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 Complex chemical processes and reactions take place to convert agricultural products to 

ethanol and various factors such as temperature, initial moisture of fermentation 
environment, and fermentation type are effective. Awareness of how these factors 

influence the conversion process and examining their influence can hugely contribute to 

the optimization of devices and this process. Thus, in order to examine the trend of 
changes in sugar and ethanol and carbon dioxide during the process of fermenting 

sugarcane molasses over time, a study was conducted in 2013 in waste recycling lab of 

Agriculture Faculty of Islamic Azad University of Shoushtar. In this study, the amount 
of sugar consumption and the amount of alcohol and carbon dioxide produced during 

the process were measured. The average amount of sugar consumption during the 

fermentation process in the three times the test was carried out indicated that the 
amount of sugar in the fermentation environment decreased with a fast pace (high linear 

gradient) from its initial amount of 22 °Brix, in a way that after only a few days (5-6 

days) it reached its lowest level of 8 °Brix. After that, the amount of sugar in the 
fermentation environment decreased slowly. The amount of produced alcohol 

approximately reached 7 volume percent; that is, in every 100 millimeters of distilled 

solution, there is 7 millimeters of alcohol. In order to dehydrate the alcohol and extract 
pure alcohol, fractional distillation method should be applied in several stages to 

dehydrate the alcohol and obtain an alcohol with a higher purity. After almost 5 days, 

the amount of gas reached its highest level, namely near 345 milliliters, and after that 
the rate of gas production is reduced over time and it is no longer produced in the initial 

rate; in a way that in subsequent days, the volume of gas increases only near 10-15 

milliliters and after a while, the amount of gas produced in the process stays constant. 
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INTRODUCTION 

 

 Considering the fact that near 55 to 75 percent of the expenses of producing bioethanol is related to the 

costs of feedstock, decreasing the costs of feedstock can lead to a considerable decrease in the price of ethanol. 

Sugarcane and beet molasses is used in the fermentative production of ethanol. Sugarcane molasses has recently 

received special attention by bioethanol production industries in Iran due to its lower price than beet molasses. 

One of the solutions to use this valuable product is using it as the feedstock in the production of bioethanol as a 

source of energy. By converting the sugar in sugarcane molasses to ethanol, we can meet the urgent need of 

today’s economic society for the production of bioethanol to replace fossil fuels in internal combustion engines 

and to take advantage of its applications in other industries and can take an effective step towards supplying 

domestic needs as well as exporting this product in order to attract foreign exchange, as a result of which, the 

income of farmers and manufacturers in sugarcane farming regions is raised and these regions thrive (1). 

 In 1980, Kosaric et al. asserted that any raw material that contains hexose sugars or can be converted to 

these sugars can be used as the feedstock for fermentation process. Using corn as a substrate in fuel production 

is of benefits including relatively high production efficiency, vast geographical farming area, and a high ratio of 

energy output to input. Also corn is relatively cheap, can be easily stored, and has valuable byproducts such as 

protein and oil (6). Ramalingam et al. (1977) stated that during the alcoholic fermentation process, an increase 

in the alcohol production can raise the growth rate of yeast and subsequently decrease the yeast’s activity; 

therefore, we can prevent this from happening by carrying out the fermentation process under low pressure and 

distilling the formed ethanol.(8). Favela Tones et al. (1988) examined the production of ethanol from wheat 

starch by Zymmonas Mobilis bacteria and reported that in batch culture, a glucose concentration as high as 223 
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g/l could be fermented (conversion 99.5%) to 105 g/l of ethanol in 70 hours with an ethanol yield of 0.47 g/g 

(92% of theoretical) (5). In 1981, Hang et al. produced alcohol from apple pomace using the yeast 

Saccharomyces Cerevisiae and could extract 43 grams of ethyl alcohol per Kilogram of apple pomace with a 

fermentation efficiency of near 89%. 

 In this study, it was endeavored to follow the following goals to predict and examine the effective factors in 

the process of fermenting sugarcane molasses to produce bioethanol (4). 

 

Goals: 

 The main goal of this project is to produce bioethanol fuel from sugarcane molasses so that it can be used as 

a fuel for internal combustion engines or for industrial applications. In this research, we will examine the 

process of converting sugarcane molasses to bioethanol, study the effective factors in this process, and pursue 

the following goals: 

1. Examining the process of producing bioethanol from sugarcane molasses through converting sugarcane 

molasses to ethylic alcohol in vitro.  

2. Examining the trend of changes in sugar, ethanol, and carbon dioxide gas during the process of fermenting 

sugarcane molasses over time. 

MATERIALS AND METHODS 

 

 This study was carried out in 2013 in waste recycling lab of Agriculture Faculty of Islamic Azad University 

of Shoushtar. In doing this project and carrying out the relevant tests, there are different stages that are fully 

explained below. 

