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ABSTRACT 

 Excessive use of fossil fuels results in the rapid depletion of non-renewable fossil energy 

resources, a rise in fuel cost, and an uncontrolled emission of greenhouse gases which causes a 

severe threat to the environment. Bio-fuels are being scrutinized as substitutes for current high-

pollutant fuels obtained from conventional sources. To meet the global demands, it becomes 

necessary to find an alternate source of fuel which is bioethanol. 

          In this work, a strategy to promote ethanol production from Leftover Cooked Rice (LCR) by 

comparing the different types of hydrolysis was proposed. Process integration comprised of 

mechanical pretreatment of the leftover cooked rice followed by hydrolysis which was then 

followed by fermentation. The food wastes of weight 50g taken in each of the 3 fermenters were 

subjected to acid hydrolysis, enzyme hydrolysis, and combined hydrolysis respectively. 

Commercially available Baker’s yeast (Saccharomyces cerevisiae) was used for the fermentation 

process. The fermented samples were subjected to distillation to separate the bioethanol from them. 

The amount of bioethanol obtained from combined hydrolysis, acid hydrolysis, and enzyme 

hydrolysis was 400ml, 150ml, and 350ml respectively. Qualitative analysis of ethanol was done by 

using the Jones reagent. Hence, bioethanol can be produced from leftover cooked rice using the 

yeast Saccharomyces cerevisiae. 

Keywords: bioethanol, leftover cooked rice, hydrolysis, Saccharomyces cerevisiae, qualitative 

analysis.   



 

 

 

1. Introduction 

Bio-fuel has been an energy source for human beings since ancient times. Excessive utilization of 

fossil fuels results in the rapid depletion of non-renewable fossil energy resources, a rise in fuel 

cost, and an uncontrolled emission of greenhouse gases, which causes a severe threat to the 

environment. This critical state has made it necessary to explore the substitutes for the high-

pollutant fuels obtained from  conventional sources. To meet the global energy demands, it becomes 

necessary to find an alternate source of fuel which is bioethanol.  

The bioethanol that is produced from agricultural residues and forest residues is termed second-

generation (2G) ethanol whereas the first-generation ethanol is produced from sucrose which is the 

juice extracted from sugarcane, sugarbeet, or sorghum [1]. Since the demand for food is not yet 

satisfied, second-generation ethanol production has gained more interest since these biofuels are 

produced from agricultural residues and waste biomass. The bioethanol produced from the waste 

emits a low amount of greenhouse gases when compared to conventional fuels [2].  The processes 

that are involved in bioethanol production are: pretreatment, hydrolysis, fermentation, and 

distillation 

In Asia, rice is considered one of the important staple foods. Rice is wasted more than any other 

food and it accounts for 34% of the total wasted food [3]. The leftover cooked rice is rich in 

carbohydrates and therefore, it is considered a good feedstock for bioethanol production [4]. Starch 

in cooked rice is formed of glucose called amylase and amylopectin. 

The main objective of the pretreatment is to rupture the lignin structure to enhance the ease of 

access of enzyme to the cellulose during the hydrolysis [5-8]. The natural structure of the 

lignocellulosic material cannot be affected efficiently by enzymatic hydrolysis. Therefore, the 

pretreatment step is essential for efficient hydrolysis of cellulose by removal of lignin and 

hemicelluloses, and reduction of the crystalline structure of cellulose.  

Hydrolysis is the process where the cellulosic feedstocks are converted to ethanol [9]. Dilute acid 

hydrolysis is used to degrade the hemicelluloses which improves the enzymatic hydrolysis of 



 

 

 

cellulose and also help in weakening the glycosidic bond in the hemicelluloses and lignin-

hemicellulose bond and lignin bond [10]. Enzyme hydrolysis is used to convert cellulose to glucose 

with the help of cellulose enzymes. Its efficiency is dependent on enzyme loading, lignin removal, 

and the duration of the process [11]. 

Fermentation process was carried out by using the dry yeast available commercially and is also 

known as Saccharomyces cerevisiae [12]. This was chosen because of its increased ethanol 

productivity and can withstand high concentrations of ethanol. It can also withstand a wide range of 

pH which in turn protects the substrate from infection [12, 13]. The process that takes place in 

ethanol production is explained through the equation. 

C6H12O6 (Glucose) → 2CH3CHO (Acetaldehyde) +  2CO2  → 2C2H5OH (Ethanol) 

The present study aimed at producing bioethanol from the leftover cooked rice by finding the 

optimum hydrolysis process and also aimed at analyzing the bioethanol qualitatively.  

