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Bioethanol Production by Immobilized Saccharomyces cerevisiae using 

Different Lignocellulesic Materials 

Abstract 

Ethanol from biomass is an attractive and sustainable energy source for 

transportation fuel to substitute gasoline. Second generation ethanol 

production utilizes cheaper and non-food feed stocks like lignocelluloses or 

municipal solid waste, could make ethanol more competitive to fossil fuels. 

Basically, most of the raw materials used for the production of bioethanol 

were corn grain and sugar cane. However, it is also important to see the 

potential of the other agricultural raw materials rich in fermentable 

carbohydrates such as tomato wastes and wheat straw since it is available in 

Palestine and cheaper compared to the others. 

The aim of the present study is the production of low cost cellulosic ethanol 

using basically the agro wastes like tomato waste and wheat straw and make a 

comparison between the efficiency of free and immobilized yeast cells in 

calcium alginate matrix with microwave-assisted acidic pretreatment. 

In this study we have investigate the efficiency of immobilization technique 

for bioethanol production using Saccharomyces cerevisiae strain which 

isolated from yogurt. This strain was identified according to morphological 

and biochemical characterization tests. 

Microwave-assisted acidic pretreatment were performed for both wheat straw 

and tomato waste and show high improvement reach to 45% in reducing sugar 

amount compared with convection mode of heating of dilute 7%HCl and 5% 

H2SO4 hydrolysis. Calcium alginate was used as immobilization matrix for S. 

cerevisiae. The best calcium alginate concentration was 3% and 4 % for 

reference and isolated yeast respectively. The immobilization technique gave 

higher ethanol yield compared with free system for tomato waste but lower 

yield with wheat straw. The maximum amount of ethanol (641mg/g) produced  

by free cells  when used straw pretreated with microwave-assisted 5%H2SO4 

hydrolysis and (543.51 mg/g) for tomato waste using immobilized cells with 

microwave-assisted 7%HCl hydrolysis. 

Key words: Bioethanol, Saccharomyces cerevisiae, Immobilization, 

Microwave, Wheat straw, Tomato waste. 
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 إَخاج اإليثإَل انحيٕي يٍ بعض انًخهفاث انضساعيت باسخخذاو خًيشة انخباص بُظاو انخثبيج

 

صهخسخانً  

إٌ ػًهٛت اَخاج االٚثإَل انحٕٖٛ باسخخذاو انًخهفاث انضساػٛت ٚسخحٕر ػهٗ اْخًاو انؼذٚذ يٍ انذٔل السخخذايّ 

َخاج اإلٚثإَل ٚخى اسخخذاو يٕاد سخٛصت انثًٍ كبذٚم نهٕقٕد األحفٕسٖ كَّٕ ايٍ ٔيخدذد. فٙ اندٛم انثاَٗ يٍ إ

يثم انًٕاد انسهٛهٕصٚت يًا ٚدؼهٓا يُافست نًصادس انٕقٕد األحفٕسٖ فٙ حٍٛ ٚؼخبش قصب انسكش ٔانزسة يٍ 

أكثش انًٕاد انًسخخذيت إلَخاج االٚثإَل ٔنكٍ كاٌ البذ يٍ انخؼشف ػهٗ إيكاَٛت اسخخذاو بقاٚا انًخهفاث انضساػٛت 

نسكشٚاث انقابهت نهخخًش يثم  انقش ٔيخهفاث صُاػت صهصت انبُذٔسة نخٕافشْا فٙ فهسطٍٛ ٔسخص انغُٛت با

أثًآَا. نقذ كاٌ ْذف ْزِ انذساست ْٕ إَخاج كحٕل سخٛص انثًٍ اػخًادا ػهٗ انقش ٔيخهفاث يصاَغ انبُذٔسة 

يحهٛت يؼضٔنت يٍ انهبٍ فٙ قطاع غضة يغ انًقاسَت بٍٛ انخخًش انحش ٔانًثبج نكم يًُٓا باسخخذاو خًٛشة 

انًخٛض. ٔقذ اػخًذث خًٛغ انُخائح ػهٗ اسخخذاو انًٛكشٔٔٚف يغ انحًض انًخفف نهًؼاندت انكًٛٛائٛت حٛث 

أظٓشث انُخائح ححسٍ كبٛش فٙ كًٛت انسكشٚاث األحادٚت ػُذ اسخخذاو انًٛكشٔٔٚف  يغ انحًض يقاسَت يغ 

% نهخًٛشة 4ٔقذ كاٌ حشكٛض يادة انخثبٛج انًُاسب %. 45انًؼاندت انخقهٛذٚت بانحًض فقط قذ حصم إنٗ 

% نهخًٛشة انًؼضٔنت يٍ انهبٍ. ٔخهصج انذساست إنٗ أٌ اسخخذاو انخثبٛج ٚحسٍ يٍ اَخاج االٚثإَل 3انًؼٛاسٚت ٔ

( فٙ حٍٛ يهغى/جى543.51ػُذ اسخخذاو يخهفاث انبُذٔسة يقاسَت يغ انطشٚقت انحشة حٛث بهغج كًٛت االٚثإَل )

ػُذ اسخخذاو انقش كًصذس نسكشٚاث انخخًش دٌٔ حثبٛج حٛث نى  )يهغى/جى641)اَخاخٛت نإلٚثإَل  كاَج أػهٗ

 ححسٍ يغ انقش. ٘ٚظٓش انخثبٛج أ

 يخهفاث انبُذٔسة. ,قش انقًح ,انًٛكشٔٔٚف ,ػًهٛت انخثبٛج  ,خًٛشة انخباص ,اإلٚثإَل انحٕٛ٘ كهًاث يفخاحيت:
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Chapter1 

Introduction 

 

1.1 Overview 

 

Demand for ethanol will increase with the reduction of crude oil resource (Sun et al., 

2005 and Limayema et al., 2012). The world’s attention is gradually shifting from 

the conventional sources of energy to the renewable (Ram et al., 2011 and Shen et 

al., 2011).Ethanol from biomass is an attractive and sustainable energy source for 

transportation fuel to substitute gasoline (Wu et al., 2007). Bioethanol is the most 

widely used liquid biofuel. The use of fuel ethanol can reduce the toxic exhaust 

emissions and greenhouse gases from vehicles (Ariyajaroenwong et al., 2012). Its 

market is expected to reach 100 x10
9
 liters in 2015 (Limayema et al., 2012). 