 

Characteristics of Sugarcane Molasses Used in the Test: 

 Sugarcane molasses was used to do the tests. The initial Brix for this molasses was 65 and after the 

preliminary calculations and tests, it was shown that 280 grams of sugarcane molasses with a Brix of 65 is 

required to achieve 1 liter of syrup with a Brix of 25. Enough water was added to 280 grams of molasses and it 

was stirred as long as the solution’s volume reached 1 liter. Then to ensure that the Brix of the resulted solution 

equals 22, we examined its accuracy using a refract meter. The density of date syrup with a Brix of 22 was 

found to be 1002.5 kg/m
2
. 

 

Producing Molasses Syrup from Sugarcane: 

 Grade C and D sugarcane molasses is provided to produce cane molasses syrup. Then, sugarcane molasses 

is blended with water with a ratio of 2 to 3 and heated for half an hour. After smoothing it with filter, we add 

water to the remained bagasse with a ratio of 2 to 1 and heat it as much as the remained sugar is extracted. After 

filtering, the solutions of the first and second filters are mixed. Finally, the resulted solution is heated to be 

concentrated as much as 60-70 Brix. In these tests, a type of cane molasses syrup with a concentration of 70 

°Brix produced in Cane Sugar Production Factories in Khuzestan Province is used (2).  

 

Producing Alcohol from Cane Molasses Syrup: 

 In order to achieve this goal, some glass containers equipped with taps are provided for daily sampling. 

Then the produced cane molasses syrup is diluted with water as much as its Brix reaches 20. We pour the cane 

molasses syrup in different containers and then add to them the yeast Saccharomyces Servisia as well as various 

nutrients like peptone, potassium hydrogen phosphate, magnesium sulfate, etc., which are suitable for the 

activity of micro-organisms. Then we close the lid tightly so that there is no exchange of air with the outside. 

We make all containers isolated to reduce their heat exchange with the outside and decrease the effect of 

environmental changes so that we can estimate the amount of heat produced in the fermentation environment 

without the intervention of container’s surrounding environment, because if the heat produced inside the 

fermentation container is more than surrounding temperature, heat runs out of it and vice versa; therefore, we do 

not have a good view of the heat produced in the fermentation environment and thus, we cannot model the 

changes in the environmental temperature well. To do so, glass wool with aluminum foil is used and the foil is 

wrapped tightly around the desired containers so as to create an almost suitable insulation between the 

fermentative solution inside the container and the surrounding environment (3). 

 

1. Measuring the Desired Variables: 

 In order to examine the fermentation process and the extent to which this process has progressed, and 

finally to model them, we should measure several variables including: 

 

1) Measuring the Brix: 

 Brix is the ratio of Total Soluble Solids (TSS) which equals the amount of sugar; therefore, estimating the 

Brix of solution is one of the variables in the examination of how much a process has progressed. A 
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refractometer of MT-098 type is used to measure the Brix and it can be measured several times a day in a 

regular basis. 

 

2) Measuring the Alcohol: 

 The alcohol percentage of the fermentative solution is measured using an alcoholmeter which uses 

distillation method. In order to measure the alcohol using distillation method, exactly 100 milliliters of the 

smoothed liquid is first poured in the distillation flask and 50 milliliters of distilled water is added to it. 

Distillation continues as long as the volume of the resulted liquid reaches exactly 100 milliliters. Then the 

distilled liquid is poured in the graduated cylinder and after it is cooled down as much as 15°C, the alcohol 

percentage of the distilled liquid is measured by immersing the alcoholmeter. 

 

3) Measuring the Temperature: 

 In order to measure the temperature, a thermocouple is used and it is connected to a data logger so as to 

measure and record the temperature regularly. 

 

4) Measuring the Amount of CO2 or the Gas Produced during the Process: 

 In order to measure the amount of CO2 formed during the process, we use the change in the height of liquid 

column. To do so, two connected containers containing colored water are used. We connect these containers to 

the main tank through a pipe. As the pressure in the container and the amount of carbon dioxide increase, the 

height of liquid in containers varies. By measuring the height of liquid column, we can measure the created 

pressure and consequently, the amount of gas produced. 

 

RESULTS AND DISCUSSION 

Amount of Sugar Consumption: 

 By measuring the sugar left in the fermentation environment, we can somehow estimate how much the 

process has progressed. In this research, a refract meter was used to measure the amount of sugar in the 

fermentation environment. Refract meter is a device that works based on the refractive index and shows the 

level of solution’s impurity in the desired environment. Supposing that all the impurity in the fermentation 

environment is formed by various sugars existing in sugarcane molasses, Brix, therefore, can easily express the 

sugar existing in the fermentation environment. 

