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INTRODUCTION 

 

Bioethanol is considered as a renewable and clean source of energy as its 

production is dependent on the conversion of biomass, mainly agricultural crops 
such as corn and sugarcane; oils such as soyabean or plam oil and animal fats. 

Since it can be utilized for multipurpose works, several countries like USA, Brazil, 

Germany, Sweden, Canada and India have used this bioethanol for lightning, 
driving of vehicles, managing generators; etc. (Demirbas, 2009). The production 

of bioethanol has also helped in creating new economic opportunities for the 

countries involved in export of oil as well as developing countries. Renewable 
energy sources that utilize natural resources produces energy that is free from air-

polluting gases (Leung et al., 2010). In addition to it, bioethanol will reduce 

dependence on imported oil, reduce greenhouse gas emissions and other pollutants, 

and stimulate the global economy by increasing the demand for agricultural 

products (Acharya and Perez-Pena, 2020). The natural sources i.e. renewable are 

economically cheap, available in abundance and could be regenerated. Therefore, 
these renewable resources such as, agricultural residues, tree and wood residues, 

algae; etc. can be used for the generation of energy and also, as an alternative to 

costly raw materials. Bioethanol has grabbed the market within few years 
worldwide and also has established as an individual big industry. However, there 

exists rivalry for bioethanol as human food, since it's a renewable source of energy 

(Shah and Sen, 2011). Therefore, researchers have reported studies to produce 
bioethanol from agricultural wastes, in order to avoid its competition with human 

food. In addition to this fact that ethanol production of waste has a significant 

positive impact on the environment in terms of disposing waste and convert into 
bioethanol, as well as the environmental pollution was resulting from the 

combustion of ethanol is less compared to those released from fossil fuels 

(Nakshoo and Ebrahim, 2013). Ethanol is produced by the process of 
fermentation carried out by microorganisms under anaerobic conditions. 

Fermentation is carried out on raw materials rich in carbohydrates, especially 

hexose sugar, for example, glucose, most commonly glucose. Therefore, primary 

raw materials that contains high level of glucose are the best for converting it into 

ethanol (Kumari and Singh, 2018; Choi et al., 2019). Bioethanol is currently 

produced mainly by using Saccharomyces cerevisiae due to its tolerance of low 
pH and high concentration of ethanol, in addition to Zymomonas mobilis bacteria, 

which has higher ethanol productivity due to its fermentation of hexose sugars such 
as glucose, fructose and sucrose (Zhang et al., 2019). Ethanol is one of the most 

important organic chemicals, due to its wide applications in industries (food, 

pharmaceuticals, and chemicals), and also used as solvent for materials utilized in 
the manufacture of perfumes, medicines, and make-up. It is also used as a base 

material for the manufacture of vinegar, an organic acid used for the human 

consumption.  Vinegar is produced by a double-fermentation process, where 
agricultural products containing starch or sugars are used as raw materials. 

Alcoholic fermentation comes first, followed by acetic acid fermentation. The 

process of producing vinegar from ethanol can be summarized according to the 
equation (Bhat et al., 2014). 

 

Ethanol-producing microorganisms 

 

Many microorganisms have the ability to produce ethanol, but they differ in their 

ability to tolerate certain concentrations of ethanol, as well as the sugars that they 
ferment. Some of them have the ability to ferment lactose and others ferment 

glucose, fructose and sucrose. Others have the ability to decompose cellulose into 

simple sugars and produce ethanol. There are also types that have the ability to 
produce ethanol from quintet sugars. 

 

Yeasts 
 

Yeasts have the ability to produce ethanol and this has received great attention 

from  researchers. Presently, ethanol is produced mainly from Saccharomyces 
cerevisiae. Studies have also reported the utilization of Saccharomyces 

carlsbergensis for the production of ethanol are Saccharomyces carlsbergensis. 

Past studies have found that Saccharomyces cerevisiae has the ability to produce 
more ethanol than other yeasts species (Jwad and AI-Haidari, 2017). In addition 

to some species belonging to the genus Kluyveromyces yeast and family 

Saccharomycetaceae, is considered one of the yeasts that can destroy alcoholic 

products and these types are K. marxianus, K. fragilis, K. lactis. As these yeasts 

have the ability to convert lactose directly into ethanol and are isolated from dairy 

products (Fonseca et al., 2008). It has been found that K. marxianus has the ability 
to ferment D-xylose directly into ethanol (Margaritis and Bajpai, 1982). There is 
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Agricultural wastes are rich in sugar and complex carbohydrates that makes it suitable source to carry out the fermentation process. 

Bioethanol is widely used in industries such as, chemical, pharmaceutical and food for various purposes especially as sterilizer. 

