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                                   ABSTRACT  

 

This study was aimed to determine the ethanol potential of prosopis juliflora pod by 

fermentation using saccharomyces cerevisiae yeast. The milled p.juliflora pod was 

hydrolysed by distilled water and by dilute sulfuric acid (0.2, 0.4, and 0.8 M) at 

temperature of 90°C for 15 and 30 minutes. The result showed that the maximum glucose 

(113.2 g/l) was obtained from hydrolysis of 100 g p. juliflora pod flour by 250 ml 

distilled water at 90 for 30 minutes followed by, 92.4 g/l, 68.1 g/l, and 56.1 g/l with  0.2, 

0.4 and 0.8 M sulfuric acid respectively. This shows that treatment of Prosopis juliflora 

pod flour releases less glucose with increasing concentrations of sulfuric acid ranging 

from 21% with 0.2M to that of 50% reduction with 0.8M acid treated hydrolysate 



compared to the glucose concentration of water treated pod flour.  NMR analysis of the 

fermented hydrolysate gives maximum ethanol concentration of (5% w/v) with water and, 

4%, 3 % and 2.5% of ethanol with 0.2, 0.4 M and 0.8 M sulfuric acid hydrolysis at 90
o
C 

for 30 minutes respectively. Treatment with water is an effective way that result the 

maximum yield and treatment with 0.8M acid is the least effective. 15 minute hydrolysis 

resulted lower ethanol 4%, 2.7%, 2%, and 1.6% with water, 0.2, 0.4 and 0.8M sulfuric 

acid respectively. The optimum fermentation time was 24 hour which gives maximum 

concentration of ethanol (5%w/v) with water and the concentration decreases slightly 

after 24 hours fermentation. 
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1. INTRODUCTION 
 

One of the greatest challenges for the growing society in this century is to meet the 

energy demand for transportation, heating, lighting and industrial processes, which have 

significant impact on the environment. These challenge demanding an urgent need to 

carry out research work to find out the viable alternative fuels. One of the promising 

alternative fuels to gasoline in the transport sector is bioethanol. Fuel ethanol is known as 

bioethanol, since it is produced from plant materials by biological processes. Bioethanol 

is mainly produced by fermentation of sugar containing crops like corn, maize, wheat, 

sugar cane, sugar beet, potatoes, sorghum, and cassava.   

 

There are lots of other alternative fuels such as methanol, methane, natural gas, propane, 

hydrogen, etc. Nevertheless, the remarkable characteristics of ethanol distinguish it as the 

best alternative fuel for automobile. It has high latent heat of vaporization, high octane 

number and rating, and emission of toxic compounds on its combustion is low 

(Mathewson, 1980). 

 

Approximately 80% of the ethanol produced in the world is still obtained from 

fermentation; the remainder comes largely by synthesis from the petroleum product 

ethylene (Tanaka, 2006). 

 

The use of fossil fuel in cars releases carbon dioxide, carbon monoxide, sulfur dioxide, 

oxides of nitrogen and heavy metals. These gases are the main constituents of green 

house gas and they are responsible to global warming and climate change.  
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Now a day research on non- food crops and cellulosic materials getting great attention 

worldwide because they are cheap, easily available, and profitable as compared to food 

crops and also reduces inflation of the cost of food crops used for bioethanol production.  

 

One of the fast growing trees which have the potential to substitute food crops for 

bioethanol production is Prosopis juliflora. It is a tree species native to Northern Mexico 

and the Southern U.S. that survives droughts and thrives in sunny arid regions. The plant 

fixes its own nitrogen, requires no seeding, fertilization or irrigation, and grows on dry, 

nutrient-poor soils.  It is a truly promising tree for droughts, because of its multiple and 

important potential and actual uses, as well as of its remarkable resistance to drought, 

heat, and poor soils. Most often, the tree grows only to become a thorny shrub, but its 

complex and deep-ranging root system allows it to tap different water tables, both at the 

surface and deep underground, which makes it a very hardy crop. The roots also act as an 

energy storage mechanism, because once a tree is cut down, new shoots spring up rapidly 

from the existing roots (Pasiecznik et al., 2001). 

 

The fruit produced by Prosopis species are legume pods, high in sugars, carbohydrates 

and protein. Pods have been a historic source of food for human populations where 

Prosopis species are found, increasingly becoming less important as a human food and 

more important as a livestock feed during the last few centuries. Pods vary considerably 

in size between species and even between populations and individual trees of some 

species. Pods of all Prosopis species are composed of an exocarp, a sometimes fleshy 

mesocarp, fibrous endocarps and hard seeds. The form and relative amounts of each 
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varies widely between species, with several Prosopis species having a high percentage of 

mesocarp favoured as a source of food and feed ( Choge et al., 2007).  

 

P. juliflora grows in Ethiopia mainly in arid and semi-arid areas of the Rift Valley.  It is a 

highly invasive exotic tree, introduced to Ethiopia in the 1970s, that is spreading in the 

pastoralist areas of Ethiopia, making vast areas of land unavailable for grazing and it is 

becoming difficult to remove it.  When the plant is cut new off springs are grown from 

the root in a short period. This makes the removal of the weed difficult. The invasiveness 

of the species has been aggravated in Afar by animals which feed on it, such as camel, 

goats and cattle (Hailu Shiferraw et al., 2004). 

 

P. juliflora is a fast growing tree species and it will be a good source of bioethanol 

production to reduce dependence on the rapidly increase price of petroleum crude and 

products and other problems related to environmental pollution and increase in cost of 

food crops. It is also   that finding a way to make use of the plant will serve communities 

by creating job and services and the farmers will benefit from it by supplying the feed 

stock for the producers of bioethanol. 

 

Keeping the above things in mind a study was undertaken with the following objectives: 

The main objective of this research work is to evaluate the potential of P. juliflora pod 

for bioethanol through hydrolysis in distilled water and dilute sulfuric acid and 

fermentation. 
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The following are its specific objectives: 

 

• To produce bio-ethanol from P. juliflora pod by hydrolysis in distilled water and 

in different concentration of dilute sulfuric acid and batch fermentation. 

• To determine whether or not the P. juliflora pod will be a feasible source of 

bioethanol. 

1.2 Hypothesis 

 

If the P. juliflora pod is subjected to water and acid hydrolysis and fermentation using the 

yeast Saccharomyces cerevisiae, then a significant amount of bioethanol can be 

extracted. There is a significant difference in the average amount of ethanol produced 

when residence time in acid and fermentations times are varied.  

 

There is a significant difference in the average amount of ethanol produced when 

different concentration of acid are used. There is a significant difference in the percentage 

yield of bioethanol that uses acid hydrolysis or no difference. 

 

1.3 Significance of the Study 

 

Continuous burning of fossil fuel increase emission of green house gasses to the 

atmosphere and causes global warming. In addition to this due to our extensive and 

continuing over-utilization, our reserves are quickly being depleted. If our consumption 

goes in this rate the fossil fuel reserve will be depleted completely within short period.  
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So to sustain the fast depletion of fossil fuel reserves and to solve environmental 

concerns, the search of an alternative fuel is crucial, and one of the alternatives is 

bioethanol. This study aims to utilize Prosopis juliflora as a raw material to obtain 

bioethanol, thereby significantly contributing to the reduction of fossil fuel dependence 

and environmental pollution. 
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2. LITERATURE REVIEW 

 

P. juliflora is one of the alien invasive species that cause detrimental effect in most 

African countries. The plant was introduced in 25 countries in the continent, including 

Sudan, Ethiopia, Eritrea, Kenya, Tanzania in East and Horn of Africa, Namibia, 

Zimbabwe, South Africa in the South Africa, Morocco, Algeria, Tunisia, Libya, Egypt in 

North Africa, Cape Verde, Senegal, Gambia, Mauritania, Mali, Burkina Faso, Niger, and 

Chad in the Sahel region of Western Africa, Ghana and Guinea-Bissau and Nigeria in 

West Africa (Mwangi, and Shallow 2005). 