Current ethanol production (so called first generation) using crops such as sugarcane 

and corn had been established, whereas second generation ethanol production utilizes 

cheaper and non-food feed stocks like lignocelluloses or municipal solid waste, still 

investigated which could make ethanol more competitive to fossil fuels (Tutt et al., 

2012). The demand for bioethanol is expected to increase dramatically until 2020 

(Awolu et al., 2011). Nowadays, fermentation technology produces nearly 80% 

ethanol as clean fuel where Saccharomyces cerevisiae is considered to be of most 

important yeast strain because of its biotechnological application in the field of 

fermentation technology (Sreenathand et al., 1996 and Neelakandan et al., 2009). 

Production of ethanol from lignocelluloses requires a more complex upstream 

process compared to first generation ethanol production (Balint,2010). Bioethanol 

conversion from lignocellulose holds great potential due to the widespread 

availability, abundance, and relatively low cost of cellulosic materials. There are still 

several hindrances on the way of developing an economically feasible technology, 

due to the complicated structure and inhomogeneous nature of the raw material. The 

economical and environmentally-friendly development of bioethanol from 

lignocellulose necessitates highly efficient process integration. There is an increased 
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interest in the area of ethanol fermentation with immobilized cells in the recent years 

(Kostov et al., 2010).Several theories have been proposed to explain the enhanced 

fermentation capacity of microorganisms as a result of immobilization. 

Immobilized cell technology has been suggested as an effective mean for improving 

ethanol production (Yu et al., 2007). A reduction in the ethanol concentration in 

immediate microenvironment of the organism due to the formation of protective 

layer of specific adsorption of ethanol by support may act to minimize end product 

inhibition. The most significant advantages of immobilized yeast cell systems are the 

ability to operate with high productivity at dilution rates exceeding the maximum 

specific growth rate, the increase of process expenses due to the cell recovery and 

reutilization, higher tolerance to ethanol concentration or substrate (Petrova et al., 

2011). The procedure of immobilization in alginate beads is not only inexpensive but 

also easy to carry out and provides extremely mild conditions, so there is a higher 

potential for industrial application (Zhou et al., 2010). 

Calcium alginate beads are one of the most commonly used supports for the 

immobilization of cells (Rosevear et al., 1984 and Gksungur et al., 2001). They offer 

several advantages as a support, such as good biocompatibility, low cost, easy 

availability, and ease of preparation. However, there are some disadvantages 

associated with their use, such as gel degradation, severe mass transfer limitations, 

low mechanical strength (causing cells to be released from the support), and large 

pore size (Zhou et al., 2010 and Bangrak et al., 2011). Production of ethanol from 

wheat straw, one of the most abundant agricultural wastes, has been extensively 

studied. Pretreatment of wheat straw greatly affects its saccharification efficiency 

and ethanol production cost. Among many pretreatment methods microwave- 

assisted chemical pretreatment has proven one of the most efficient pretreatment 

methods (Zhu et al., 2006). 

Microwave is found to be an alternative method for conventional heating (Hu et al., 

2008) and it has been widely used in many areas because of its high heating 

efficiency and easy operation. Advantages of microwave-based technologies include 

reduction of process energy requirements, uniform and selective processing and the 

ability to start and stop the process instantaneously (Binod et al., 2012). Microwave 

irradiation could be easily combined with chemical reaction and can accelerate the 

chemical reaction rate (Caddick, 1995). 
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Combination microwave treatment with acid might be an alternative for pretreatment 

of lignocellulosic materials (Binod et al., 2010; Binod et al., 2012 and Chen et al., 

2012). 

1.2 Problems statement 

Due to the diminishing  fossil fuel reserves, alternative energy sources need to be 

renewable, sustainable, efficient, cost-effective, convenient and safe (Bushri, 2008 

and Li, 2010). In the past decades, the production of ethanol has been focused and 

considered as an alternative fuel for future since fossil fuel is currently depleted. 

Furthermore, the use of ethanol from renewable lignocelluloses resources may 

improve energy availability, decrease air pollution and diminish CO2 accumulation. 

Ethanol is found to be biodegradable, low in toxicity and cause little environment 

pollution (Bushri, 2008).  

Basically, most of the raw materials used for the production of bioethanol were corn 

grain and sugarcane (Binod et al., 2010). However, it is also important to see the 

potential of the other agricultural raw materials rich in fermentable carbohydrates 

such as tomato wastes and straw since it is available in Palestine and cheaper 

compared to the others. 

1.3 Aim of the study 

The aim of the present study is bioethanol production by immobilized S. cerevisiae 

using different lignocellulesic materials with acid - microwave assistance. 

1.4 Specific objectives 

1 Isolation of  local  strain of S. cerevisiae from yogurt. 

2 Evaluation the  Microwave-assisted acidic pretreatment  method. 

3 Fermentation  of  the hydrolyzed material by the immobilized yeast to produce 

ethanol using wheat straw and tomato wastes as fermentation media. 

4 Comparison between free and immobilization system efficiency. 
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1.5 Significance of the study 

1. This research is the first in Palestine which investigate immobilized system 

for bioethanol production. 