Carbohydrates are considered as the renewable sources and the primary material for the production of bioethanol.  Microorganisms such 

as some species of yeasts and bacteria are capable to ferment carbohydrates and convert it into ethyl alcohol. However, the ability of these 

micro-organisms differs with respect to the production of ethanol and this research we study the possibility of producing bioethanol from 

the bacterium Zymomonas mobilis.  One of the major industrial aspects of ethanol is the production of vinegar and there are several 

methods that could be utilized for its production from ethanol. Studies have reported that Zymomonas mobilis has 5-10 times more 

capability to produce bioethanol as compared with Saccharomyces cerevisiae. Therefore, this study has been done to highlight the 

possibilities of production of bioethanol from Zymomonas mobilis 
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also Candida yeast, which belongs to the family Cryptococcaceae, and this 

contains two species, i.e. C. pseudotropicalis and C. kefyr that have the ability to 

produce ethanol and the latter is found in cow’s and goat’s milk. One of the studies 

have reported that it gives an alcoholic flavor to the milk because of the lactose 

fermentation into ethanol and carbon dioxide (Fonseca et al., 2008). It has been 

shown that C. Kefyr has the ability to produce ethanol from lactose better than 
Saccharomyces cerevisiae (Kamini and Gunasekaran, 1987).  Interest in 

Schwonniomyces occidentolis, which belongs to the family of 

Saccharomycetaceae, has increased in recent years due to its good fermentation 
properties, strong hydrolysis system, fermentation of a wide range of 

carbohydrates, as well as its tolerance to low concentrations of ethanol (Horn et 

al., 1992). S. occidentolis is capable to ferment soluble starch directly into ethanol 

with a high efficiency of up to 95%, as this yeast possesses all the enzymes 

necessary to decompose the starch and convert it into fermented sugar (Calleja et 

al., 1982). 

 

Bacteria 

 

Research and studies have been directed at the use of several species and strains of 

bacteria to produce bioethanol, which are characterized by their ability to ferment 

carbohydrates. In general, the bacteria take minutes to ferment the carbohydrates 

compared to the yeast that takes hours (Dien et al., 2003; Rutz and Janssen, 

2007). Lactic acid bacteria (LAB), that are considered for heterogenous 

fermentation are capable the ability to ferment carbohydrates and produce ethanol, 

especially Leuconostoc. In addition to the rapid fermentation of carbohydrates, 
bacteria are also present in natural fermentable substrates as enlisted in Table 1. 

Soleimani et al. (2017) has reported the possibility of producing ethanol from the 
bacteria Lactobacillus plantarum M24, Lactobacillus sakei and Weissella 

viridescens LB37 by using agricultural residues (corn, corn residues and pine 

leaves). The results of the study proved that L. plantarum M24 is the most efficient 
type of bacteria in ethanol production from agricultural waste.  

 

 

Table 1 Microorganisms for the production of bioethanol and optimum fermentation conditions for high ethanol 

production     

Ethanol 

tolerance (g/L) 

Fermentation 

conditions 

Fermentable 

substrates 
Microorganism 

150 Anaerobic, 30-37ºC 
Glucose, fructose, 

maltose, sucrose 
Saccharomyces cerevisiae 

- Anaerobic, 30-35ºC 
Glucose, fructose, 

maltose, sucrose 
Schizosaccharomyces pombe 

- Anaerobic, 40-45ºC Glucose Kluyverommyces marxianus 

30- 45 Microaerophilic, 20-31ºC Glucose, xylose Candida shehatae 

35-47 Microaerophilic, 26-35ºC Glucose, xylose Pichia stipites 

37.5-75 Microaerophilic 
Glucose, xylose, 

glycerol 
Pachysolen tannophilus 

100 Anaerobic, 30ºC 
Glucose, fructose, 

sucrose 
Zymomonas mobilis 

10-30 Anaerobic, 55-65ºC Glucose, cellulose Clostridium thermocellum 

<30 Anaerobic, 60ºC Glucose, xylose 
Clostridium 
thermosaccharolyticum 

 

Ethanol can also be produced from thermophiles, This group of bacteria have the 
ability to rapidly ferment cellulose without the need of enzymes, and it does not 

ferment ethanol homogeneously and also does not tolerate high concentrations 

of bioethanol, including, anaerobic bacteria include Thermoanaerobacterium,  
Thermoanaerobacter saccharolyticum ethanolicus, 

Thermoanaerobacter mathranii, Clostridium thermocellum, Caldicellulosiruptor 

bescii and the facultative anaerobic bacteria Geobacillus Olmoglucidasiusius 
(Olson et al., 2015). Figure 1 shows the metabolic pathway of the ethanol-

producing microorganisms. Some bacteria have the ability to convert glucose into 

pyruvic acid via the Entner-Doudoroff (ED) pathway as such for 
Zymomonas spp. while others via the EMP pathway that converts pyruvic acid to 

ethanol. 