 

P. juliflora spreads by livestock which eat its pods and distribute them undigested in their 

feces. Aggressive invasion of P. juliflora results in suppression of native bio-diversity 

and species richness of habitats such as pastures, woodlands and arable lands. The wide 

dense coverage of the spice is the main problem in arid pastoralists. It forms thick 

impenetrable forest that cover the grazing land and the camel and goats are unable to 

reach grasses inside it. In addition P. juliflora destroys any species that grows around it. 

In water catchment reservoirs the weed causes increased evapo-transpiration loss of water 

and increased siltation leading to human encroachment (Pasiecznik et al., 2001). 
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Table 1. Composition of flour from whole pods of P. juliflora from Baringo District, Kenya. (Source; Prosopis 

pods as human food, with special reference to Kenya (Choge et al., 2007)). 

 

Component (value / 100 g dry matter) 

Protein (g) 16.2 

Fructose (g) 3.2 

Galactose (g) 0.8 

Maltose (g) <0.4 

Carbohydrate (g) 69.2 

Dietary fiber (g) 47.8 

Monosaturated fatty acid (g) 0.4 

Saturated fatty acids (g) 0.56 

Ash (g) 6.0 

Total sugars (g) 13.0 

Glucose (g) 0.8 

Sucrose (g) 7.5 

Lactose (g) 0.7 

Energy value (kJ) 1530 

Fat (g) 2.12 

Polyunsaturated fatty acids (g) 1.06 

Sodium (mg) 20 

Total solids (g) 93.5 

 

 

It is a paradoxical plant among the agro pastoralists, pastoralists, mechanized farmland 

owners, and ecologists in arid areas of Ethiopia. Some groups of people are advocating 

for the survival of the species whereas other groups are desperately looking for systems 

that can eradicate the species from the area. It is a multipurpose tree/shrub that is used for 
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feed of livestock, shade, windbreak, charcoal, live fence, and firewood as well as house 

construction (Hailu Shiferraw et al, 2004).  

 

With the Kyoto agreement being in force since 16 February 2005—with the aim of 

obliging the industrialized countries to reduce, between 2008 and 2012, the emission of 

greenhouse gases resulting from the burning of fossil fuels to an average level 5.2% 

lower than the values of 1990, governments are investing worldwide in the search for 

alternative and renewable sources of fuel and feedstock chemicals (Canettieri et al, 

2007). 

 

 The use of ethanol as a neat fuel has also recently gained popularity because of its ability 

to reduce harmful auto emissions (Aden et al, 2000). Bioethanol is an environmentally 

friendly fuel for vehicles that normally run on petrol. As a renewable source of energy, it 

reduces demand on fossil fuels while it burns more cleanly and with reduced emissions of 

CO2, a greenhouse gas. It is an alcohol and is fermented from sugars, starches or from 

cellulosic biomass. During the last two decades, advances in technology for ethanol 

production from biomass have been developed to the point that large-scale production 

will be a reality in next few years (Yu and Zhang, 2004). 

 

When ethanol and gasoline are respectively burned in correct stoichiometric ratios, they 

have about equal volumetric efficiency. When gasoline is burned, it produces water, 

carbon dioxide, carbon monoxide and other impurities such as oxides of sulphur and 

nitrogen, and heavy metals. On the other hand, pure ethanol is burned to produce carbon 

dioxide, water, and a much lower amount of carbon mon oxide. There is no emission of 
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other green house gases like sulfur dioxide and oxides of nitrogen. Hence, ethanol will be 

a better replacement for gasoline (Akpan et al., 2008). 

 

So to the extent that ethanol displaces a fossil fuel, such as gasoline, there can be a net 

reduction in their release of carbon dioxide to the atmosphere. In fact bioethanol is 

carbon neutral in that it reduces, by up to 70 %, the amount of greenhouse gas released 

into the atmosphere ( Najafpour and Lim, 2002).  

 

As stated by Wyman and Hinman, (1990) Bioethanol is now considered as a suitable 

alternative or supplement to fossil fuel for transportation. According to Licht, (2007), the 

total world production of ethanol was about 40,700 million liters, of which 73% is used 

as vehicles fuel, 17% for production of beverages and 10% for other industry needs. 

Brazil and the United States are by far the largest producers with 37% and 33% share of 

the world production of ethanol. 
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Figure 1 Global distribution of bio-ethanol production in 2007.  

                 (source:   Licht, 2007 ) 

 

As discussed by (Madson and Monceaux, 2003) bioethanol have many advantages that 

make it valuable for replacing petrol and diesel: 

• It is renewable and does not contribute to the emissions of Greenhouse gases. 

• Emissions of NOx, SOx, and particulate matter are much lower than from diesel 

and petrol. 

• It is biodegradable and does not harm the environment even if it leaks out. It is 

less explosive, less poisonous and easier to extinguish if burning than petrol and 

diesel. 

• Bioethanol has excellent combustion properties, improving the energy 

effectiveness of the engine with up to 20 %. 

• Bioethanol can be produced locally, hence reducing the need of imported energy 

for transport. 
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Security of supply and societal effects 

 

Local production of bioethanol contributes to employment and reduces the need for 

agricultural subsidies in the short term and reveals large potentials for new industrial and 

local development practical advantages. Ethanol is excellent hydrogen carrier to be used 

in future fuel cells Biomass-to-ethanol production may be attractive because biomass 

would cost less than corn. 

 

By blending ethanol with gasoline the fuel mixture can be better; oxygenated, it burns 

more efficiently and reduces polluting emissions. Ethanol fuel blends are widely sold in 

the United States and the most common blend is 10% ethanol and 90% petrol (E10). 

Vehicle engines require no modifications to run on E10 and vehicle warranties are also 

unaffected also. Only flexible fuel vehicles can run on up to 85% ethanol and 15% petrol 

blends (E85) (Tanaka, 2006).   

2.1 Ethanol feedstock 

 

Bioethanol is made from a variety of agricultural products such as grain, molasses, fruit, 

whey and sulfite waste liquor. The most widely used sugar for ethanol fermentation is 

molasses which contains about 35 – 40 wt% sucrose, 15 – 20 wt% invert sugars such as 

glucose and fructose, and 28 – 35 wt% of non-sugar solids ( Najafpour and Lim, 2002). 

 

Brazil uses sugarcane as primary feedstock. More than 90% of the ethanol produced in 

the U.S. comes from corn. Sugar cane and sugar beets produce most of the world’s 

ethanol. In the United States, corn is the primary feedstock, while in Canada, corn and 
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wheat are used. A large quantity of the ethanol produced in Canada and the United States 

is destined for use as fuel. 

 

In Central and South America the dominant Motor fuel grade ethanol (MFGE) feedstock 

is sugar, either in the form of cane juice directly from crushed cane, or from molasses. In 

North America, the dominant feedstock is starch from grain, with 90% derived from corn 

(Madson and Monceaux, 2003). 

 

Bioethanol is mainly produced in Sweden from wheat starch. But since the summer of 

year 2005 to the end of 2007 the wheat price has increased with 150 %. It is no longer 

profitable to produce bioethanol from wheat. To keep the bioethanol production 

profitable an alternative is to covert the plant to a different feedstock (Nilsson, 2008). 

 

Tanaka, (2006) classified Ethanol feed stocks under three types of agricultural raw 

materials: sugar, starches, and cellulose. Sugars (from sugar cane, sugar beets, molasses, 

and fruits) can be converted to ethanol directly. Starches (from grains, potatoes, root 

crops) must first be hydrolyzed to fermentable sugars by the action of enzymes.  

 

Starch molecules are made up of long chains of glucose molecules. Thus, starchy 

materials can also be fermented after breaking starch molecules into simple glucose 

molecules. Starchy materials require a reaction of starch with water (hydrolysis) to break 

down the starch into fermentable sugars (saccharification) (Taylor et al,., 2001). 
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Cellulose (from wood, agricultural residues, waste sulfite liquor from pulp and paper 

mills) must likewise be converted to sugars, generally by the action of mineral acids. 

