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The research was conducted in the laboratories of the Agricultural Technical 

College/Mosul during the period from October 2023. The aim was to produce 

distilled ethanol from Maize and Sorghum in Iraq. The research included 

collecting parts (fruits, seeds, and leaves), transferring them to the Agricultural 

Technical College in the laboratory, and storing them in sterile nylon bags. The 

fermentation treatments were included 6 treatments to carry out fermentation 

processes by adding a 2% solution of Saccharomyces cerevisiae yeast to the 

leaves, fruits, and seeds of corn that were previously prepared and sterilized for 

fermentation. They were placed in fermenters, and after completing fermentation, 

carbon dioxide CO2 and ethanol CH3CH2OH were measured, and then the 

mixture was fractionally distilled to obtain pure ethanol. The results of the 

productivity experiment treatments after 72 hours showed that the treatment 

(Maize  leaves + 2% yeast) gave the highest production of CO2 gas, 220800 ml, 

and ethanol, 3.61%, while the treatment (Sorghum fruits + 2% yeast) gave the 

lowest production of CO2 gas, 131840 ml, and ethanol, 2.15%. After conducting 

fractional distillation on approximately 15 liters of yeast resulting from this 

experiment for each treatment, the results showed that the percentage of alcohol 

distilled was 90%. The highest volume obtained from the Maize  leaves treatment 

was 540 ml, while the lowest volume obtained from the Sorghum fruits + 2% 

yeast treatment was 322 ml. Based on the results, genetically modified yeast 

strains can be used to increase efficiency and improve the biofuel production 

process. 
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Introduction 

In recent decades, the world has witnessed a 

significant increase in energy consumption, and 

biofuel has emerged as a promising and sustainable 

alternative. Biofuel is a source of renewable energy 

extracted from the fermentation of biomass. It is 

considered an alternative to traditional fossil fuels 

(oil, gas, and coal) and is characterized by being 

more sustainable and less harmful to the 

environment [1] . It is produced from renewable 

biological sources, which contributes to reducing 

greenhouse gas emissions [2]. Iraq relies heavily on 

oil as a primary source of energy, making it 

vulnerable to environmental pollution. Biofuel can 

contribute to diversifying energy sources and 

reducing dependence on oil as an environmentally 

friendly energy source, as Iraq has abundant sources 

of agricultural raw materials that can be used in 

biofuel production [3] . Maize and Sorghum are 

important crops in Iraq and the world, as they are 

characterized by their high content of sugars and 

starches, the basic raw materials for producing 

bioethanol. Corn cultivation in Iraq is characterized 

by being widespread, making it a suitable option for 

producing biofuel on a large scale [4]. Recent 

research has focused on producing bioethanol fuel 

from the cellulosic residues of field crops instead of 

the starch stored in their seeds, because these 

residues are cheap, such as straw, hay, bran, wood, 

etc., compared to the food materials in the seeds of 

rice, wheat, barley, and corn crops, which are 

usually more expensive because they are used as 

staple food for humans and fodder for poultry. This 

has become the modern general trend in bioethanol 

production from these cheap lignocellulosic sources 

[5,6]. Saccharomyces cerevisiae yeast plays an 

important role in the fermentation process, which is 

the process of converting sugars into alcohol 

(ethanol) and carbon dioxide in the absence of 

oxygen. This yeast is one of the most widely used 

microorganisms in various fermentation processes, 

thanks to its superior ability to ferment a variety of 

sugars, including glucose, fructose, sucrose, and 

maltose [7] . Given the importance of biofuel in the 

present time, and the urgent need for it in light of the 

current circumstances in which Iraq relies entirely 

on fossil fuels, and to preserve the environment from 

pollution and achieve sustainable development, our 

study aimed to assess the possibility of producing 

distilled biofuel (ethanol) from Maize and Sorghum 

in Iraq and to determine the best varieties of corn 

crop waste (Maize and Sorghum) in producing the 

highest percentage of distilled ethanol using 

Saccharomyces cerevisiae. 

 

Materials and methods 
Sample collection: Quantities of leaves, fruits, and 

seeds were collected for each type of Maize and 

Sorghum. They were placed in sterile nylon bags, 

numbered, and labeled with specific information for 

each sample. The bags were tightly sealed and then 

transferred to the medicinal plants laboratory at the 

Agricultural Technical College/Department of Plant 

Production Technologies. The samples were stored 

in sterile bags at room temperature until testing. 