2. Get rid of a large amount of waste and exploited it for the production of 

bioethanol in Gaza. 

3. A partial solution to the energy problem in Palestine. 
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Chapter 2 

Literature Review 

2.1  Background 

 

Ethanol or ethyl alcohol (CH3CH2OH) is one of the most versatile oxygen containing 

organic chemicals (Bushri, 2008). It is a colorless liquid and has a strong odor. 

Ethanol has been used as a fuel in recent years. It is low in toxicity and causes little 

environmental pollution if spilt. Ethanol, being a straight-chain alcohol is often 

abbreviated as EtOH (Ram et al., 2011). 

In the quest of a search for an alternative to the petroleum products, Ethanol has 

effectively fulfilled the need as an alternative to petrol(Valentine et al.,2012). The 

necessity to find effective, feasible, affordable and cheaper sources for its production 

is coming into focus(Awolu et al., 2011).  

 

It is made mostly from sugar and starch crops such as sugar cane and corn among 

others. In the ―first generation‖ technology bioethanol is produced by converting 

sugars directly from crops like sugarcane or sugar beets, indirectly through starch 

from corn, wheat, potatoes, or cassava into ethanol via fermentation followed by 

distillation. In the ―second generation‖ technology ethanol is produced through 

cellulose from biomass (―second-generation‖ technology). The largely used 

substrate, however, are the food crops sugarcane (Awolu et al., 2011). 

Due to rapid growth in population and industrialization, worldwide ethanol demand 

is increasing continuously (Ram et al., 2011). Energy use is predicted to jump in 

many parts of the developing world, where use of marketed energy has been very 

low until now. Conventional crops such as corn and sugarcane are unable to meet the 

global demand of bioethanol production due to their primary value of food and feed. 

Therefore, lignocellulosic substances such as agricultural wastes are attractive 

feedstock for bioethanol production (Staniszewski et al., 2009). Production of 

ethanol from non-crop plant cell walls represents a sustainable solution for biofuel 

production due to the abundance of these renewable resources on our planet (Hadar, 
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2013). Agricultural wastes are cost effective, renewable and abundant. Bioethanol 

from agricultural waste could be a promising technology though the process has 

several challenges and limitations such as biomass transport and handling, and 

efficient pretreatment methods for total delignification of lignocelluloses. Conversion 

of glucose as well as xylose to ethanol needs some new fermentation technologies, to 

make the whole process cost effective (Sarkar et al., 2012). 

Ethanol has potential as a valuable replacement of gasoline in the transport fuel 

market. However, the cost of bioethanol production is more compared to fossil fuels. 

The world bioethanol production in 2001was 31 billion liters. It has grown to 39 

billion liters in 2006 and is expected to reach 100 billion liters in 2015. Second 

generation ethanol is more complicated compared with first generation ethanol 

production and involves many technical and economic challenges; it is therefore only 

carried out on pilot/demonstration scales  and most commercial plants have been 

built during the last decade. In addition, the quantity of bioethanol production is 

directly proportion to the amount of total carbohydrate and reducing sugar in the 

samples and inversely proportion to the fiber content of the sample (European 

Renewable Energy Council, 2006). 

2.2 The benefits and application of ethanol 

The demand for bioenergy and especially for liquid biofuels is increasing all over the 

world. This is because biofuels have the potential to diversity domestic energy 

supplies, to reduce dependency on highly volatile fossil fuel prices, to enhance 

access to energy in rural areas, to promote rural development and to reduce carbon 

emissions. However, there are social, environmental and economic risks associated 

with the production and use of biomass for energy purposes. In many cases the 

production of biofuels is not economically viable and has to be subsidized by the 

state. While promoting the production of liquid biofuels, it is necessary to minimize 

the risks and maximize the benefits. Currently, Gaza strip faces serious problems 

with all dimensions of food security: availability, access, use and utilization and 

stability. All the dimensions of food security have to be considered when assessing 

biofuel production potentials (Institute of Ethnology, 2011). 
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2.2.1  Advantages of ethanol production by cellulosic wastes 

 

Anthropogenic emissions of carbon dioxide and other greenhouse gasses are 

changing the climate (Singh et al., 2012). If nothing is done, Earth’s average global 

temperature will increase by about 1.8-4
°
 C in this century (Thompson, 2010).  

Important benefit of fuel ethanol production from biomass is reduced CO2 

emissions, thus reducing the greenhouse effect (Tahis et al., 2010 and Muthumani et 

al., 2014). Bioethanol used for production of gasoline can reduce vehicle carbon 

dioxide emission by 90% (Mishra et al., 2012). 

Conventional production of ethanol from cellulose via fermentation involves a 

complex process of pretreatment in attempt to recover a maximum amount of sugars 

from the hydrolysis of cellulose and hemicellulose, and to ferment them into ethanol 

(Awolu et al., 2011).  Also Producing ethanol by using the industrial waste gives the 

benefits such as eliminating hazardous materials, using technology to the production 

process, equipment. Further it reveals the production managers to control inventory 

and the wastages are also used in a beneficial way (Muthumani et al., 2014). 

Other advantages derived from biofuels are security of energy supply and 

development of rural areas (Sanchez et al., 2010). Production of cellulosic ethanol 

from agricultural or forestry residue can and conserve agricultural lands and reduce 

the pressure on landfills (Demers et al., 2009). 

The  opportunity  to  reduce  dependence  on  fossil  fuels,  while  reducing  CO2 is  

of  strategic important today.  Since there is increased consensus among experts on 

the  reality of human induced global warming and the repercussions which are 

associated  with it, the potential to use carbon neutral fuels like bioethanol can help 

us stop (or  slow down) this negative impact on the environment. The potential for 

bioethanol to create jobs is immense in farming, bio refineries, the chemical industry, 

the fuel supply sector as well as fuel-flexible vehicle engineering (European 

Renewable Energy Council, 2006). 