Once simple sugars are formed, enzymes from yeast can readily ferment them to ethanol. 

 

As cited by (Tanaka, 2006) most agricultural biomass containing starch can be used as a 

potential substrate for the ethanol fermentation by microbial processes. These substrates 

include corn (maize), wheat, oats, rice, potato and cassava. On a dry basis, corn, wheat, 

sorghums (milo) and other grains contain around 60 to 75% (w/w) of starch, hydrolysable 

to hexose with a significant weight increase (stoichiometrically the starch to hexose ratio 

is 9:10), and these offer a good resource in many fermentation processes  (Jackman, 

1987). 

 

Cellulosic materials include agricultural and forestry residues, portions of municipal solid 

waste, and dedicated woody and herbaceous crops. These resources are very inexpensive 

and abundant, and provide a unique and natural approach to solar energy collection and 

storage.  

 

Cellulosic materials are composed of lignin, hemicelluloses, and cellulose thus 

sometimes are called lignocellulosic materials. Cellulose molecules consist of long chains 

of glucose molecules (6-carbon sugars) as do starch molecules, but have a different 

structural configuration. These structural characteristics plus the encapsulation by lignin 

makes cellulosic materials more difficult to hydrolyze than starchy materials. 
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Hemicelluloses are also comprised of long chains of sugar molecules, but contain 

pentoses in addition to glucose (Taylor et al,. 2001). 

 

Both cellulose and starch consists of long polymer chains with glucose as the repeating 

unit. Bioethanol could in theory be produced from cellulose in the same way as from 

starch. The polymer chains are cut up to single glucose molecules, saccharification, and 

then fermented into ethanol. The ethanol is then concentrated and by-products are 

separated with distillation (Nilsson, 2008). 

2.2 Ethanol production 

 

 

Ethanol can be produced in two different ways. Either chemically, by hydration of 

ethylene, which is derived from crude oil or natural gas, or by fermentation of sugar-

containing feeds, starchy feed materials or lignocellulosic materials (Olsson, 1994).  

 

About 5% of the ethanol produced in the world in 2003 was actually a petroleum 

products. It is made by the catalytic hydration of ethylene with sulfuric acid as the 

catalyst.  It can also be obtained via ethylene or acetylene, from calcium carbide, coal, oil 

gas, and other sources. Addition of water to the double bond in the presence of an acid 

which catalyzes the reaction converts ethene to ethanol: 

 

2 2 2 3 2CH CH H O CH CH OH= + →  

 

When microorganisms are grown on sugars in the presence of oxygen, they obtain 

cellular material and energy by oxidizing these organic compounds. As a result of this 
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oxidation, carbon dioxide and water are produced as metabolic waste products.  Certain 

microorganisms are able to grow on organic compounds such as sugar in the absence of 

oxygen. During this anaerobic growth sugars are fermented to ethanol (Sofer and 

Zaborsky, 1981) 

 

Producing fuel ethanol from grains using the dry-grind process involves four major steps: 

• Preparation of the grain (grinding, liquefaction, and saccharifaction),  

• Fermentation of the sugars,  

• Recovery of the ethanol, and  

• Handling (centrifugation, evaporation, and drying) of the coproducts  

(Melsert, 2007). 

 

As stated by (Bostid, 1983) the preparation of ethanol from cellulose-, starch-, and sugar-

containing raw materials involves the following general steps: 

• Pretreatment- the physical or chemical conversion of the raw material to a 

hydrolyzable substrate. 

• Hydrolysis- the enzymatic reaction that converts the starch or cellulose to sugars. 

• Yeast fermentation-the conversion of sugars to ethanol and carbon dioxide. 

• Purification-the separation of ethanol from the by-products and wastes. 

2.2.1 Pretreatment  

 

The goal for the pretreatment is to make the feedstalk easier for the hydrolysis. There are 

many ways of pre-treating the material; it can be done chemically, physically, 

biologically or as a combination of these. It is required to alter the biomass macroscopic 
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and microscopic size and structure as well as its submicroscopic chemical composition 

and structure so that hydrolysis of carbohydrate fraction to monomeric sugars can be 

achieved more rapidly and with greater yields (Sun  and Cheng, 2002). 

 

When mono- and disaccharide sugars exist naturally in plants, they can be released by 

simple pre-treatment that includes chopping or crushing, and washing with hot water to 

release the sugar from the plant material. Prior to fermentation, the mixture of sugar, 

water, and plant material may be treated to remove plant material, chemical substances, 

or microorganisms that could inhibit the fermentation process.  

 

Treatments can include filtration, centrifugation, chemical additives, heat sterilization, or 

even adding microorganisms that target chemicals other than sugar. Starch molecules are 

too large to be used directly by microorganisms for energy reactions. When starches are 

to be the feedstock for fermentation, the cell walls and husks of grain and other starch 

feed stocks must be opened to make the starch accessible. 

 

For fermentation processes based on starch, the raw material is usually some kind of 

grain. To release the starch, the grains must first be broken open. The two most widely 

used methods of doing this are wet milling and dry milling (Lichet, 2001). 

 

In wet milling the grain is first steeped in a solution of water and sulfur dioxide for 24–48 

hours at a temperature of around 52°C, and then passed through mills to loosen the germ 

and the hull fibers. Dry milling is a grinding procedure of the grain to make the starch 

accessible for further processing. Dry milling creates a starch-rich mash that contains 
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other portions of the grain, such as oils, proteins, and husks. Further processing is 

required to break the starch into fermentable sugars of one or two molecules. 

 

Grinding makes corn small pieces, which can increase its surface area. Then, the increase 

in its surface area can enhance the contact between starch and water. Two types of mills, 

a roller mill and a hammer mill, are usually employed. For an industrial use, a hammer 

mill is mostly used because of its accuracy and its application for large amount (Onuki, 

2005). 

 

2.2.2 Hydrolysis 

 

Hydrolysis is the process by which water splits a larger molecule into two smaller 

molecules. Historically, acids have been used to catalyze (speed up) the hydrolysis of 

starch in “starch cookers” operating at temperatures of 150 to 200°C, a process referred 

to as acid hydrolysis. 

 

Acid pretreatment for ethanol production was developed in Germany in the 19th century. 

In the United States, the U.S. Forest Service, Forest Products Laboratory (FPL) 

conducted extensive research using acid pretreatment for ethanol production from wood. 

The dilute acid pretreatment works fairly well on agricultural feedstocks, such as corn 

stover and rice/wheat straw. It removes hemicellulose and therefore the recalcitrance to 

enzymatic hydrolysis of cellulose (Zhu et al., 2008).  

 

Dilute acid, particularly hydrochloric acid, may be used to convert grains, potatoes, and 

other starch containing raw materials. Grains, vegetables, and other starch containing 
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materials may be saccharified through the use of acids, such as sulfuric or hydrochloric 

acid (Dunn, 1959). 

 

As cited by (Dunn, 1959), starch containing mashes may be hydrolyzed (saccharified) 

satisfactorily by the use of sulfurous acid. They showed that pure starch may be 

completely converted in to glucose in 15 minute at 165°C. 

 

Acid hydrolysis of starch is accomplished by directly contacting starch with dilute acid to 

break the polymer bonds. This process hydrolyzes the starch very rapidly at cooking 

temperatures and reduces the time needed for cooking. Since the resulting pH is lower 

than desired for fermentation, it may be increased after fermentation is complete by 

neutralizing some of the acid with either powdered limestone or ammonium hydroxide.  

 

Enzymatic hydrolysis uses organisms and in some cases synthetic enzymes. It takes place 

under milder process conditions than that of dilute acid hydrolysis, thus leading to a 

decreased formation of by-products. On the other hand, reaction times are very long (1 – 

2 days) and the process requires large concentrations of enzymes in order to achieve high 

conversions of cellulose. 