2. Materials and methods 

2.1. Feedstock preparation 

The leftover cooked rice for the study was collected from the hostel of the Government College of 

Technology, Coimbatore. The cellulose enzymes for the study were purchased commercially. The 

dry yeast which is also known as baker’s yeast was bought from a nearby supermarket. The sample 

was dried under the sun to remove the moisture content present in the rice and then it was subjected 

to mechanical pretreatment by grinding it to a coarse powder. The sample was then analyzed for 

total carbon to find the chemical composition using the TOC Analyzer of Make and Model: 

SHIMADZU & TOC-LCPH and total ash content to estimate the mineral content and inorganic 

material [14]. The ash content was measured by placing 1g of sample in the muffle furnace at 525ºC 

for 30 minutes where the sample gets converted to ash. The weight difference before and after the 

process gives the total ash content. The characteristics of the leftover cooked rice were presented in 

table 1. 

 



 

 

 

Table 1. Characteristics of the leftover cooked rice 

Parameter Value 

Total Carbon (ppm) 229.2 

Total Organic Carbon (ppm) 228.8 

Inorganic Carbon (ppm) 0.3955 

Ash content (%) 4.5 

Carbon (%) 42 

Nitrogen (%) 2.5 

Hydrogen (%) 6.2 

Sulphur (%) 0.2 

Oxygen (%) 30 

 

2.2. Hydrolysis of leftover cooked rice 

50 grams of food waste was taken for ethanol production and the ethanol production was analyzed 

under 3 categories: Sample subjected to acid hydrolysis alone, Sample subjected to enzyme 

hydrolysis alone, and Sample subjected to combined hydrolysis. The entire ethanol production 

process took place in the fermenter of Make & Model: BIOSPIN-OSA & BIO-AGE EQUIPMENT 

SERVICE for a period of 48 hours with a stirring speed of 120 rpm at a temperature of 27ºC. The 

purpose of using a fermenter for the entire ethanol production process is to maintain anaerobic 

conditions. 

For the acid hydrolysis process, the sample was dissolved in 1% H2SO4 (10ml H2SO4 dissolved in 

1000ml of distilled water) and was then taken in the fermenter. For the enzyme hydrolysis, to the 

sample, 33ml of cellulase enzyme dissolved in 1000ml of distilled water was added and was then 

taken in the fermenter. For the combined hydrolysis, the sample was dissolved in 1% H2SO4 and to 

the solution, 33ml of cellulase enzyme dissolved in 1000ml of distilled water was added and was 

then taken in the fermenter.  



 

 

 

2.3. Fermentation of leftover cooked rice 

For the fermentation process of three types of hydrolysed samples, the growth media was prepared 

by adding 10g/l of yeast extract, 20g/l of peptone, and 20g/l of dextrose in distilled water. It was 

then autoclaved and after cooling, baker’s yeast was added and kept in a shaking incubator at 

120rpm at 35ºC for 24 hours. After 24 hours, the growth media was added to the hydrolysed sample 

in the fermenter with a stirring speed of 120 rpm. For every 24 hours, the samples were analyzed for 

the presence of ethanol using a Double beam UV-Vis Spectrophotometer of Make and Model: 

PERKIN ELMER & LAMBDA 35 at a wavelength of 600nm till the absorbance started to decline. 

2.4. Distillation of the fermented samples 

Distillation was done to separate ethanol from the fermented sample. Before the distillation process, 

the samples were centrifuged at 10,000 rpm for 15 minutes to remove the solid residue from the 

liquid sample since the liquid will be subjected to distillation. The distillation process was carried 

out by Rotary Vacuum Evaporator of Make & Model: EQUITRON & ROUND BATH RUTEUA 

and after the distillation process, the ethanol was analyzed qualitatively. 

3. Results and Discussion 

3.1. Spectrophotometric Determination of Ethanol 

Stock solutions were prepared by varying the amount of ethanol and the standard chart (Absorbance 

vs Concentration) was plotted as shown in figure 1. 

 

 

 

 

 

 

Figure 1. Standard Plot of Ethanol 
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3.1.1. Spectrophotometric Determination of acid hydrolysed fermented sample 

The fermented sample obtained after the acid hydrolysis was analyzed using Double Beam UV-Vis 

Spectrophotometer. The absorbance of the fermented sample analyzed at 600nm daily was obtained 

and is shown in figure 2.  