 

 
 

Figure 1 Shows the fermentation of glucose to ethanol by yeasts and bacterial 
species. The reactions shown are from the pyruvic acid phase of the final 

products. (A) Yeasts; (B) Bacteria  )1) pyruvate decarboxylase. (2) alcohol 

dehydrogenase. (3)  pyruvatedehydrogenase or pyruvate formatelyase  (4) 
acetaldehyde/alcohol dehydrogenase  (5) phosphotransacetylase (6) acetate kinase 

(7) AMP-forming acetyl-CoA synthetase (Boumba et al., 2008). 

 

 

 

Zymomonas mobilis  
 

Interest in this bacterium has increased all over the world due to its importance in 

the production of ethanol. Zymomonas mobilis includes two subspecies under the 
type, Z. mobilis subsp. mobiles and Z. mobilis subsp. pomacea and was first 

discovered in 1911 by Barker and Hillier (Swings and De Ley, 1977). Selective 

anaerobic bacteria, negative as per the Gram-stanning method, grow at a 
temperature of 25-31°C and their growth, decreases at 15°C. The bacteria Z. 

mobilis has been used in the production of ethanol significantly during the past 

years and there are results from repeated studies that this bacterium was replaced 
with S. cerevisiae in bioethanol production, It was first isolated from alcoholic 

beverage in South Africa. In 1979, the Australian group Rogers P.L (Baratti and 

Bu'Lock, 1986) published the first research on the potential of Z. mobilis for the 
production of ethanol. 

Bai et al. (2008) observed that Z. mobilis are more suitable for producing alcohol 

than yeast because it has better properties compared to yeast. Moreover, some 
researchers have mentioned that the productivity of Z. mobilis from alcohol was 5-

10% higher than that of yeasts. This is due to its high ability to withstand the 

concentration of ethanol, as it bears more than 16%, tolerates high concentrations 
of sugar in the fermentation solution, and multiplies slowly during the fermentation 

process. Thus, consuming less energy than the yeast and does not need to provide 

additional quantities of oxygen during the fermentation process (Bochner et al., 

2010; Rutkis et al., 2013). 

The rate of ethanol production is affected by several factors such as the acidity, 

temperature, and concentration of the substrate in the fermentation medium. It has 
been observed in some studies the possibility of bacterial growth within 

temperature range of 25-42°C (Farkas et al., 2020). Other studies have found that 

some strains grow at 38°C but did not grow at a temperature of 40°C, and 
fermentation can occur between temperatures of 30-36°C without any change in 

the ethanol yield (Deanda et al., 1996). Z. mobilis is the only microorganism that 

ferments glucose anaerobically using the Entner-Doudoroff (ED) pathway instead 
of the Embden-Meyerhoff-Parnas (EMP) pathway (Fig. 2) (Conway,1992).  
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Figure 2 The metabolic pathway of Z. mobilis to produce bioethanol through 
fermentation of glucose. 

 

Bioethanol properties 

 

Ethanol is an organic chemical compound classified within alcohols produced by 

fermentation of carbohydrates extracted from plant materials and with the 
development of advanced technology, cellulosic materials, such as trees and herbs, 

also used as material's subject to its production (Shah et al., 2011). It has a partial 

formula of C2H6O (Stewart et al., 1983). 

 
Figure 3 The chemical composition of ethanol.  
 

It is a volatile, and flammable liquid substance, with a distinct odor. It is a polar 
compound, as it has the ability to create a hydrogen fusion between its molecules. 

Its boiling point reaches 78.32°C (Table 2). It has the ability to dissolve in polar 

solvents such as water, as it works to form hydrogen bonds with water molecules. 
It can be mixed with water, glycerin, acetone, carbon tetrachloride, benzene, 

chloroform, and many other types of organic solvents. Ethanol is used as a solvent, 

antimicrobial, disinfectant, and fuel. Ethanol produced from fermentation is used 
as an additive in automobile fuel to reduce emissions. (Logsdon, 2004). 