 

 Anuj et al.,(2007) reported that dilute acid hydrolysis has some limitations. If higher 

(above 160
0
C) temperatures (or longer residence time) are applied, the hemicelluosic 

derived monosaccharides will degrade and give rise to fermentation inhibitors like furan 

compounds, weak carboxylic acids and phenolic compounds.  
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In order to remove the inhibitors and increase the hydrolysate fermentability, several 

chemicals and biological methods have been used. These methods include overliming, 

charcoal adsorption, ion exchange, detoxification with laccase and biological 

detoxification .The detoxification of acid hydrolysates has been shown to improve their 

fermentability; however, the cost is often higher than the benefits achieved. 

 

To get an efficient fermentation severe inhibition should be avoided. There are four 

different strategies to do this: (Taherzadeh, 1999). 

1. Modify the hydrolysis processso that less inhibitors are formed. 

2. Detoxification. 

3. In-situ detoxification. Furfural and 5-hydroxymethyl furfural (HMF) can be converted  

    to less toxic compounds by S.cerevisiae if high concentrations of the inhibitors are  

    avoided. 

 

 

 

 
 Figure 2. HMF and furfura 

 

4. Use a microorganism that is less sensitive to the inhibitors. 

2.2.3 Fermentation 

 

Fermentation is the process whereby sugar is broken down into alcohol and carbon 

dioxide by the action of microorganisms. Fermentation processes from any material that 

contains sugar could give ethanol (Tanaka, 2006). Yeast is a facultative anaerobe. In an 

aerobic environment, it converts sugars into carbon dioxide and water. In an anaerobic 

 O
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environment, it converts sugars into carbon dioxide and ethanol. Thus, for an ethanol 

industry, it is important to exclude significant oxygen from its system (Onuki, 2005).  

 

The fermentation method generally uses three steps: 

A. the formation of a solution of fermentable sugars, 

B. the fermentation of these sugars to bioethanol, and  

C. the separation and purification of the ethanol, usually by distillation (Demirbas, 

2005).  

Fermentation involves microorganisms that use the fermentable sugars as substrate and in 

the process produces ethyl alcohol and other by products. These microorganisms can 

typically use the 6-carbon sugars, one of the most common being glucose.  

 

Fermentation of starch is somewhat more complex than fermentation of sugars because 

starch must first be converted to sugar and then to ethanol. Fermentation is carried out in 

a reactor with yeast components that convert the glucose or other monosaccharides to 

Ethanol. The fermentation process breaks down 1 part sugar into 2 parts Ethanol and 2 

parts Carbon Dioxide: 

 

6 12 6 3 2 22 2C H O CH CH OH CO→ +  

 

On a mass basis, one kilogram of glucose will theoretically produce 0.51 kg of ethanol 

and 0.49 kg of carbon dioxide. However, glucose consumed to generate additional yeast 

cells (cell mass) does not result in the production of ethanol. Most industrial fermentation 

processes operate at 90 to 95% of the theoretical yield (Melsert, 2007).  
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2.2.4 Distillation 

 

Distillation is one of the steps of the purifications. Distillation is the method used to 

separate two liquid based on their different boiling points. However, to achieve high 

purification, several distillations are required. This is because all materials have 

intermolecular interactions with each other, and two materials will co-distill during 

distillation. This means that proportion between two materials, in this case ethanol and 

water can be changed, still, there are two materials in both layers, the liquid and the vapor 

layers ( Onuki, 2005). 

 

Whatever method of preparation is used, the ethanol is initially obtained in admixture 

with water. The ethanol is then extracted from this solution by fractional distillation. 

Although the boiling point of ethanol, 78.3 
0
C, is significantly lower than the boiling 

point of water, 100 
0
C, these materials cannot be separated completely by distillation. 

Instead, an azeotropic mixture (i.e. a mixture of 95% ethanol and 5% water) is obtained, 

and the boiling point of the azeotrope is 78.15
0
C.  

 

In a distillation, the most volatile material (i.e. the material that has the lowest boiling 

point) is the first material to distill from the distillation flask, and this material is the 

azeotrope of 95% ethanol which has the lowest boiling point. If an efficient fractionating 

column is used, 95% alcohol could be obtained first and then a small intermediate 

fraction of lower concentration, and then water. But no matter how efficient the 

fractionating column used, 95% alcohol cannot be further concentrated by distillation 

because the vapour has exactly the same composition as the liquid; towards distillation, 

then, 95% alcohol behaves exactly like a pure compound (Jackman, 1987).  
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Since the ethanol contains 95% alcohol it is a binary azeotrope. Azeotropes having 

boiling points higher than those of their components are known as maximum-boiling 

mixtures (Jackman, 1987).  

2.2.5 Dehydration 

 

After distillation, about 5% of water remains in ethanol. Especially, this water is a big 

problem for fuel ethanol because the presence of this amount of water enhances the 

molecular polarity of ethanol when it is mixed with gasoline. Consequently, they separate 

into two phases, ethanol phase and gasoline phase. It is easy to imagine that this 

inhomogeneous fuel is not acceptable. Thus, dehydration can be another issue (Onuki, 

2005). 

 

For the ethanol to be usable as a fuel, water must be removed. Most of the water is 

removed by distillation, but the purity is limited to 95-96% due to the formation of a low-

boiling water-ethanol azeotrope. For blending with gasoline, purity of 99.5 to 99.9% is 

required, depending on temperature, to avoid separation. Currently, the most widely used 

purification method is a physical absorption process using molecular sieves. Another 

method is azeotropic distillation. 
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2.2.5.1 Azetropic distillation 

 

In azetropic distillation, a third chemical, called entrainer, is added into solution. In this 

case, usually benzene or cyclohexane is chosen. An entrainer has a strong chemical 

interaction with the chemical to be separated. Thus, when an entainer is introduced into 

solution, three phases appear. In the case of ethanol and water, one layer is almost pure 

water, another is pure ethanol, and the other is the mix of three compounds. However, 

some problems are included in this method. First, it is complicated. Next, it is easy to 

contaminate objective compounds with the entrainer. Also, safety issues such as 

flammability or toxicity are always considered in the process (Onuki, 2005). 

2.2.5.2 Molecular sieves 

 

For the dehydration purpose, zeolite molecular sieves are usually employed. Molecular 

sieves have many pores. While the entrance of the pore is small, the inside of it is 

relatively large. The pore size of the molecular sieves used for ethanol dehydration is 

generally around 3 Angstroms (0.3 nm). This is very ideal to dehydrate ethanol because 

the diameter of ethanol molecule is 4.4 Angstroms, and the diameter of water molecule is 

2.8 Angstroms. Thus, this pore can absorb water molecules while it cannot absorb ethanol 

molecules. Also, this reaction is not chemical reaction; the regeneration of molecular 

sieves is relatively easy.  

 

In the ethanol industry, super heated ethanol is passed through molecular sieves. If the 

pores are fully occupied with water, the ethanol is sent to another molecular sieves tank, 

and the occupied molecular sieves are exposed under low pressure to regenerate. While 
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molecular sieves have more advantages than azetropic distillation, still some problems 

remain. First, it requires high energy, which means it is costly. Also, high pressured 

ethanol is very flammable (Onuki, 2005). 

2.3 Microorganisms of Fermentation 

 

Microorganisms of Fermentation include yeast, molds and bacteria. The yeast and molds 

are heterotrophic microorganisms that are classified as fungi (Dunn, 1959). Historically, 

the most commonly used microbe has been yeast, among the yeasts S.cerevisiae which 

can produce ethanol to give concentration as high as 18 percent of the fermentation broth, 

is the preferred one for most ethanol fermentation. This yeast can grow both on simple 

sugars, such as glucose, and on the disaccharide sucrose. Saccharomyces is also generally 

recognized as safe as a food additive for human consumption and is therefore ideal for 

producing alcoholic beverages and for leavening bread (Tanaka, 2006). 

 

Current ethanol production organisms are primarily the natural occurring Saccharomyces 

strains of yeast. They have long been used for brewing and fermentation of distilled 

products. Today they are almost exclusively used for large scale industrial production. 

Yeast is viewed as hearty and user friendly (Hettenhaus, 1998).  