 

 

 

 



8 
 

2.3 Substrate 

 

Ethanol is produced from various kinds of substrates (Shinnosuke et al., 2008 and Li, 

2010). The substrate used for ethanol production is chosen based on the regional 

availability and economic efficiency (Shinnosuke  et al., 2008). 

The main types of feedstock for the production of ethanol are: (i) raw materials 

containing fermentable sugars  as sugarcane (ii) polysaccharides that can be 

hydrolyzed for obtaining fermentable sugars (starch contained in several grains, like 

maize and wheat). The large amount of existing and not completely developed 

technologies for the production of ethanol and the intrinsic biological difficulties of 

the process, require continuous efforts for the diversification and adaptation to new 

biomass sources (Sanchez et al., 2010). Agricultural wastes include corn (maize) 

stover, barley, wheat and rice straw, corncobs, sunflower stalks and heads, cotton 

waste, brewer's spent grain, grape pomace, tomato and orange peels etc., and wood 

constitute the source of cellulosic and lignocellulosic materials (Awolu et al.,2011). 

2.3.1 Lignocellulose 

Lignocellulosic biomass comprises a diverse group of materials: agricultural residues 

(cereal straw, rice hulls, cotton wastes, etc.), forestry residues (pruning and sawmill) 

and municipal solid wastes. Bioethanol production from these feedstock could be an 

attractive alternative for disposal of these residues (Del campo et al., 2006). 

Lignocelluloses from agricultural, industrial and forest residuals account for the 

majority of the total biomass present in the world and are regarded as the largest 

known renewable carbohydrate for ethanol production(Singh et al.,2014). 

Lignocellulose is a complex carbohydrate polymer of cellulose, hemicellulose and 

lignin. Cellulose is linear and crystalline. It is a homopolymer of repeating sugar 

units of glucose linked by b-1,4 glycosidic bonds. Hemicellulose is a short and 

highly branched polymer. It is a heteropolymer of D-xylose, D-arabinose, D-glucose, 

D-galactose, and D-mannose. Lignin is hydrophobic in nature and is tightly bound to 

these two carbohydrate polymers (Sarkar et al., 2012). 

Unused crops and food processing wastes represent additional sources of renewable 

biomass that do not directly compete with food production. In addition to these 

upstream sources, consumers generate a large volume of downstream waste in the 

form of kitchen byproducts and uneaten food (Institute of Ethnology, 2011). 
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Because the sugars in fresh and processed vegetable wastes are widely available and 

easily obtainable, they can be considered as potential feed stocks for bioethanol 

production. Since the price of feedstock contributes more than 55% to the production 

cost, inexpensive feed stocks such as lignocellulosic biomass and agri-food wastes, 

are being considered to make bioethanol competitive in the open market. Despite the 

availability of the lignocellulosic biomass, the processing into fermentable sugars 

and to biofuel still requires expensive and harsh pretreatments, some of which are not 

acceptable from environmental point of view (Kasavi et al., 2009). 

2.3.1.1 Wheat straw 

Field residues represent materials left in an agricultural field after harvesting the 

crop, and they include straw and stalks, leaves, and seed pods (AK et al.,2012). 

Bioconversion of cereal straw to bioethanol is becoming an attractive alternative to 

conventional fuel ethanol production from grains (Ballesteros et al.,2006). 

Straw is an important  co-product  from  cereals  and  has  been  used  for  centuries  

for  various  uses.  Straw  is  the  waste  part  of  the  plant  that  does  not  contain the 

grain and it makes up around 50% of the  plants  weight. It  has  mostly  been  used  

for  animal  feed  although  recent  uses  include  biofuels  in  the  lignocellulosic  

path  to  bioethanol  (European Renewable Energy Council, 2006). 

Wheat straw is an abundant agricultural residue with low commercial value and it 

contains about 30–45% cellulose, 20–35% hemicellulose and 8–16% lignin (Prasad 

et al.,2007; Talebnia et al., 2010; Sarkaret al.,2012 and Karagoz et al.,2014). The 

composition of wheat straw shown in Table 2.1 (Talebnia et al., 2010). 

An attractive alternative is utilization of wheat straw for bioethanol production due to 

its high cellulose and hemicelluloses content that can be readily hydrolyzed into 

fermentable sugars and other characteristics, straw makes an attractive material for 

the production of bioethanol fuel (Al-Haj Ibrahim, 2012). However, production costs 

based on the current technology are still too high, preventing commercialization of 

the process. In recent years, progress has been made in developing more effective 

pretreatment and hydrolysis processes leading to higher yield of sugars (Talebnia et 

al., 2010). 
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Table 2.1;Overview of structural characteristics of wheat lignocelluloses (Talebnia et 

al., 2010). 

 

 

2.3.1.2 Tomato waste 

Tomato (Lycopersicone sculentum) is the most popular vegetable crop in Palestine. 

Its annual production is 204,000metric tons which comprises about 32% of the total 

vegetable production in the country (Palestinian Central Bureau of Statistics, 2008 

and Sawalha, 2013). In the Palestine it is estimated that 27763 dunums are cultivated 

with tomato which produce about 212148 tons of tomato. Residues from cereal crops 

as tomato processing are abundant lignocellulosic. The studies related to tomato 

ethanol were very few. Tomato is the world’s largest vegetable crop, because of its 

wide spread production and special nutritive value. It is a common and cheap 

vegetable available throughout the year and in huge quantities during the season 

(Many et al., 2014).It is a rich source of vitamin A and C, it also contains minerals 

like iron, phosphorus and pigments such as Lycopene and Beta-carotene (Robinson, 

2006). Harsh pretreatment conditions could be avoided for agri-food residues. This is 

especially appropriate for tomato wastes because of the considerable amount of 

soluble sugars released in the hydrolysate. Therefore, these residues could be 

potential feedstocks for ethanol production because of both their low-cost and easy 

availability (Del campo, 2006). 
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2.3.2 Advantages of Lignocellulosic materials 

Lignocellulosic materials (LC) are renewable, low cost and are abundantly available. 