 

Table 2 General properties of bioethanol produced from microorganisms 

Value Properties 

-114.1 Freezing point(°C) 

78.32 boiling temperature(°C) 

0.7893 Density (g/mL) 

0.000404 Refractive index  nD/t, 20-30°C 

1.17 Viscosity  20C mPa ·s (cP) 

0.170 Thermal conductivity 20°C (W/(m·K) 

 

Applications of bioethanol 

 
Ethanol is widely used compound in daily life, either for personal / home use, or 

for cooking, lighting, heating and steam production. In addition to it, ethanol is 

also used for the production of vinegar and various types of alcoholic 
drinks. Alternatively, in the field of scientific research, drug manufacturing, and 

others, as ethanol is used as an active substance in some medicinal products that 

are taken orally by injection, or by topical use, including drugs that are taken by 
inhalation. Ethanol is used as primary solvent in pharmaceutical industries (Gupta 

et al., 2016). The application of ethanol is personal care products is due to the fact 

that limited concentrations of ethanol helps to cleanse the skin, it is used as a 
preservative and also helps to homogenize the components of the cosmetic product, 

and its presence in hair sprays helps the spray to stick to the hair, due to its 

germicidal properties, it is used in mouthwashes. It is used in disinfectants and 
sterilizers, as ethanol has anti-bacterial, anti-fungal and anti-viral properties. It is 

also used in house-hold products, such as paints, where ethanol being a solvent 

helps the mixing of paint's ingredients. It is also use as fuel for cars and engines 

after it has been mixed with other materials. The global consumption of ethanol as 

fuel for car engines is estimated at about 30 million (Fonseca et al., 2008). Ethanol 

can be used as a unit in engines or mixed with gasoline in any percentage. Most of 
today's automotive gasoline engines can run on a mixture of up to 15% bioethanol / 

gasoline (Shah et al., 2011). One of the reasons that led to the tendency to use 

ethanol as a fuel for cars is because it can be produced from agricultural and 

cellulosic waste that can be collected from wood, weeds, and local waste (Gupta 

et al., 2016). 

 

Classification of bioethanol into four generations: 

 

1- Fuel produced from edible plants such as sugar, starch and corn. 

2- Fuels produced from inedible plants, such as wood and cellulose. 
3-Fuel produced from algae and other microorganisms. 

4- Bioethanol (gasoline) produced from vegetable oil and biodiesel. 
 

The economic importance of producing ethanol from agricultural waste 

 
As the importance of bioethanol has been observed widely, its global production 

is expected to increase in the coming years due to increased investment, economic 

policies, and the desire to produce bioethanol, or fuel alcohol, and to significantly 
remove carbon from energy, thus mitigating the negative effects of greenhouse gas 

emissions from fossil fuels, and restricting climate change on a global level. For 

this reason, new distilleries would be established in the coming years, with 
production expected to exceed 110 billion liters of ethanol by 2023 (Figure 3) 

(Basso et al., 2019). In addition to its use in multiple industries many paths have 

been developed to produce the raw materials as a renewable source (de Moraes 

and Zilberman, 2014; Hoogendoorn and van Kasteren, 2010). Brazil and USA 

have been reported to be the highest bioethanol producing countries in the world. 

Brazil has been producing ethanol from sugarcane since 1975 for use as cars fuel 
while, the United States produces, ethanol from corn, and ethanol produced from 

sugar cane and corn accounts for more than 90% of the total production of 

bioethanol in the world (Logsdon, 2004). Many countries are using bioethanol to 
reduce their dependence on petroleum fuels. The United States, for example, is 

seeking to reduce its dependence on oil by 20% in 2017 and to replace it with the 

use of bioethanol. Access to renewable energy has become one of the basics for 
most countries, which have been sought considering the environmental and 

economic crises and problems the world has witnessed. Which led to the use of all 

the energies of these countries in order to obtain cheap energy through relying on 
various production sources, including biofuels, which is one of the fastest growing 

renewable energy sources in many countries, and the actual and projected 

production of biofuels worldwide could be observed during the year 2006-2030. 

 
Figure 3 Actual and projected annual production of bioethanol worldwide during 

the year 2006-2030 (World energy outlook, 2006).  

 
Agricultural crops rich in sugar and starch content are used as raw material for the 

production of bioethanol (Kumari and Singh, 2018). These raw materials may 

include sweet corn, wheat, wheat straw, rice, barley, potatoes, sugar residues, i.e. 
dates and molasses and forest residues. Therefore, the ethanol production process 

is an economical process when using agricultural waste, in addition to being eco-

friendly, Agricultural wastes are considered to be a heavy burden on the 
environment, mostly due to its improper ways of disposal. Larger amounts of 

agricultural waste leads to greater health, environmental and economic damage. 

Farmers dispose of it in a way that is harmful to the environment, especially by 
burning it, which leads to an increase in environmental pollution (Abdel-Shafy 

and Mansour, 2018). 

 

Extraction of bioethanol 

 

Ethanol is extracted from the fermentation medium through the distillation process 
to obtain ethanol at a concentration of 96%, through separation process the 

separation is done because of the difference in the boiling points of the different 

materials present in the fermentation medium, as other compounds other than 
ethanol are produced in addition to water. This difference in boiling points plays 

an important role in the separation process, as the boiling point of ethanol is 

78.3°C. The separation is carried out using distillation devices designed to extract 
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ethanol and obtain its highest concentration (Li et al., 2017). The distillation 

apparatus used to extract ethanol as the process of heating the solution to the 

boiling point, then the vapors pass through a cooling device called a condenser, 

and then the liquid that condenses is collected in a special beaker and due to the 

difference in the boiling point of ethanol and water. The ethanol evaporates and is 

separated first. 
 