2.4 Effect of fermentation parameters 

 

Microorganisms for ethanol fermentation can best be described in terms of their 

performance parameters and other requirements such as compatibility with existing 

products, processes and equipment. The performance parameters of fermentation are: 
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temperature, pH, alcohol tolerance, growth rate, productivity, osmotic tolerance, 

specificity, yield, genetic stability, and inhibitor tolerance (Demirbas, 2005).  

2.4.1 Temperature  

 

Temperature has an important influence on the growth rate of the microorganisms and the 

rate of ethanol production. Wine and beer fermentations are generally conducted below 

20°C; where as higher temperatures (30-38°C) are being examined for industrial alcohol 

production by yeast cultures (Sofer and Zaborsky, 1981). Too high temperature kills 

yeast, and low temperature slows down yeast activity. Thus, to keep a specific range of 

temperature is required (Onuki, 2005). 

 

All the recombinant strains are mesophilic organisms and function best between 30 to 

38°C. Operating at greater temperatures is desirable for the following reasons: 

• High fermentation temperature increases growth rate and productivity 

exponentially  

• Plant capital cost is less due to higher productivity per unit volume of fermentor 

vessel and cooling equipment investment is lowered. 

• Operating costs are less since less energy is required to maintain desired 

fermentation temperature and recover the ethanol. 

• Contamination risk is less as fewer organisms exist at high temperatures. 

 

The enzyme hydrolysis process for saccharification – able to operate up to 55°C –may be 

combined with fermentation, further reducing capital and glucose inhibition (Hettenhaus, 

1998).   



 

 

 

26

2.4.2 pH  

 

A very important factor for cellular growth is external pH. Most alcoholic yeast 

fermentations are conducted below pH 4.5, although this may not be the optimal pH for 

growth or ethanol production. Yeast cultures can grow over a wide range from 3 to 8 with 

an optimum for growth generally in the slight acidic range. Shifts in pH can also affect 

the final ratio of organic waste products produced by yeast cultures. Thus, the optimal pH 

for a fermentation process must support a balance among ethanol production, cellular 

growth, and physico chemical effect on waste product pathways. Low pH values in yeast 

fermentation help to inhibit growth of contaminating bacterial cultures. Bacterial cultures 

generally have a pH optimum around 7-7.5, with less tolerance than yeast to acid 

conditions (Sofer and Zaborsky, 1981). 

 

Most bacteria grow in the range of pH 6.5 to 7.5. Yeast and fungi tolerate a range of 3.5 

to 5.0 pH. The ability to lower pH below 4.0 offers a method for present operators using 

yeast in less than aseptic equipment to minimize loss due to bacterial contaminants 

(Hettenhaus, 1998).   

2.4.3 Ethanol 

 

The concentration of ethanol in the fermentation broth can directly affect the growth rate 

of the culture and its ability to convert sugar to ethanol. Inhibitory and toxicity level of 

ethanol vary from culture to culture. Higher temperature lowers the tolerance of the 

organism. At temperatures above 35°C, current strains lose viability at ethanol 

concentrations of 10% (w/v) (Hettenhaus, 1998).   
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2.4.4 Sugar 

 

The concentration of sugar can affect the microbial ethanol fermentation in various ways. 

The amount of ethanol produced is proportional to the amount of sugar added; thus, high 

sugar concentrations are desired. However, too high sugar concentrations can inhibit 

metabolism due to increased osmotic pressure. Very low levels of sugar, on the other 

hand, may limit the rate of ethanol production. Hence, each fermentation process will 

have an optimal glucose or equivalent sugar concentration ( Sofer and Zaborsky, 1981). 

A sugar concentration of 10-18% is usually satisfactory, although other concentrations 

are used (Dunn, 1959). 

2.4.5 Osmotic Tolerance 

 

The semipermeable membrane surrounding the cell must be able to withstand wide 

osmotic pressure changes in extracellular fluids that impact the relative osmotic pressure 

difference. If not, the cells may be severely damaged or even killed. The cells may burst 

in a hypotonic solution, when the solution becomes more dilute than the intracellular 

fluid. If hypertonic, the cells will shrink from the osmotic pressure difference. Osmotic 

pressure limits can be one of the factors that restrict maximum substrate concentration 

(Sofer and Zaborsky, 1981). 

2.4.6 Inhibitor Tolerance 

 

McMillan, (1994) grouped the fermentation inhibitors into three classes: 

1) Compounds originating in the biomass by hydrolysis. These include organic acids 

such as acetic, glucuronic and galacturonic acids from the hemicellulose, and 
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phenolic compounds from the lignin. The most inhibitory of these for both yeast 

and bacteria is acetic acid and solubilized lignin. 

2) Compounds formed by degradation of the products resulting from pretreatment 

and hydrolysis of the biomass. Furfural from xylose and HMF from glucose lead 

this group. It is completed by an assortment of aldehydes, acids and alcohols from 

lignin, sugar and protein degradation. 

3) Compounds from other sources. Metal ions resulting from equipment corrosion, 

sulfites, SO2 and lactic acid introduced with other streams containing nutrients, 

cleaning solutions and backset. 

2.5 Determination of glucose in the p .juliflora pod hydrolyzate 

 

Polarimetric analysis is commonly used in the sugar industry, because the angle of 

rotation is related to the concentration of glucose in a solution and can be used, in 

conjunction with other properties (such as density), in rapid and simple measurements of 

such concentrations. Many organic and some inorganic compounds are optically active; 

this property, easily determined by polarimetry, frequently used as an indication of 

purity. When an optically active substance is present in the beam, it rotates the 

polarization of the light reaching the analyzer so that there is a component that reaches 

the detector. The angle that the analyzer must be rotated to return to the minimum 

detector signal is the optical rotation, α. 
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The amount of optical rotation depends on the number of optically active species through 

which the light passes, and thus depends on both the sample path length and the analyte 

concentration. 

 

The observed angle of rotation of the plane of polarization by an optically active liquid, 

solution, or (more rarely) gas or solid is usually denoted by the symbol αobserved. The 

angle may be either positive (+) or negative (−) depending on whether the rotation is 

clockwise, that is, to the right (dextro) or counterclockwise, that is, to the left (levo) as 

seen by an observer towards whom the beam of polarized light travels (this is opposite 

from the direction of rotation viewed along the light beam). Biot discovered that the 

observed rotation is proportional to the length l of the cell or tube containing the optically 

active liquid or solution and the concentration (C) (or density in the case of a pure liquid): 

 

[ ] obs

lc

α
α =

  (Biot's law) 

 

Where αobs is the measured optical rotation in degrees, l is the optical path length in 

decimeters (dm), and c is the concentration of the sample in a solution in g/cm
3
.  

 

The value of [α] is the so-called specific rotation and depends on wavelength and 

temperature, which are usually indicated as subscripts and superscripts, respectively; thus 

25[ ]
D

α  denotes the specific rotation for light of the wavelength of sodium D-lines 

(λ = 589 nm) at 25 °C. In addition, [α] also depends on the solvent and to some extent on 
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the concentration which must thus also be specified. The dimensions of [α] are 

deg cm
2
 g

-1
 not degrees. The value of [α] varies in a large range in different compound 

classes, e.g. it is a small value for amino acids, a small-medium one for carbohydrates 

and it is extremely large for helicenes  (Attygalle, 2008). 

2.6 Determination of Ethanol concentration using NMR 

 

NMR spectroscopy measures the environments of certain nuclei in a molecule to 

elucidate its structure. Several types of nuclei behave in similar way, the most important 

of these are 
1
H, 

13
C, 

19
F, and 

31
P. In this discussion we use proton, 

1
H, the nucleus of the 

most common isotope of hydrogen, and therefore refers to 
1
H-NMR spectroscopy. 

Generally, the magnetic field of all the protons in a sample of compound are oriented 

randomly when placed in a strong external magnetic field. However, the proton fields 

become aliened with it (parallel) or against it (anti parallel). The parallel orientation is 

slightly lower in energy, with the energy difference (∆H) between the two energy states 

(spin states) lying in the radio frequency (rf) region of the spectrum (Silberberg, 1996). 