Sample preparation: The samples were cleaned of 

impurities and dust, then cut and ground to increase 

the surface area exposed to the yeast. 

Yeast solution: Specific amounts of Saccharomyces 

cerevisiae 2%  were dissolved in an activation 

medium to obtain a homogeneous solution. 

Fermentation and distillation  of ethanol 

production : The method adopted by CMBTC, 

2012 and Palmer, 2006 was used with modifications. 

A fermenter was used, consisting of a 25 -liter 

fermentation bottle and a plastic lid that can 

withstand sterilization temperatures in an autoclave. 

The plant samples 4 Kg of seeds, fruits, or leaves 

were mixed with 20 L of water for 3 hours to break 

down into fermentable sugars. After the 

decomposition period, the fermenters and their 

contents were sterilized in an autoclave at 121°C for 

15 minutes. After the fermenters cooled to room 

temperature (25°C), concentrations of the 

Saccharomyces cerevisiae yeast solution were 

added to each fermenter to start the fermentation 

process, which was left for 4 days. During this 

period, the yeast converts the sugars in the corn into 

alcohol and carbon dioxide [8,9,10,11]. The 

treatments were divided into sixth  treatments based 

on raw material type: 

Treatment 1: (Maize  seeds + 2% yeast) 

Treatment 2: (Sorghum seeds + 2% yeast) 

Treatment 3: (Maize  fruits + 2% yeast) 

Treatment 4: (Sorghum fruits + 2% yeast) 

Treatment 5: (Maize  leaves + 2% yeast) 

Treatment 6: (Sorghum leaves + 2% yeast) 

Measurements during fermentation: During the 

72 hrs fermentation period, the following was 

monitored and measured: 

Volume of CO2 gas released from fermentation: 

CO2 gas was measured using the displacement 

method [8]. 

Ethanol estimation: Alcohol was estimated using a 

refractometer and hydrometer alcohol [12,13]. 

Fractional distillation : A fractional distillation 

apparatus was used after the fermentation process 

was completed and the carbon dioxide gas stopped 

exiting the fermenter. The yeast was left to settle, 

Separation of the solid matter (residual fibers) from 
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the liquid (fermented product) using filtration and 

centrifugation  and then the liquid was siphoned off 

and distilled using the fractional distillation 

apparatus, where ethanol was separated [13]. The 

distilled liquid was tested to verify that it was 

ethanol by several means, including measuring its 

density using a refractometer, which gives a reading 

of light refraction. This reading was compared to the 

refractive index table to determine the percentage of 

ethanol, as well as using a hydrometer alcohol as 

mentioned by Nowakowska, 1939 [14]. The ethanol 

was burned and its odor was smelled. It was also 

tested with the CrO3/H2SO4 reagent by adding a 

few drops of this solution and chemically detecting 

it in the sample of distilled alcohol. The color 

changed from transparent to greenish-blue, 

indicating the presence of ethyl alcohol [15,16,17]. 

Statistical Analysis: The results of the experiments 

were statistically analyzed after being arranged and 

tabulated using the Statistical Package for the Social 

Sciences (SPSS) software according to the Analysis 

of Variance (ANOVA) test. The means of the 

treatments were compared using Duncan's multiple 

range test at a probability level of 0.05 according to 

Al-Rawi, 2000 [18]. 
 

Results and discussion 
Carbon dioxide CO2 and ethanol production and 

distillation 

The results in Table 1 for the fermentation 

treatments after 72 hours and with a yeast volume of 

15 liters per treatment, which were obtained after the 

fermentation processes, showed that the treatment of 

Maize  leaves gave the highest production of CO2 

gas, 220800 ml, and ethanol, 3.61%, while the 

treatment of Sorghum fruits gave the lowest 

production of CO2 gas, 131840 ml, and ethanol, 

2.15%. Our study agreed with many studies, as the 

reason for the differences is attributed to several 

factors, including sugar content. Maize  leaves 

contain a higher percentage of simple sugars (such 

as glucose and fructose) compared to Sorghum 

fruits, which mainly contain starch, a complex sugar 

that requires breakdown into simple sugars before 

the yeast can ferment it. This means that the yeast 

can easily access the sugars in the Maize  leaves and 

use them to produce ethanol and carbon dioxide. 