Estimation of bioethanol 

 

Nakshoo et al. (2013) reported that several techniques have been utilized for 

estimation of ethanol in solutions. Indicated the use of a high-performance liquid 
chromatography (HPLC) device, using the EH-002 column, in order to obtain high 

accuracy in determining the amount of ethanol. The basis of the interaction of 

monochromatic light with the particles in the sample and scattering a small portion 
of the photons and the occurrence of vibration, and the readings appear in the form 

of diagrams (Shih, 2010). In addition to the use of infrared spectroscopy, the 

quantitative analysis of optical spectroscopy depends on Beer-Lambert's law, 
which states that there is a linear relationship between the amount of light absorbed 

by the sample and the concentration of the material. Ethanol is estimated using 

wavelengths of 1200 and 950 cm-1. The researcher Tonelli (2009), reported that 
using a GLC liquid gas chromatography device, which is characterized by high 

analysis speed and gives high accuracy in measuring GLC, is currently used as a 

standard procedure for analyzing beer in the United States and it is the most 
common method for estimating ethanol and blood (Curry et al., 1966).  

Researchers Wang et al. (2003) used GC to estimate ethanol in alcoholic 

beverages, as the sample was directly injected into the GC device after adding an 
appropriate amount of acetonitrile solution. This method took less than 8 minutes 

to obtain a result since the sample was introduced. There is an enzyme oxidation 

method using alcohol dehydrogenase that is added to the dichromate oxidation. 
Gas chromatography is the most widely used method as it gives results in a faster 

mode. The dichromate oxidation method is the simplest and most suitable for 

measuring the concentration of ethanol if the estimation is required for the purpose 
of research such as selecting a high-yielding strain, developing the bioethanol 

production process, monitoring the process and controlling the production of 

alcoholic beverages, and the determination of ethanol in clinical samples. In this 
method, the ethanol solvent is first extracted from the fermentation medium, after 

which it is measured by the method of dichromate oxidation. When ethanol is 

present in the aqueous solution, the chromium ions oxidizes ethanol and then the 
color changes from orange to green (Seo et al., 2009). The chromic acid method, 

using a spectrophotometer, was used to measure the absorption at a wavelength of 

584 nm to determine the ethanol concentration because of the standard curve of 
absolute ethanol (Caputi et al., 1968). 

 

Ethanol production from agricultural wastes 
 

Agricultural wastes are dumped in wrong ways which creates enormous amount of 

environmental pollution and also, poses negative impacts on human as well as 
animal health. Now, agricultural waste is used in many industries, the most 

important of which is the production of ethanol, which has a major economic role 

at the present time for its uses (Abdel-Shafy and Mansour, 2018). Many studies 
have been conducted on the possibility of producing ethanol from agricultural 

waste, and some countries have produced ethanol from agricultural waste instead 

of using crops of nutritional importance. Recent research includes the production 
of ethanol from potato skins left over from the food industry. More recently, 

bioethanol has been produced by using potato residues, which is a common product 

in the food industry (Huang et al., 2015). In Finland, about 1.5 million kilograms 
of potato waste are used annually to produce ethanol (Kumari and Singh, 

2018). In past study Chandra et al. (2013) who reported, the possibility of 

producing ethanol from orange peels as agricultural residues by performing the 
hydrolysis of orange peels, which are characterized by containing a high amount 

of carbohydrates and by using Z. mobilis bacteria. Kumar et al. (2011) has quoted 

that India is the largest banana producing country and economically, it is cheap. 
Ethanol could be produced from banana and banana peels using Saccharomyces 

cerevisiae. In a study, rice husks (straw) were treated with different physical and 
chemical methods, and then the cellulose enzyme was added for the purpose of 

analyzing sugars and producing bioethanol using Saccharomyces cerevisiae 

(Kumar et al., 2020). Dates are one of the inexpensive sources and are available 
in large quantities. Great efforts have been made to take advantage of the surplus 

of poor-quality dates in addition to the fallen dates in the production of bioethanol. 

It is known that Iraq is distinguished by its abundant production of dates of various 
kinds, and through researches it has been found that the Zuhdi date variety is 

distinguished by its high sugar content compared to other varieties, as well as its 

abundance of production and its cheapness (Louhichi et al., 2013). Therefore, it 
was used in the production of bio-ethanol. The total concentration of sugar in dates 

ranges between 63-68%, most of which are in the form of glucose and fructose in 

roughly equal quantities and are found in small quantities in the form of sucrose. 
Dates also contain a percentage of minerals, vitamins and nitrogen, which makes 

it a suitable raw material for the fermentation process, as these elements are 

essential for the growth of microorganisms.  