 

The protons in the sample isolate rapidly between the two spin states, and in a process 

known as resonance, the rf value is varied until it matches the frequency of the 

oscillation. At this point, the protons are “in resonance” with the rf radiation and they 

absorb and reemit the energy which is detected by the rf receiver of the NMR 

spectrometer. If all the protons in a sample required the same (∆E) for resonance, an 

NMR spectrum would have only one peak and be useless. However, the (∆E) between the 

two states depends on the actual magnetic field felt by each proton, which is affected by 
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the tiny magnetic fields of the electrons on atoms adjacent to that proton. Thus, the (∆E) 

of each proton depends on the electrons in the adjacent atoms, C-atoms, electro negative 

atoms, multiple bonds and aromatic rings , in other words on the specific molecular 

environments. Therefore, the NMR spectrum is unique to that compound.   

 

The NMR spectrum of a compound is a series of peaks that represents the resonance of 

each proton as a function of changing magnetic field. The chemical shift is the frequency 

at which resonance occurs for a given proton, that is, where a peak appears. The chemical 

shifts are shown relative to that of an added standard, tetra methyl silane [(CH3)4Si, TMS] 

which has 12 proton s bonded to four carbon atoms that are bonded to one Si atom. 

Because of the shape of TMS is tetrahedral around the Si, the protons are in identical 

environments, so they produce one peak. 

 

The area under each peak is proportional to the number of proton in a given environment 

that is determined by the instrument. In this experiment known amount of buthanol was 

used as a standard to determine the concentration of ethanol in the sample. By comparing 

the chemical shifts and peak areas, the concentration of ethanol could be determined 

(Silberberg, 1996). 
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3. MATERIALS AND METHODS 
 

3.1 Collection of samples 

 

The study was aimed at the production of ethanol from pods of P. juliflora. The pods 

were collected from P.Juliflora plant in Afar region (Acayta) April 12, 2009. They were 

collected in plastic bags and dispatched to the laboratory (AAU) for further work. The 

following methods were followed (Onuki, 2005). 

3.2 Dry and Milling 

 

The P. juliflora pod was sun dried, and broken down to fine powder using a hammer mill 

process. Grinding increased surface area of the pods and enhance the contact between 

starch and acid or water. The seed of p. juliflora was hard to mill by hammer milling and 

only the pod (cover of the seed) was used for this experiment. Compared to the amount of 

pod, the amount of seed obtained from large collection of pod was very small in amount 

/content and not economical to use alone for bioethanol production. 

3.3 Acid Hydrolysis 

 

The P. juliflora pod powder (100g) was hydrolyzed (pretreated) with 250 ml of distilled 

water and various concentrations of sulfuric acid (0.0, 0.2, 0.4 and 0.8 M) in 500 ml 

Erlenmeyer flask and separately heated at 90°C for 15 and 30 minutes. After hydrolysis 

the liquid fraction was cooled, filtered and determined for glucose concentration. The 

distilled water and acid hydrolysates were adjusted to pH 5-6 by adding concentrated 
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sulfuric acid and 2N sodium hydroxide, and the solutions were filtered and prepared for 

fermentation (Dawson  and Boopaty, 2008). 

 

 

 

 

 

 

 

 

 

Figure 3. Hydrolysis process 

 

3.4 Fermentation 

 

 3.3.1 Source of Microorganism for fermentation 

 

S. cerevisiae was bought from Neway private limited campany and used for this 

experiment. 

 

Bach fermentations of hydrolysates were carried out in 500 ml Erlenmeyer flask 

incubated with 5 g/l S. cerevisiae at 30°C, as described in the literature (Thuesombat et 

al., 2007). The hydrolysates of water (Treatment 1), 0.2M sulfuric acid treated 

hydrolysate (Treatment 2), 0.4 M sulfuric acid treated hydrolysate (Treatment 3), and 0.8 

M sulfuric acid treated hydrolysate (Treatment 4). 
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Figure 4. Samples prepared for fermentation. 

3.5 Analytical Procedures 

 

 3.5.1 Determination of glucose 

 

The concentration of glucose was determined using polarimetry by taking D-glucose 

anhydrous as standard solution. 

 

3.5.2 Determination of Ethanol 

 

The concentration of ethanol was determined every 24 hr for the optimization 

experiments, and up to 96 hours to determine the time for maximum production. For each 

experiment, 5 ml of the sample was run using NMR that involves running proton NMR 

spectrum for each sample by adding the known amount of reference compound (butanol) 

and determining the level of ethanol by peak area comparison until it arrives maximal 

level (peak). 
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3.6 Yield calculations 

 

First the ethanol yield was calculated based on the available glucose. It was expressed on 

either molar or weight basis. The relative ethanol yield (efficiency) was then calculated as 

a ratio of the ethanol yield and the theoretical maximal yield (0.51 g/g) (Hettenhaus, 

1998). 

 

gram ethanol produced
Yield (%) 100

gram glucose

gram ethanol produced
Efficiency (%) 100

gram glucose 0.51

= ×

= ×
×

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

36

4. RESULTS AND DISCUSSION 
 

In this section, the results of the experiment carried out on P. juliflora pod flour for  

ethanol potential through distilled water and acid hydrolysis, the effect of acid 

concentration on the amount of glucose formed and its relationship with ethanol produced 

was investigated and discussed here under. 

4.1 Glucose concentration versus hydrolysis time and acid 

Concentration 

 

For the study of change in glucose concentration with time of hydrolysis and acid 

concentration, samples were analyzed after 30 minutes of hydrolysis using polarimetry. A 

single point calibration of the instrument response using a known concentration of pure 

D-glucose anhydrous dissolved in distilled water was employed.  

 
Table 2. Optical rotation and concentration of glucose formed after 30 min hydrolysis 

 

Sample code αobs /     °°°° Glucose Conc. / g/l 

Treatment 1 0.770 113.3 

Treatment 2 0.628 92.4 

Treatment 3 0.463 68.1 

Treatment 4 0.381 56.1 

 

Table 2 shows that the maximum concentration of 113.3 g/l of glucose was released from 

water hydrolysate of P.juliflora flour followed by the release of 92.4 g/l, 68.1 g/l and 56.1 

g/l of glucose from 0.2 M, 0.4M, and 0.8Macid treated Prosopis hydrolysate respectively.  

This shows that water hydrolysate is more effective in glucose release and highest molar 
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acid (0.8 M) were more inefficient by almost 50% compared with the water hydrolysate. 

The result shows that in dilute sulfuric acid hydrolysis the concentration of glucose 

decreased successively as the concentration of acid increased. 

 

 

 

 

 

 

 

 

 

 

Figure 5. Glucose produced by hydrolysis of pod powder using distilled water and hydrolysis by Sulfuric acid at 

90°C for 30 minutes. 

 

The concentration of glucose formed by hydrolysis in distilled water gives nearly twice 

the maximum concentration formed by 0.8 M acid hydrolysis used, and glucose 

concentration decreased with increasing acid concentration. This result differs from the 

glucose concentration formed by acid hydrolysis of maize cobs and groundnut shells. In 

acid hydrolysis of maize cobs and groundnut shells glucose concentration increases as 

acid concentration increase from 2 M to 4.5 M (0.43 and 0.89 g/cm3 glucose), and 

decreases at 5M (0.02 g/cm3 glucose) sulfuric acid hydrolysis (Akpan et al., 2008). 
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Decrease in glucose concentration in the solution may be derived from dehydrating or 

oxidizing by sulfuric acid on glucose or due to formation of 5-hydroxyl furfural or it 

could be attributed from the conversion of glucose to levulinic and formic acid which 

leads to decrease in glucose yield. 

 

Wu and Chou, (2008) on their study of the bioethanol production: stated that with the 

increasing acid concentration and reaction time, monosaccharide concentration in the 

filtrates of weeds and fruit kernels increased, but the rate of increasing of monosaccharide 

concentration is little while dilute sulfuric acid concentration exceeded 2%.  