It includes crop residues, grasses, sawdust, wood chips, etc. (Karagoz et al., 2014). 

Extensive research has been carried out on ethanol production from lignocellulosics 

in the past two decades. The advantages of using LCs as raw materials for bioethanol 

are their low cost, easy availability, avoidance of conflict with their use for food, and 

the potential production of fuel from lignin. Therefore, using LC as a raw material 

for bioethanol is a major research trend in the renewable energy field. Agricultural 

residues are easier than wood to use as feedstocks for biofuels due to their lower 

lignin and higher hemicellulose contents. Moreover, the residues (mainly lignin) may 

also be used as fuel for the production of steam and electricity. In this respect, the 

sustainable production of bioethanol from lignocellulosic biomass is expected to 

become one of the most credible alternatives within a few years. 

One of the major difficulties that would be faced by bioethanol technology 

developers will be the geographical region of feedstock, logistics and annual crop 

yield (Sarkar et al., 2012). 

2.3.3 Component of Lignocelluloses  

The Lignocelluloses(LCs)consists mainly of biopolymers such as cellulose, 

hemicelluloses and lignin. The content of these biopolymers in LCs is typically 40-

50%, 25-35% and 15-25%, respectively (Balat, 2011 and Sarkar et al., 2012).  The 

composition of LC depends on the type and proportion of biopolymer content. 

Generally, the process of producing 2nd generation ethanol consists of the following 

operations: reduction of particle size (usually by milling or cutting), liberation of 

cellulose and hemicellulose from the lignin-protected complex, carried out by 

different pretreatment methods (usually a combination of high pressure, temperature 

and the addition of chemicals (Balat, 2011 ). 

2.3.3.1 Cellulose 

Cellulose is a structural linear component of a plant’s cell wall consisting of a long-

chain of glucose monomers linked b (1/4)- glycosidic bonds that can reach several 

thousand glucose units in length. The extensive hydrogen linkages among molecules 

lead to a crystalline and strong matrix structure. This cross-linkage of numerous 

hydroxyl groups constitutes the micro fibrils which give the molecule more strength 
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and compactness. Although starchy materials require temperatures of only 60-70 °C 

to be converted from crystalline to amorphous texture, cellulose requires 320°C as 

well as a pressure of 25 MPa to shift from a rigid crystalline structure to an 

amorphous structure in water (Limayema et al., 2012). 

2.3.3.2 Hemicellulose 

Hemicellulose is an amorphous and variable structure formed of heteropolymers 

including hexoses (D-glucose, D-galactose and D-mannose) as well as pentose (D-

xylose and L-arabinose) and may contain sugar acids (uronic acids) namely, D-

glucuronic, D-galacturonic and methyl galacturonic acids. Its backbone chain is 

primarily composed of xylan b (1/4)-linkages that include D-xylose (nearly 90%) and 

L-arabinose (approximately 10%). Because of the diversity of its sugars, 

hemicellulose requires a wide range of enzymes to be completely hydrolyzed into 

free monomers (Sarkar et al., 2012). 

2.3.3.3 Lignin 

Lignin is an aromatic and rigid biopolymer with a molecular weight of 10,000 Da 

bonded via covalent bonds to xylans (hemicellulose portion) conferring rigidity and 

high level of compactness to the plant cell wall. Softwood barks have the highest 

level of lignin (30-60%) followed by the hardwood barks (30-55%) while grasses 

and agricultural residues contain the lowest level of lignin (10-30% and 3-15%, 

respectively). Conversely, crop residues such as corn stover, rice and wheat straws 

are comprised mostly of a hemicellulosic heteropolymer that includes a large number 

of 5-carbon pentose sugars of primarily xylose. Previously, little interest has been 

given to lignin chemistry potential on hydrolysis. For instance, the adsorption of 

lignin to cellulases requires a higher enzyme loading because this binding generates a 

non-productive enzyme attachment and limits the accessibility of cellulose to 

cellulase. Furthermore, phenolic groups are formed from the degradation of lignin. 

These components substantially deactivate cellulolytic enzymes and hence influence 

enzymatic hydrolysis. This negative impact caused by lignin has led to interest in 

lowering the lignin negative effect. Although bioethanol production has been greatly 

improved by new technologies, there are still challenges that need further 

investigations. The most controversial problem of transforming lignocellulosic raw 

materials into liquid fuel mainly presents in the economic feasibility attributing 
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mainly to unilateral researches from own specialties of each scholar without regard 

to the characteristics of the straws themselves (Chen et al., 2010) 

2.4 Pretreatment 

One of the main challenges of producing ethanol from lignocellulosic feedstock in 

general is that pretreatment that required to increase the digestibility of cellulose and 

to maximize the sugar yield from hemi-cellulose. However, most heat and acid-based 

pretreatment processes generate unwanted inhibitory byproducts such as furans and 

phenolic compounds which negatively impacts yeast performance typically, such 

pre-treatment processes are carried out using steam explosion, dilute acid treatment, 

organosolvent. Pretreatment techniques have generally been divided into three 

distinct categories, including physical, chemical, and biological pretreatment (Awolu 

et al., 2011). 