 

Figure 2. Absorbance of the acid hydrolysed sample 

It is inferred from the figure that the absorbance value started to decrease from the 5th day. At the 

end of the 5th day, the net amount of ethanol that can be produced from the 50 grams of leftover 

cooked rice using the standard plot was found to be 204ml. 

3.1.2. Spectrophotometric Determination of enzyme hydrolysed fermented sample 

The fermented sample obtained after the enzyme hydrolysis was analyzed using Double Beam UV-

Vis Spectrophotometer. The absorbance of the fermented sample analyzed at 600nm daily was 

obtained and is shown in figure 3. 

 

 

 

 

 

 

Figure 3. Absorbance of the enzyme hydrolysed sample 
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It is inferred from the figure that the absorbance value started to decrease from the 4th day. At the 

end of the 5th day, the net amount of ethanol that can be produced from the 50 grams of leftover 

cooked rice using the standard plot was found to be 454ml. 

3.1.3. Spectrophotometric Determination of combined hydrolysed fermented sample 

The fermented sample obtained after the combined hydrolysis was analyzed using Double Beam 

UV-Vis Spectrophotometer. The absorbance of the fermented sample analyzed at 600nm daily was 

obtained as shown in figure 4.  

 

 

 

 

 

 

Figure 4. Absorbance of the combined hydrolysed sample 

It is inferred from the figure that the absorbance value started to decrease from the 5th day. At the 

end of the 5th day, the net amount of ethanol that can be produced from the 50 grams of leftover 

cooked rice using the standard plot was found to be 440ml. 

3.2. Extraction of ethanol from the fermented samples 

After the centrifugation of the fermented samples, the solution was taken in the round-bottomed 

flask provided in the Rotary Vacuum Evaporator. The sample containing the flask was lowered to 

the water bath and once it reached the temperature of 75ºC, the ethanol started to evaporate and was 

collected on the other flask provided in the instrument. The amount of ethanol distilled from the 

acid hydrolysed, enzyme hydrolysed, and combined hydrolysed was 150ml, 350ml, and 400ml 

respectively. The percentage difference of ethanol that can be produced using the standard plot and 

the ethanol distilled is 30.51% in the case of acid hydrolysed sample, 25.87% in the case of enzyme 

hydrolysed sample, and 9.5% in the case of combined hydrolysed sample. As the raw material taken 
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for the study is leftover cooked rice, the amount of ethanol produced from 70g of leftover cooked 

rice by enzyme hydrolysis in literature (Wie Han et al., 2021) was found to be 370.3ml. In our 

study, a comparison was made between different types of hydrolysis processes and based on the 

ethanol productivity, the combined hydrolysis was found to be more effective.          

3.3. Qualitative analysis of ethanol 

This was done to confirm the ethanol produced [15]. The bioethanol was examined by Jones reagent 

(K2Cr2O7+H2SO4). 2% Potassium dichromate solution was prepared by dissolving 2 grams of 

K2Cr2O7 in 100ml of distilled water. 1ml of this solution was added to 3ml of distilled ethanol 

which resulted in the formation of orange colour. To this solution, 5ml of H2SO4 was added which 

resulted in the formation of blue-green colour as shown in figure 5. The colour change was because 

of the oxidation of ethanol to acetic acid. 

 

 

 

 

 

Figure 5. Colour change from orange to blue-green  

4. Conclusion 

This study involves the collection of leftover cooked rice from the source, mechanical pretreatment 

of the food waste, hydrolysis of the food waste, fermentation, and then subjecting it to distillation. 

The leftover cooked rice was subjected to three types of hydrolysis processes: acid, enzyme, and 

combined hydrolysis. As a result of the hydrolysis, cellulose in the substrate was exposed to more 

degradation. The yeast Saccharomyces cerevisiae was cultured in the YPD media and was used for 

the fermentation of food waste. The amount of ethanol produced from the 50 grams of leftover 

cooked rice when subjected to combined hydrolysis, acid hydrolysis, and enzyme hydrolysis was 

400ml, 150ml, and 350ml respectively. It is more prominent that the ethanol yield from the leftover 



 

 

 

cooked rice was more in the case of food waste subjected to combined hydrolysis. The colour 

change from orange to blue-green confirmed the ethanol produced. Therefore, ethanol can be 

produced from the leftover cooked rice using the yeast Saccharomyces cerevisiae. This would be a 

substitute for conventional fuels.  
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