 

Ethanol is formed from the fermentation of simple sugars like glucose. As stated above 

the fermentation (oxidation) product is not only ethanol and thus it is important to 

compare and correlate the ethanol and sugar concentrations obtained, so that the 

efficiency of sugar-to-ethanol conversion can be estimated. The results obtained and 

calculated are presented in Table 3 as follows. 
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Table 3. The maximum amount of glucose formed after hydrolysis at 90ºc for 30 min. and ethanol obtained 

after 24 hour fermentation. 

Sample code Glucose (g/l) Ethanol / 

g/L 

Ethanol /  

% w/v 

Ethanol 

yield / % 

Efficiency % 

Treatment 1 113.2 50 5 44.2 86.6 

Treatment 2 92.4 40 4 43.3 84.9 

Treatment 3 68.1 30 3 44.0 86.3 

Treatment 4 56.1 25 2.5 44.6 87.4 

 

Table 3 shows that ethanol concentration formed increases as the concentration of 

glucose increases. 50, 40, 30 and 25 g/l ethanol was obtained from 113.5, 92.4, 68.1 and 

56.1 g/l glucose, respectively, from which the conversion efficiency between 84.9 and 

87.4 % was determined.  

4.2 Ethanol concentration as a function of acid concentration and 

duration of Hydrolysis 

 

 

Table 4 shows the effect of 15 minute treatment (water, and acid hydrolysis (0.2, 0.4, 

0.8M sulfuric acid)) of the pod flour substrate ( hydrolysate) in ethanol production. The 

highest 4% w/v ethanol was recovered from the water hydrolysed followed by 1.7%, 2% 

and 1.6% w/v ethanol from 0.2, 0.4 and 0.8 M sulfuric acid treated hydrolysate 

respectively. 
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Table 4. Ethanol concentration after 15 minutes of substrate hydrolysis and fermented for 24 h. 

Sample code 

Conc. Ethanol 

(% w/v) 

Fermentation 

time (hr) 

Hydrolysis 

Condition 

Treatment 1 4 24 distilled water 

Treatment 2 1.7 24 0.2 M H2SO4 

Treatment 3 2 24 0.4 M H2SO4 

Treatment 4 1.6 24 0.8 M H2SO4 

 

The concentrations of ethanol obtained after 30 minutes hydrolysis and fermentation for 

the different samples are presented in Table 5. As can be seen in table the same pattern 

but a little bit higher ethanol production was recorded in that water hydrolysate yielded 

5% w/v followed by 4%, 3%, and 2.5% w/v of the 0.2,0. 4and 0.8 M sulfuric acid treated 

substrate respectively. Maximum ethanol concentration was obtained from samples 

hydrolyzed for 30 minutes. 
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Table 5. Ethanol concentration obtained after 30 minutes of substrate hydrolysis and fermented for 24 h 

 

 

 

 

 

 

 

The result obtained in Table 5 indicates that the concentration of ethanol formed 

decreases as the concentration of acid used for hydrolysis increases. Maximum 

concentration of ethanol (5% w/v) was obtained in acid free hydrolysis and acid 

hydrolysis resulted in ethanol production with (4, 3, 2.5% w/v using 0.2, 0.4 and 0.8 M 

H2SO4 hydrolysis, respectively) after 24 hours fermentation.  

 

The result also revealed that the ethanol concentration decreases as the concentration of 

sulfuric acid increases, and is maximum when the fermentation was carried out in acid 

free distilled water environment for almost all fermentation time duration. 

4.3 Ethanol concentration as a function of Fermentation Time 

 

For the study of fermentation time dependency of ethanol concentration, samples were 

hydrolyzed for 30 minutes with acid and distilled water environments and the results are 

presented in Tables 6, and Figures 5 and 6 as follows. 

 

 

Sample code Ethanol (% 

w/v) 

Fermentation 

time(hr) 

Hydrolysis  

Condition 

Treatment 1 5 24 distilled water 

Treatment 2 4 24 0.2 M H2SO4 

Treatment 3 3 24 0.4 M H2SO4 

Treatment 4 2.5 24 0.8 M H2SO4 
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Table 6. Ethanol (%w/v) formed after 30 minutes hydrolysis and different fermentation time.  
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Figure 6. Ethanol formed after 30 minutes hydrolysis and fermentation. 

 

The result obtained in Fig 6 shows that ethanol concentration is maximum for the 

fermentation time of 24 h, and decreases as the time increases. Based on this finding, acid 

free distilled water was employed to investigate the fermentation time dependency of the 

      Sample 

      Code              

Time in hour 

0 24 48 72 96 

Ethanol 

Conc. 

(% w/v) 

Treatment 1 0 5 3.9 4.5 4.1 

Treatment 2 0 4 4 3.9 3.7 

Treatment 3 0 3 2.4 2.6 2.7 

Treatment 4 0 2.5 2 2.1 2.1 
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ethanol concentration. At this point it is worthwhile to mention that the concentration of 

ethanol obtained by the hydrolysis of the pod powder using distilled water, which is 5% 

was highly satisfactory compared to the maximum amount of ethanol obtained from the 

enzymatic fermentation of mango juice (7-8.5%) depending on the type of mango 

species) of (15-18% sugar) (Reddy and Reddy, 2007), the maximum ethanol 

concentration obtained by the batch fermentation of acid hydrolyzate of Jerusalem 

artichoke using S. cerevisiae ( 88.1g/l) (250 g/l initial sugar concentration) (Thuesombat 

et al., 2007), 8% of ethanol formed from (175g/l glucose) of corn semolina  hydrolyzate  ( 

Nikoli et al,. 2008), and comparable to the maximum amount (59 g/l) from cassava starch 

hydrolyzate reported by  (Gunasekaran and Chandra,  2007) . The result is much higher 

than the maximum amount of ethanol from Guinea corn husk (27.1 g/l) from (100g corn 

husk) (Oyeleke and Jibrin, 2009). 

 

The output of this experiment may contribute to the effect of controlling the invasiveness 

of P. juliflora (If it is utilized in such a system, provided that the cost-benefit analysis 

favors its exploitation). The result also revealed that ethanol obtained from P. juliflora 

pod is a promising substituent for other agricultural products such as mango juice, 

cassava and corn. P. juliflora is not edible plant and hence it can avert food crisis by 

doing away with food crops for bioethanol production. 
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As indicated and discussed earlier the maximum ethanol concentration was reached 

within 24 h. Thus, ethanol concentration determination was conducted for five different 

hours up to 24 h. The result obtained is depicted in Figure 7 below. 

Figure 7. Ethanol formed after 30 min hydrolysis and different fermentation hours. 

 

The measured data points were fitted with exponential growth function. From the fit 

concentration of ethanol the limiting concentration at t→∞ was found to be 5.09 (w/v) 

with a regression coefficient of 0.98363. The limit concentration was very much 

comparable with the concentration obtained at 24 h of fermentation indicating that 

saturation was obtained in 24 h. 
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5. CONCLUSION AND RECOMMENDATION  
 

In this section the results of the experiments carried out P.juliflora pod flour for 

bioethanol production by distilled water and acid hydrolysis at 90°C for 15 and 30 

minutes and fermentation are summarized and conclusions are made as follows. 

 

The conversion process employed for P. juliflora pod was achieved by hydrolysis in 

distilled water, and in acid catalysts, where the starch was broken down into simple 

fermentable sugar (glucose).  

 

 Likewise hydrolysis of the pod flour was found to give glucose (113.2 g/l) after 

treatment with distilled water at 90°C for 30 minutes. The hydrolyzate obtained from 

dilute acid hydrolysis (0.2, 0.4, and 0.8 M sulfuric acid) provides lower glucose (92.4, 

68.1, and 56.1 g/l) respectively.  

 

The data showed that 15 minutes and 90
0
C treatment of the pod flour of the water 

hydrolysate yielded 72 g/l, whereas the acid hydrolysis using 0.2, 0.4 and 0.8 M sulfuric 

acid givee  (36.2 g/l, 31.6 g/l and 34.6 g/l) respectively. The result showed that glucose 

concentration increases as the reaction time of the hydrolysis increase and decreases as 

acid concentration increases.  