Biomass feedstock needs to be decomposed into its monomers in order to release 

fermentable sugars, which is achieved through technologies using diluted acids and 

enzymes. The diluted acid hydrolysis approach usually de polymerizes the 

hemicellulose at low temperatures, liberating pentose (predominantly xylose), 

whereas the cellulosic fraction of the biomass is scarcely affected by this treatment, 

requiring other physico-chemicals hydrolyses at higher temperatures resulting in 

sugar decomposition, which may lead to metabolic inhibition during fermentation. 

The process of pretreated biomass hydrolysis and fermentation of the liberated sugars 

can proceed as a separate hydrolysis followed by fermentation (SHF), or as a 

simultaneous process, in which saccharification and fermentation (SSF) are 

performed in the same reactor (Mosier et al., 2005 and Conde-Mejiaa et al., 2012) 

reported that dilute acid pretreatment generates lower degradation products than 

concentrated acid pretreatments. 

2.4.1 Microwave-assisted pretreatment 

Microwave is an alternative heating method to conventional conduction and 

convection heating (Chen et al., 2012). Microwave treatment utilizes thermal and 

non-thermal effects generated by microwaves in aqueous environments. In the 

thermal method, internal heat is generated in the biomass by microwave radiation, 

resulting from the vibrations of the polar bonds in the biomass and the surrounding 

aqueous medium. Thus a hot spot is created within the inhomogeneous material.  
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This unique heating feature results in an explosion effect among the particles and 

improves the disruption of recalcitrant structures of lignocelluloses (Hu et al., 2008 

and Sarkar et al., 2012).The use of microwave irradiation to generate heat is very 

promising to be applied in the conversion of biomass to simple sugars. There are 

some reports regarding the use of microwave heating in the degradation of starch 

from different kinds of starchy materials, such as wheat, rice, potato, and corn, in 

water or dilute acid solutions. Microwave heating could convert starch directly to 

glucose in relatively short time (Sunartia et al., 2012 and Xia et al., 2013). It has 

been reported that microwave pretreatment in the presence of water could enhance 

the enzymatic hydrolysis of lignocellulosic materials. Combination microwave 

treatment with either acid or alkali might be an alternative for pretreatment of  

lignocellulosic materials (Binod et al., 2012).Some of the advantages of employing 

microwave heating over conventional heating include reduction of process energy 

requirements, uniform and selective processing and capacity of starting and stopping 

the process instantaneously (Keshwan et al., 2010). 

2.5 Microorganisms 

Microorganisms are a key component of the technology used in different 

fermentation regimes, including ethanol. Diverse groups of microorganisms are 

capable of producing ethanol (Thompson, 2010). These include yeasts, 

Saccharomyces cerevisiae, Schizo saccharomyces pombe, bacteria Zymomonas 

mobilis, fungus Fusarium oxysporum. Yeast like fungus Pachysolentan nophylus    S. 

cerevisiae and S. pombe represent the organisms of choice for the industrial 

production of ethanol due to the following features: theyare capable of fermenting a 

diverse range of sugars for production of ethanol under anaerobic condition 

(Flickinger et al., 1999 and Calinescu et al., 2012 ). 

2.5.1 Saccharomyces cerevisiae 

S. cerevisiae, a facultative anaerobic yeast is commonly used to convert C6 sugars. It 

is adapted to ethanol fermentation, with a high ethanol tolerance, and amenability to 

genetic modifications, however unable to ferment C5 sugars. S. cerevisiae strains are 

the preferred microorganisms for the fermentation step (Ivanova et al., 2011) because 

they give a high ethanol yield, a high productivity (Kasavi et al., 2009). So it is the 

major cell factory in industrial bioethanol production processes (Walker, 2011). 
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However, S. cerevisiae converts only hexose sugars such as glucose and is not able 

to co-ferment glucose and xylose (Farrell et al., 2006 and Jamai et al., 2007). There 

are four stages in the production of lignocellulosic-based ethanol: pretreatment, 

hydrolysis, fermentation and distillation. During the past decades, there have been 

substantial advances in genetic and enzymatic technologies that have helped to 

improve these steps of ethanol production and expand the capability of S. cerevisiae 

for fermenting different sugars simultaneously (Limayema et al., 2012). 

2.6 Immobilization 

Ethanol production by immobilized yeast cells has been extensively investigated 

during last few decades. Immobilization of microbial cells showed certain technical 

and economic advantages over free cell system (Rakin et al., 2009). 

Immobilization in biotechnology is the technique used for the physical or chemical 

fixation of cells, organelles, enzymes or other proteins, into a solid matrix or retained 

by a membrane, in order to increase their stability and make possible their repeated 

or continued use (Senthilrajax et al., 2011). 

Many methods such as entrapment, adsorption, covalent bonding have been used for 

immobilizing yeast cells (Karagoz et al., 2014). Entrapment is the most commonly 

used method of immobilizing cells. This method is preferable for cell immobilization 

due to several advantages. The preparation exhibits decreased cell leakage, and has 

high loading capacity. The method is easy, because a wide variety of polymeric 

material can be used, including synthetic and natural polymers (Cardona et al.,2010). 

2.6.1 Advantages of immobilization 

Immobilization of yeast cells shows a number of advantages over free-cells systems 

for industrial fermentation, such as the relative facility on product separation, 

improved process control, and reduced susceptibility of contaminations, the increase 

of ethanol yield and cellular stability and the decrease of process expenses due to the 

cell recovery and reutilization, greater volumetric productivity as a result of higher 

cell density; tolerance to higher concentrations of substrate and products; lacking of 

inhibition; relative easiness  of downstream processing etc. (Kourkoutas et al., 2004; 

Strehaiano et al., 2006; Rakin et al., 2009; Baptista et al., 2010; Zain et al., 2011 and 

Limayema et al., 2012 ). 
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Therefore, immobilization systems are frequently associated to increased products 

yields and cellular stability, while reducing costs due to the ease of cell recovery and 

reutilization (Selvakumar et al., 1995 and Ghorbani et al., 2011). The culture may be 

kept in a continuous state of growth and/or production in an immobilized culture and 

therefore eliminates the lag phase as the cells are continuously growing and 

reproducing. Moreover, immobilization can protect the cells from toxic compounds 

often contained in lignocellulosic hydrolysate, as the toxicants concentration in the 

immobilized granule can be significantly lower compared to the bulk concentration 

(Karagoz et al., 2014).  