Also, the percentage of fiber in Sorghum fruits is 

higher than in Maize  leaves. Fiber hinders the 

yeast's access to fermentable sugars, which reduces 

fermentation efficiency and leads to lower ethanol 

and carbon dioxide production [16,19,20]. 
 

Table 1. Production of CO2 gas and ethanol. 

Ethanol 

% 

Ethanol 

/ml 

Volume 

co2/ml 

Treatment 2% 

yeast 
No. 

3.14     b 503.35 c 192220 c Maize  seeds 1 

2.69     c 431.55 d 164800 d Sorghum seeds 2 

2.35     d 377.08 e 144000 e Maize  fruits 3 

2.15     d 345.24  f 131840 f Sorghum fruits 4 

3.61     a 578.19 a 220800 a Maize  leaves 5 

3.40     a 544.67 b 208000 b Sorghum leaves 6 

*Different letters in the same column indicate significant 

differences at the 5% level. 

Maize  fruits contain a high percentage of starch, 

which is a polysaccharide that requires conversion 

into simple sugars before the yeast can ferment it. 

Sorghum fruits also contain a high percentage of 

starch, but may contain a slightly lower percentage 

of simple sugars compared to Maize . Maize  leaves 

may contain a higher percentage of simple sugars 

that are easy for yeast to ferment, while Sorghum 

fruits may contain a higher percentage of complex 

sugars that take longer to break down before the 

yeast can ferment them [21,22,23]. 

Fractional distillation 

After conducting fractional distillation on 

approximately 15 liters of yeast resulting from this 

experiment for each treatment, the results in Table 2 

showed that the percentage of alcohol distilled was 

90%. The highest volume obtained from the Maize  

leaves treatment was 540 ml, while the lowest 

volume obtained from the Sorghum fruits treatment 

was 322 ml. The reason for the difference between 

the treatments in the volume of alcohol produced 

after fractional distillation can be attributed to 

several factors, including the initial sugar content. 

As mentioned earlier, Maize  leaves contain a higher 

percentage of simple sugars compared to Sorghum 

fruits, which mainly contain starch. This means that 

Maize  leaves provide the yeast with a greater 

amount of directly fermentable sugar, leading to the 

production of a larger amount of ethanol and thus a 

larger volume after distillation. Additionally, the 

fermentation efficiency of sugars in Maize  leaves 

may be higher than the fermentation efficiency of 

starch in Sorghum fruits. This is partly because 

starch requires an additional hydrolysis step by 

amylase enzymes before the yeast can ferment it, 

which may lead to the loss of some sugars during 

this process. Although the percentage of alcohol 

distilled was 90% for all treatments, it is possible 

that there was a slight difference in the efficiency of 

the distillation process between the treatments, 

leading to a difference in the resulting alcohol 

volume. Other factors, such as the type of yeast used, 

fermentation conditions (temperature, pH, aeration), 

and the chemical composition of Maize and 

Sorghum, may contribute to the differences in the 

resulting alcohol volume [16,24,25]. 

Table 2. Fractional distillation of the ethanol  produced. 

No. Treatment 2% yeast 
Ethanol /ml 

concentration 90% 

1 Maize  seeds 470 c 

2 Sorghum seeds 403 d 

3 Maize  fruits 352 e 

4 Sorghum fruits 322 f 

5 Maize  leaves 540 a 

6 Sorghum leaves 509 b 

*Different letters in the same column indicate significant 

differences at the 5% level. 

 

CONCLUSION  
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The study concluded that using Saccharomyces 

cerevisiae to produce ethanol and carbon dioxide 

from different corn types (Maize and Sorghum) is a 

promising approach for biofuel production. The 

results showed that Maize  leaves, when fermented 

with 2% yeast, produced the highest amount of 

ethanol and the largest volume of carbon dioxide. 

However, the production of ethanol and carbon 

dioxide depends significantly on the yeast 

concentration and the type of corn part used. The 

study also indicated that Maize  seeds, when 

fermented with 2% yeast. These findings suggest 

that the selection of corn type and yeast 

concentration is crucial for optimizing biofuel 

production. Furthermore, biofuel production from 

corn can contribute to achieving sustainable 

development goals in Iraq by reducing reliance on 

fossil fuels and providing an alternative energy 

source. However, further research is needed to 

assess the economic and environmental feasibility of 

large-scale biofuel production from corn and to 

develop more efficient and sustainable technologies. 
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