 

Fermentation of the hydrolyzate with S. cerevisiae showed that the maximum 

concentration of ethanol (5% w/v) was obtained at the maximum concentration of  

glucose (113.3g/l) of the water hydrolysate after 24 hr fermentation. The hydrolyzate of 
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dilute sulfuric acid resulted in a lower concentration of ethanol (4%, 3% and 2.5 % w/v) 

at 0.2, 0.4 and 0.8 M sulfuric acid treated pod flour respectively.  

 

The result obtained from acid hydrolysis of all experiments indicates that acid hydrolysis 

of P. juliflora pod is not an effective way. Rather hydrolysis in distilled water provides a 

good result. In addition hydrolysis in distilled water provides is cost effective way of 

production of ethanol because it reduces the cost needed for acid and other chemicals 

needed for neutralization.  

 

The concentration of ethanol obtained by the hydrolysis of the pod powder using distilled 

water, which is 5% was highly satisfactory compared to the maximum amount of ethanol 

obtained from the enzymatic fermentation of mango juice (7-8.5%) depending on the 

type of mango species.  

 

The potential use of P. juliflora is that it is a fast growing plant, obtained free or at a 

lower cost from arid areas and cost of production and transportation may be low. 

Consequently, it may be cost effective and sustainable feedstalk for bioethanol 

production.  
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                       RECOMMENDATION 

 

1. Extensive work should undertake to evaluate the chemical composition of Prosopis 

pods from different sampling areas. 

2. More work should be undertaken to optimize the production of bioethanol using 

Prosopis pods at appropriate pH and temperature. 

3. Collaborate research and pilot-scale production should be encouraged by involving 

different stake holders so as to determine the feasibility of bioethanol production 

from P. juliflora. 
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Appendix 
 

Table 7. Ethanol concentration after 15 min hydrolysis and fermentation 

 

No Sample 

 code 

Ethanol 

concentration  

in % w/v 

Fermentation  

    time 

in hour 

Sample code description 

Hydrolysis using 

1 Sample-1 4 24 distilled water 

2 Sample-2 1.7 24 0.2 M H2SO4 

3 Sample-3 2 24 0.4 M H2SO4 

4 Sample-4 1.6 24 0.8 M H2SO4 

5 Sample-5 3.3 48 distilled water 

6 Sample-6 1.7 48 0.2 M H2SO4 

7 Sample-7 2 48 0.4 M H2SO4 

8 Sample-8 2.1 48 0.8 M H2SO4 

9 Sample-9 3 72 distilled water 

10 Sample-10 1.6 72 0.2 M H2SO4 

11 Sample-11 1.5 72 0.4 M H2SO4 

12 Sample-12 2 72 0.8 M H2SO4 
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Table 8. Ethanol concentration formed after 30 min hydrolysis and fermentation. 

 

No Sample 

 Code 

Ethanol 

concentration 

 in % w/v 

Fermentation 

time 

in hour 

Sample code description 

Hydrolysis using 

1 Sample-A1 0 0 distilled water 

2 Sample-A2 2.2 4 distilled water 

3 Sample-A3 4.1 8 distilled water 

4 Sample-A4 4.2 12 distilled water 

5 Sample-A 5 24 distilled water 

6 Sample-B 4 24 0.2 Molar H2SO4 

7 Sample-C 3 24 0.4 M H2SO4 

8 Sample-D 2.5 24 0.8 M H2SO4 

9 Sample-E 3.9 48 distilled water 

10 Sample-F 4 48 0.2 Molar H2SO4 

11 Sample-G 2.4 48 0.4 M H2SO4 

12 Sample-H 2 48 0.8 M H2SO4 

13 Sample-I 4.5 72 distilled water 

14 Sample-J 3.9 72 0.2 Molar H2SO4 

15 Sample-K 2.6 72 0.4 M H2SO4 

16 Sample-L 2.1 72 0.8 M H2SO4 

17 Sample-M 4.1 96 distilled water 

18 Sample-N 3.7 96 0.2 Molar H2SO4 

19 Sample-O 2.7 96 0.4 M H2SO4 

20 Sample-P 2.1 96 0.8 M H2SO4 
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Figure 8. NMR spectra of ethanol formed by hydrolysis of the pod in distiled water 

after 48 hour fermentation. 
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NMR  spectra of ethanol formed after 15 min hydrolysis of the pod and  fermentation 

 

Figure.9 NMR spectra of ethanol formed by hydrolysis of the pod in 0.2 M H2SO4 after                 

               24 hour Fermentation  

 

Figure. 10 NMR spectra of ethanol formed by hydrolysis of the pod in distiled water after  

              24 hour fermentation 
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 Figure. 11 NMR  spectra of ethanol formed by hydrolysis of the pod in distiled water   

                   after 48 hour  fermentation 

 

 Figure. 12 NMR spectra of ethanol formed by hydrolysis of the pod in 0.2 M H2SO4   

              after 48 hour Fermentation  
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Figure.13 NMR  spectra of ethanol formed by hydrolysis of the pod in 0.4 M H2SO4   

            after  24 hour Fermentation  

 

Figure.14 NMR spectra of ethanol formed by hydrolysis of the pod in 0.8 M H2SO4   

           after 24 hour Fermentation  
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Figure.15 NMR spectra of ethanol formed by hydrolysis of the pod in distiled water after  

                 72 hour fermentation 

Figure.16 NMR spectra of ethanol formed by hydrolysis of the pod in 0.2 M H2SO4  after  

           72 hour Fermentation 
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Figure. 17 NMR spectra of ethanol formed by hydrolysis of the pod in 0.4 M H2SO4   

                  after 48 hour Fermentation  

 

 Figure. 18 NMR spectra of ethanol formed by hydrolysis of the pod in 0.8 M H2SO4             

              after 48 hour Fermentation 
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NMR spectra of ethanol formed after 30 min. hydrolysis of the pod and fermentation 

 

Figure .19 NMR spectra of ethanol formed by hydrolysis of the pod in distiled water  

                 after 72 hour Fermentation 

 

Figure .20 NMR spectra of ethanol formed by hydrolysis of the pod in 0.2 M H2SO4   

            after 48 hour Fermentation  



 

 

 

62

 

Figure .21 NMR  spectra of ethanol formed by hydrolysis of the pod in 0.4 M H2SO4   

              after 48 hour   Fermentation  

 

Figure.22 NMR spectra of ethanol formed by hydrolysis of the pod in 0.8 M H2SO4   

                after 48 hour Fermentation 
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Figure.23 NMR  spectra of ethanol formed by hydrolysis of the pod in distiled water after  

              72 hour fermentation 

 

Figure.24 NMR  spectra of ethanol formed by hydrolysis of the pod in 0.2 M H2SO4   

               after 48 hour Fermentation  
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Figure.25 NMR spectra of ethanol formed by hydrolysis of the pod in 0.4 M H2SO4   

                  after 48 hour  Fermentation  

 

Figure.26 NMR spectra of ethanol formed by hydrolysis of the pod in 0.8 M H2SO4   

                 after 48 hour  Fermentation 
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Figure.27 NMR spectra of ethanol formed by hydrolysis of the pod in 0.2 M H2SO4   

              after 48 hour  Fermentation  

 

Figure.28 NMR spectra of ethanol formed by hydrolysis of the pod in 0.4 M H2SO4   

              after 48 hour Fermentation 
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Figure. 29. NMR spectra of ethanol formed by hydrolysis of the pod in 0.8 M H2SO4   

                 after 48 hour Fermentation 

 

Figure. 30 NMR spectra of ethanol formed by hydrolysis of the pod in distiled water  

              after 72 hour fermentation 
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Figure.31 NMR spectra of ethanol formed by hydrolysis of the pod in 0.2 M H2SO4   

                after 48 hour Fermentation  

 

Figure. 32 NMR spectra of ethanol formed by hydrolysis of the pod in 0.4 M H2SO4 after   

             48 hr Fermentation  