One of the studies has shown that conducted, the use of small-sized and low-quality 

dates could be used as a raw material for the production of bio-ethanol, as the dates 

are washed. Dates are first washed and then are removed from them, the pure date 

juice is produced, the concentration of sugar in the juice is adjusted, and the best 

yield of ethanol is found at a concentration of 18% when using S. cerevisiae yeast 

for production (Zohri, 2000). The concentration of date juice plays an important 
role for ethanol produced from microorganisms. Taouda et al. (2017) reported a 

study of the majority of the substrate is converted into bioethanol (88%). This is 

for the use of scrap dates as fermentation substrate. Damaged dates and 
their residue amount to 10-50% of the total annual production of dates, and the use 

of these dates and waste led to a decrease in the cost of ethanol production from 
0.34-0.68 US dollars per liter of ethanol  )Taghizadeh-Alisaraei et al., 2019). 

Spoiled fruits were used as waste products to produce bioethanol. Grapes are an 

important fruit found in all parts of the world, used for food and wine production. 
In China, the total annual production of grapes is around 5,000,000 tons (Guo, 

2003). The damaged grapes were used in the production of bio-ethanol, in addition 

to the remainder of the juice industry. Grape and beer production residues are 
bagasse. Chemical and enzymatic analyzes of grape dregs revealed the presence of 

beer quantities of fermented carbohydrates that are preserved after the grapes are 

pressed. Grape bagasse is the fibrous material that remains after extracting the 
juice from the grapefruit. The grape bagasse is separated from the grape juice 

before fermentation of the white wine. As the wine industry produces large 

quantities of bagasse annually, the potential environmental impact of grape bagasse 
is a growing concern and grape bagasse is a waste product of little economic value. 

The researcher proved that it is possible to obtain a relatively high amount of 

glucose when carrying out acidic and enzymatic hydrolysis of these wastes 
(Korkie et al., 2002).  

The researcher Raikar (2012) reported a study of ethanol production from spoiled 

grapes, as the researcher collected grapes and grapes waste from grocery stores, 
the sugar concentration in these residues was approximately 18-16%, and they 

obtained the highest production of ethanol at this concentration and by using 

Saccharomyces cerevisiae. Molasses is one of the most used materials in the 
production of ethanol because it contains a high percentage of sucrose. 

Microorganisms, the most important of which is Saccharomycse cerevisiae, which 

easily converts sucrose into glucose and fructose in the initial fermentation stage 
by the enzyme invertase located between the yeast cell wall and the cell membrane, 

by using molasses. Molasses are diluted, it to the required concentration of sugar 

and adjusting the appropriate pH for fermentation (Manoochehri et al., 2020). 
75% of the molasses produced in the world comes from sugar cane that grows in 

tropical climates in Asia, South America and Africa, while the rest comes from 

sugar beets that grow in Europe and North America in the first place, and the study 
proved that the best yield of ethanol is from molasses when using yeast. 

Saccharomyces cerevisiae at 30°C, pH equal to 5, and a dry matter concentration 

of 16% of molasses (Nakshoo and Ebrahim, 2013).   
Cazetta et al. (2007) found that fermentation of sugar cane molasses using 

Z. mobilis bacteria are best for producing a higher amount of ethanol (200g/ 

L).  The treatment and purification of molasses led to a decrease in the yield of 
ethanol compared with untreated molasses (Raharja et al., 2019). 

 

Vinegar production from ethanol 

 

The vinegar industry is one of the important industries, as the global market needs 

about more than 3 million tons annually. It and vinegar are used in many medical 
and pharmaceutical industries and in antibiotics, as well as in the manufacture of 

plastics, dyes, pesticides and the fiber industry. Vinegar has been known since 

5000 BC, and ancient Rome used it to preserve food, either alone or by adding salt 
to it. Vinegar is known as a liquid substance made from sugary or starchy 

substances resulting from the process of converting ethyl alcohol to acetic acid by 

using acetic acid bacteria and includes species of the genera Acetobacter and 
Gluconobacter. Vinegar can be produced from any alcohol. However, it is 

produced from alcoholic apple juice cider, as well as from grape juice or other fruit 

juice. 
Vinegar is also produced from a mixture of pure alcohol in water and it is called 

distilled vinegar. Vinegar is used as a flavoring and taste material in various salads 
and other foods as well as in the manufacture of pickles as it is considered a good 

preservative as it can be added to meat and vegetables and thus can be preserved 

without cooling any degree. Thus, it can be preserved without cooling at room 
temperature for several years. 