2.6.2 Disadvantages of immobilization 

When using immobilized cell systems some disadvantages must also be considered 

such as mechanical stability of the matrix used to immobilize microbial cells or loss 

of activity on prolonged operation. Immobilization of whole cells adds desirable 

characteristics to such a process. The immobilized whole cell particles retain higher 

microbial activity and/or viability (Luong, 1985). 

Nevertheless, microbial competition for substrates, different microbial optima, 

nutrients and substrate transfer limitations are challenges that need to be optimized in 

immobilized fermentations (Karagoz et al., 2014). 

2.6.3 Immobilization matrices 

The most widely used immobilization methods are based on cell entrapment in 

natural or synthetic polymers gels (Liu et al., 2012). 

The natural polymers mostly used for the immobilization of cells are mainly 

polysaccharides, such as calcium alginate (Bashay et al., 2003; Jyothi et al., 2005 

and Dinu et al., 2007). 

Among common supports for cell immobilization, Ca-alginate gel beads are widely 

used (Bashay, 2003; Maria et al., 2012 and  Karagoz et al., 2014), because they are 

non-toxic, inexpensive and easy to prepare (Behera et al., 2010).Entrapment in 

calcium alginate gel beads has been applied for the immobilization of a large number 

of different cells such as bacteria, cyanobacteria, algae, fungi, yeast, plant 

protoplasts, and plant and animal cells (Skjak-Braek, 1992). The co immobilization 

of different microorganisms within the same porous matrix and the combination of 

two stage fermentation process in a single-step (i.e., the bioconversion of pentoses 

and hexoses to ethanol), has been reported to reduce the energy inputs and to solve 
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some problems arising from the use of co-cultures, such as optimal ranges of pH, 

temperature, nutrients and oxygen demand (Lee et al., 1983). 

Sodium alginate, precursor of calcium alginate (CA) and a non-toxic chemical, is 

most suitable as an immobilization matrix for entrapping biomolecules and 

microorganisms (Adinarayana et al., 2005). This technique has been used extensively 

in fermentation industries for producing amino acids, enzymes, organic acids and 

ethanol (Bodalo et al., 1996 and John et al., 2007). 

Several disadvantages in immobilization with CA include damage to gel particles 

due to carbon dioxide, ―diffusion limitations of nutrients, metabolites and oxygen 

due to the gel matrix and the high cell densities in the gel beads, the chemical and 

physical instability of the gel and the non-regenerability of the beads, making this 

immobilization type rather expensive (Verbelen et al., 2006 and Charlimagne et al., 

2012). 

2.6.4 Particle size 

Because S. cerevasiae is a facultative microorganism, the diameters of the gel 

particles also affected mass transfer of bioethanol. Therefore, bioethanol production 

depended on the diameter of the gel particles. The most common form of alginate 

cells is the bead form with 0,5 mm to 3,5 mm diameter. This occurs when a drop of a 

sodium alginate solution enters a CaCl2 solution. The diameter depends mostly on 

the surface tension of the alginate solution and not drop (needle) diameter. Smaller 

beads permit increased cell loads and smaller distances of the cells to the medium 

thus better substrate and oxygen diffusion (Klein et al., 1979 and Klein et al.,1983). 

Immobilized yeast in 2 mm alginate beads gives satisfying results according to 

(Tataridis et al., 2004). 

2.7 Previous studies 

(Inloeset al.,1983)  Reported that the immobilization of yeast cells within the hollow-

fiber reactors used provided an optional method for achieving extremely high 

densities. Whole-cell immobilization also does not suffer from the problems 

encountered during a cell recycle, when the live cells are frequently traumatized and 

poorly concentrated. This immobilization procedure retained cell viability, and a 

maximum density of 6.3 x 10
9 

viable cells per ml of gel was reported. 
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(Lee et al., 1983) Studied important fermentation variables involved in ethanol 

fermentation for immobilized whole yeast cells, and the performance of an 

immobilized cell reactor system had been evaluated. S. cerevisiae cells were 

immobilized in calcium alginate gel. A packed column reactor was used in a 

continuous operation to test the operational stability and ethanol productivity. It was 

found that the initial activation of immobilized cells as well as intermittent 

reactivations during operation were very important to the satisfactory performance of 

the reactor system over a prolonged period. The maximum ethanol concentration 

observed in the effluent was 98 g1
-1

 at a mean residence time of 3.8 h. Under stable 

continuous operating conditions, ethanol productivity was 38g1
-1

 h 
-1

. At a high 

substrate concentration, both product inhibition by ethanol and substrate inhibition 

by D-glucose were observed. The severity of the substrate inhibition effect was 

found to be dependent upon the flow rate or mean residence time. 

 

(Nigam, 2000) Immobilized S. cerevisiae ATCC 24553 in k-carrageenan and packed 

in a tapered glass column reactor for ethanol production from pineapple cannery 

waste. The volumetric ethanol productivity of the immobilized cells was 11.5 times 

higher than the free cells. The immobilized cell reactor was operated over a period of 

87 days at a dilution rate of 1.0 h
_1

, without any loss in the immobilized cell activity. 

