the presence of side reactions 

namely the occurrence of the cellulose hydrolysis reaction it self. The Arrhenius Equation is as follows        

(formula 4): 

            

   Ae RT

Ea

k
−

=
        (4) 

 

(k = the rate constant, A = the frequency factor, Ea = the activation energy, R = the gas constant, and T = the 

reaction temperature). 

 

The effect of temperature on cellulose content with 4 % HCl can be seen in Fig. 7. The pretreatment process with  

4 % HCl at 100 °C resulted in cellulose content of 6.00 %. Cellulose content increased to 6.23 % when the 

temperature was raised to 120 °C, but decreased to 5.66 % when the temperature was raised to 140 °C. Thus, the 

optimum temperature in the pretreatment process with 4 % HCl is 120 °C.  

 

 
Figure 7. Graph of temperature vs cellulose with HCl pretreatment. 

 

Based on table 2 shows that at a temperature of 100 °C, the pretreatment conditions were not optimal as indicated 

by the magnitude of lignin levels and small cellulose levels. This is because even though the acid strength of acetic 

acid is high (1.3×106), HCl is only able to ionize H+ ions once. So that with the same volume of addition as the 

pretreatment method using H2SO4, higher energy is needed to produce optimum conditions from the pretreatment 

process. The amount of energy needed in the process will be proportional to the amount of temperature involved 
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during the process. This condition is by the Arrhenius equation where the amount of energy needed during the 

chemical reaction process is proportional to the temperature involved during the process. The greater the 

temperature involved during the pretreatment process it turns out that the pretreatment condition is not optimal. 

This is indicated at temperatures of 140 °C where the amount of cellulose is significantly reduced. This is because 

of the magnitude of the temperature results in the high energy possessed by the molecule HCl so that the reaction 

does not only occur between lignin and HCl but also cellulose with HCl. 

 

Conclusions 

The conclusions obtained from this study are: 

i. The optimum temperature in the pretreatment process with H2SO4 for the temperature range 100 °C to 

140 °C is 100 °C, with the cellulose content produced as much as 6.99 %. 

ii. The optimum temperature in the pretreatment process with HCl for the temperature range 100  °C to       

140 °C is 120 °C, with the cellulose content produced as much as 6.23 %. 
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