Acetic acid bacteria have the advantage of being forced air and differ from the rest 

of the aerobic bacteria in that they do not completely oxidize the electron-donor 
materials to carbon dioxide and water, so they convert ethanol (ethyl alcohol) as 

an electron donor and oxidize to acetic acid, which accumulates in the medium (La 

China et al., 2018). The acetic acid bacteria have the advantage of tolerating 
acidity and will not be killed by the acidity they are working on producing (Yagnik 

et al., 2018). It requires a large amount of oxygen to produce vinegar. It must 

provide adequate ventilation in the middle to complete the production process. The 
chemical reaction leading to the production of acetic acid. Acetic acid is an organic 

acid with the chemical formula CH3COOH and a molecular weight of 60,052 

Dalton, and it is miscible with water (Soto et al., 2019). Vinegar has a bactericidal 



J Microbiol Biotech Food Sci / Nassir and Al-Sahlany 2021 : 11 (3) e3709 

 

 

 

 
5 

 

  

effect, and Table 3 shows the minimum level of inhibiting some types of 

microorganisms by using vinegar. The effect is due to several reasons, including it 

works to reduce pH as most of the bacteria that cause human diseases grow in an 

environment of neutral acidity and it also has the ability to dissolve fats in the 

membrane (Halstead et al., 2015). The bacterial cell, in addition to its ability to 

induce a change in protein composition (dentition). 
 

Table 3 The minimum level of inhibition of some types of microorganisms by 

using vinegar. 

Minimum discouragement % (MIC) 
pH 

value 
Microorganisms 

0.29 4.1 Aspergillus niger 

0.04 4.9 Bacillus cereus 

0.04 4.9 Bacillus mesentericus  

0.02 5.2 Phytomoas phaseoli 

0.59 3.9 Saccharomyces cerevisiae 

0.04 4.9 Salmonella spp. 

0.03 0.5 Staphylococcus aureus 

 
Studies have reported that that adding vinegar to food reduces food poisoning cases 

at a concentration of 0.1%. It was sufficient to inhibit the growth of all bacterial 

strains, and studies indicated that industrial vinegar is the most effective. Among 
its other uses, it is used for preserving food for its ability to kill germs, as well as 

a flavor-gaining substance, and it is preferred over salt in preserving meat as it 

increases its tenderness while salt increases the consistency of meat (Kuda et al., 

2013). 

 

Vinegar production methods 

 

Distilled vinegar is produced by using ethanol, and the vinegar manufacturing 

process goes through two stages: 
 

1- Alcoholic fermentation: Sugar gets converted to ethanol by yeasts. 

 C6H12O6                   2C2H5OH + 2CO2 
2- Acetic acid fermentation: Ethanol gets converted to acetic acid by 

bacteria through enzymatic under aerobic condition, The following equation 
represents the two stages of fermentation. 

2C2H5OH + O2                CH3COOH + H2O 

  
Vinegar can be manufactured using different fermentation methods. These 

methods basically depend upon the conditions provided for oxidation of 

ethanol. Another method to carry out the fermentation process is the submerged 
method, in which fermentation occurs within 30 hours. The fermentation takes 

place in aerobic conditions, as the acetic acid bacteria oxidize the ethanol 

aerobically to acetic acid, and every 1 gram of ethanol gives 1.26 grams of acetic 
acid and the resulting vinegar is white in color (Matloob and Hamza, 2013). There 

are three different processes used to produce vinegar. 

 

Orleans Method 

 

It is the original method and is still used in France. In this method, wine is placed 
in a large jar superficially to ensure that the liquid is exposed to the air in sufficient 

quantity. The acetic acid bacteria are placed as a slimy layer on the surface of the 

liquid and this method is inefficient because the only place where the bacteria are 
in contact. However, this method is not efficient because the only place where 

bacteria are in contact with the liquid and the air is the surface of the liquid only 

(Mas et al., 2014). 
 

Trickle Method  

 
In this method, the contact between bacteria, air and material can be increased by 

distilling the alcoholic liquid over wood shavings in a container or column and 

passing a stream of air towards the top of the container. Bacteria grow on the 
surface of sawdust, thus their exposure to liquid and air maximum. The vinegar 

generator is called the “vinegar generator” and the process is called the German 

process. It is carried out using a continuous production technique. The sawdust 
used in the production of vinegar can have a lifespan of 5-30 years, depending on 

the type of alcoholic liquid used in the process. This method is considered one of 

the fastest methods of producing vinegar. The vinegar generators are of different 
sizes and shapes, as the diameter of the device can reach 15 feet. The Acetobacter 

aceti bacteria present on the surface of the liquid and sawdust oxidize the alcohol 

to acetic acid, and then the acetic acid collects in the collection room below the 
generator and is collected periodically from the device. The oxidation process 

carried out by the bacteria by converting the bacteria into acetic acid produces heat 

from it, so the vinegar generator is equipped with a cooling room to maintain a 

temperature between 25-30°C (Vidra and Németh, 2018). 