 The Brix existing in the fermentation environment is measured daily and several times a day. Figures 1 and 

2 respectively show the amount of sugar consumption during the fermentation process in the three times the test 

was carried out and their average, in which the horizontal axis shows the time (in days) and the vertical one 

shows the amount of sugar existing in the fermentation environment (in °Brix). As the diagram shows, the 

amount of sugar existing in the fermentation environment decreased with a fast pace (high linear gradient) from 

its initial amount of 22 °Brix, in a way that after only a few days (5-6 days) it reached its lowest level of 8 °Brix. 

After that, the amount of sugar in the fermentation environment decreased slowly. 
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Fig. 1: Changes in the concentration of sugar during the fermentation process in the three times the test was 

carried out. 
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Fig. 2: Average changes in the concentration of sugar during the fermentation process. 

 

Amount of Alcohol Production: 

 One of the other parameters and characteristics by measuring which we can estimate how much the 

fermentation process has progressed is the amount of alcohol produced over time. In order to measure the 

amount of alcohol produced during the fermentation process, a glass alcoholmeter was used. To do so, sampling 

was carried out twice a day and samples were distilled. Then the amount of alcohol existing in the distilled 

substance was measured using an alcoholmeter and the volume percentage of alcohol produced over time was 

estimated. 

 The amount of alcohol produced approximately reached 7 volume percent; that is, in every 100 millimeters 

of distilled solution, there is 7 millimeters of alcohol. In order to dehydrate the alcohol and extract pure alcohol, 

fractional distillation method should be applied in several stages to dehydrate the alcohol and obtain an alcohol 

with a higher purity. Figures 3 and 4 respectively show the amount of alcohol variations during the fermentation 

process in the three times the test was carried out and the average resulted from these tests. As the figures 

indicate, in the initial days, alcohol is produced with a high rate and after almost 5 days, it reaches its highest 

point (near 7 volume percent). Then the rate of increase in the production of ethanol over time decreases and 

after 16 days, the amount of produced alcohol grows almost 1 volume percent. After that, it stays almost 

constant and in final days, the amount of ethanol produced in the environment is less than the previous amounts 

and this can be due to the oxidization of ethanol in the fermentation environment. This stage is not considered in 

the examination of fermentation process. 
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Fig. 3: Changes in the Amount of Alcohol Produced during the Fermentation Process of Sugarcane Molasses. 
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Fig. 4: Average Changes in the Alcohol Produced during the Fermentation Process of Sugarcane Molasses. 

 

 The amount of ethanol produced was estimated based on volume percentage. Unit conversion was carried 

out so that it can be compared with other feedstock used in the production of ethanol. Accordingly, the amount 

of ethanol produced from sugarcane molasses is 74 grams of ethanol per Kilogram of molasses with a Brix of 

22. This amount is 43 grams for apple and 53.3 grams for grape. Therefore, it can be said that the amount of 

ethanol produced from sugarcane molasses is almost more than that of other feedstock. 

 

Amount of Produced Carbon Dioxide Gas: 

 As it is inferred from the chemical reaction equation for the production of alcohol, certain amount of carbon 

dioxide gas is produced during the fermentation of sugar and its conversion to alcohol, which is sent out of the 

reactor during the fermentation process through different ways such as using some pipes. Therefore, by 

measuring the amount of carbon dioxide gas, we can find how much the process has progressed. 

 In this study, the amount of produced gas was measured several times a day using the principle of 

difference level of liquid column in connected containers and consequently measuring the volume of gas 

produced in milliliters. 

 Figure 5 shows the amount of carbon dioxide gas produced during the fermentation process in the three 

series of tests. As it is obvious, the volume of gas starts from zero and then increases with a fast pace as much as 

it reaches its maximum level after a short while. Then it stays constant. Clearly, after almost 5 days, the amount 

of gas reached its highest level, namely near 345 milliliters, and after that the rate of gas production is reduced 

over time and it is no longer produced in the initial rate; in a way that in subsequent days, the volume of gas 

increases only near 10-15 milliliters and after a while, the amount of gas produced in the process stays constant. 

This means that after that, the process moves on almost slowly and thus, carbon dioxide is whether not produced 

at all or is produced in a very little amount, which cannot be measured. 

 

 
 

Fig. 5: Volume of carbon dioxide gas produced during the fermentation process of sugarcane molasses. 
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 Figure 5 shows how the process has progressed. Therefore, during the fermentation process, only one of the 

effective parameters is enough to be measured. Considering figure 5, after almost 5 days from the beginning of 

fermentation, the fermentation process is almost complete and after that, the amount of produced byproducts is 

so little that can be easily ignored compared with the expense of time consumption. After 5-10 days from the 

beginning of fermentation, the process can be stopped. 
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