 

 

Bubble Method  

 

A submerged or submerged farm is used in a similar way to produce antibiotics or 

enzymes with high ventilation and more efficiently than that used in the production 

of antibiotics. The production mode is of a continuous type and the alcoholic liquid 

is added at a rate equal to the rate of removal of the vinegar formed. The production 
mode shall be of the continuous type and the alcoholic liquid is added at a rate 

equal to the rate of removal of the vinegar formed. This method is very efficient, 

as 90-98% of the alcohol gets converted to acetic acid (vinegar). As for the 
disadvantages of the method, it needs filtration to ensure that bacteria are separated 

and removed from the liquid, unlike the previous two methods, as the bacteria 
remain either attached to the sticky layer on the surface of the liquid or adhered to 

sawdust. Although making acetic acid chemically is very easy, vinegar produced 

by microorganisms has properties and advantages related to flavor, taste and taste 
due to the presence of other materials that result from the fermentation process on 

it, so making vinegar by microbial methods could not be replaced by chemical 

methods (Jannah et al., 2020). 
 

Acetic acid bacteria (AAB) 

 
It is a Gram-negative bacteria and a forced aerobic bacterium that are unable to 

form spores, which can be eliminated through the process of pasteurization. These 

bacteria are characterized by their tolerance of high acidity, but with a lower 
percentage of lactic acid bacteria (Niamah et al., 2017). These bacteria are 

naturally present in the air, and could be isolated from damaged fruits, 

unpasteurized beer and apple juice, and it grows on the surface because it is an 
obligatory aerobic bacterium (Solieri and Giudici, 2009). These bacteria can 

oxidize ethanol to acetic acid. Acetic acid bacteria belong to the Acetobacteraceae 

family, which includes many genera and species. Currently, it is categorized into 
nineteen genera, including  

Endobacter, Gluconacetobacter, Gluconobacter, Granulibacter, 

Komagataeibacter, the main species responsible for vinegar production belongs to 
the genera Acetobacter, Gluconacetobacter, Gluconobacter and 

Komagataeibacter due to their high ability to oxidize ethanol to acetic acid and 

their ability to withstand high concentrations of acetic acid produced in the 
fermentation medium. The most common types of AAB used for vinegar 

production are Acetobacter aceti, Acetobacter cerevisiae, Acetobacter malorum, 

Acetobacter oeni, Acetobacter pasteurianus, Acetobacter pomorum, 
Gluconacetobacter entanii, Gluconacetobacter liquefaciens, Gluconobacter 

oxydans, Komagataeibacter europaeus, Komagataeibacter hansenii, 

Komagataeibacter intermedius, Komagataeibacter medellinensis, 
Komagataeibacter oboediens, Komagataeibacter xylinus. Its optimum growth 

temperature ranges between 25-30°C. The optimum pH for their growth is 5- 6.5, 

but they can also grow at lower pH values (Gomes et al., 2018).    
 

Metabolism of acetic acid bacteria 

 
These bacteria oxidize ethanol by using the citric acid cycle enzymes. Initially, the 

alcohol is dehydrogenated to form acetaldehyde and two hydrogen ions by the 

enzyme Alcohol dehydrogenase (ADH) and two electrons are released. In the 
second step, the hydrogen ion binds with oxygen to form water, which binds 

with acetaldehyde to form aldehyde. During the third step, the enzyme Aldehyde 

dehydrogenase (ALDH), which converts acetaldehyde into acetic acid, releases 
two hydrogen ions and two electrons (Figure 4) (Lynch et al., 2019; Tan, 2005). 

 

 
Figure 4 Chemical equation showing conversion of ethanol to acetic acid. (1) 

Alcohol dehydrogenase, (2) Aldehyde dehydrogenase  

 

CONCLUSIONS 

 

There are several species and strains of microorganisms that could be used for the 
production of bioethanol. However, its production depends upon the type of 

microbial strain, industrial robustness, substrate utilization, productivity and yield 

percentage. Yeasts have been considered as the best industrial bio-catalyst for the 
production of bioethanol. However, in case of bacterial species; apart from S. 

cerevisiae, Z. mobilis have also been counted as a promising source for the 

production of bioethanol This bacterium is a naturalistic ethnologic and has several 
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eligible processing biocatalyst properties, such as high specific productivity, high 

alcohol percentage tolerance, a wide pH range for production (pH 3.5–7.5), and 

most importantly it is regarded as safe bacteria. The agricultural wastes are best-

utilized substrate for ethanol production. Needs to be removed from here, already 

discussed.  
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