 

(Gksungur et al., 2001) Determined the effect of bead diameter on ethanol 

production using immobilized cells, beads with diameters of 1.3-1.7 mm, 2.0-2.4 mm 

and 2.8-3.2 mm were prepared by using different nozzles. Similar ethanol production 

was obtained with 1.3-1.7 mm and 2.0-2.4 mm beads. Further increases in bead 

diameter decreased ethanol production. The highest ethanol production (4.62%) was 

obtained with cells entrapped in 2.0-2.4 mm Ca-alginate beads.  

 

(Ballesteros et al., 2006) Studied bioethanol production using various pretreatment 

acids and concluded that the best operational conditions for pretreatment of wheat 

straw for ethanol production by a SSF process was by using diluted acid (H2SO4). 

 

(Irfana et al., 2009) Compared ethanol production by free and immobilized S. 

cerevisiae GC-IIB31 under stationary culture. Cane molasses in different 

concentration was used as sugar source for maximum conversion of reducing sugar 
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into ethanol.  Immobilized yeast cells gave significant results up to four consecutive 

batches. Maximum ethanol production by immobilized yeast cells was obtained in 

the 4
th

 batch after which it declined markedly. 

 

(Rakin et al., 2009) Investigated the immobilization of S. cerevisiae var. ellipsoideus 

yeast cells for bioethanol production from corn meal hydrolyzates. For this purpose 

the biocompatible polymers such as polyvinyl alcohol (PVA) and Ca-alginate were 

assessed. The repeated batch fermentation with the yeast immobilized in Ca-alginate 

indicated that alginate gels degraded after the second fermentation cycle. PVA 

carrier exhibited better mechanical properties and stability; however lower ethanol 

concentrations were achieved during the fermentation. 

 

(Behera et al., 2010) Presented ethanol production from mahula flowers in 

submerged fermentation (SmF) using immobilized cells of S. cerevisiae (CTCRI 

strain) and Zymomonas mobilis (MTCC 92) in calcium alginate as beads. Maximum 

ethanol concentrations were 154.5 and 134.55 g kg
-1 

flowers using immobilized cells 

of S. cerevisiae and Z. mobilis, respectively. Immobilized cells of S. cerevisiae in Ca-

alginate beads were more effective (14.83% more yield) for ethanol production than 

immobilized cells of Z. mobilis. 

 

(Nikoli et al., 2010) Concluded that the ethanol concentration achieved in both the 

free and immobilized batch systems (Ca-alginate) were relatively similar. However, 

the study demonstrated that immobilized cells exhibited an elevated tolerance to 

higher substrate and product concentrations compared with the free cells.  It was 

generally concluded that under selected optimal process conditions the immobilized 

system was more productive. The increase in the productivity can be of much greater 

importance in a continuous fermentation system with immobilized cells. A further 

detailed economic analysis of the whole process including the immobilization step 

could confirm the advantage of immobilized system. 

 

(Talebnia et al., 2010) Concluded that the best results with respect to ethanol yield, 

final ethanol concentration and productivity were obtained with the native non-

adapted S. cerevisiae. 
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(Mishra et al., 2011) Indicated that the immobilization of S. cerevisiae possesses the 

capacity not only to utilize high concentration of sugar but also to yield higher 

ethanol productivities during the course of continuous fermentation. It found clearly 

from the investigation that  there would be a potential application for utilizing the 

entrapment of S. cerevisiae  cells on Ca-alginate matrices is a promising method of 

cell immobilization for ethanol  production from sugarcane molasses. 

 

(Singh et al., 2012) Compared ethanol production from pretreated sugarcane passage 

using immobilized S. cerevisiae on various matrices. The yield of ethanol was 0.44 

gp/gsin case of yeast immobilized sugarcane bagasse, 0.38 gp/gs using Ca-alginate 

and 0.33 gp/gs using agar-agar as immobilization matrices. The immobilized yeast 

studied up to 10 cycles in case of immobilized sugarcane bagasse and up to 4 cycles 

in case of agar agar and calcium alginate for ethanol production under repeated batch 

fermentation study.  

 

(Sunartia et al.,2012) Show that direct heating of sago pith in water by microwave 

treatment can swell and gelatinize the starch, make the fiber more amorphous and 

more susceptible for enzyme reaction. Heating in dilute acid directly converted the 

starch and fiber into depolymerized products and gave more simple sugars compared 

to autoclaved heating of sago pith. 

 

(Ali et al., 2014) Compared analytically on bioethanol production with immobilized 

cells of S. cerevisiae local strain and S. cerevisiae MTCC 170 by stationary and 

shaking fermentation methods. Immobilization was carried out by Ca-alginate 

method and fermentations were performed by stationary and shaking methods. 

Immobilized beads were reused for four cycles of fermentation and process was 

monitored with respect to ethanol produced, left over sugar in the fermentation 

medium and fermentation kinetics were studied. Increase in ethanol production was 

observed up to third cycle of fermentation with highest ethanol production at 72 hr in 

third cycle of fermentation in both stationary and shaking fermentation methods 

followed by decrease in ethanol in fourth cycle of fermentation. 
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(Hickerta et al., 2014) Investigated the conversion of hexoses and pentoses liberated 

from high osmotic pressure soybean hull hydrolysate (SHH) in to ethanol by 

immobilized S. cerevisiae. Soybean hull was hydrolysed in a two-steps sulphuric 

acid–enzyme treatment. S. cerevisiae was immobilized in Ca–alginate and cultivated 

in bioreactors to analyzed the possibility of scaling up this process. Results suggest 

the viability of acid–enzymatic saccharification of soybean hulls for second-

generation ethanol production by immobilized yeast cells in bioreactors. 

 (Radhika et al., 2014) Investigated the suitability of tomato fruit for the production 

of tomato wine. Fermentation of tomato juice was carried out by a potent yeast strain 

S. cerevisiae (MTCC 180). The production of tomato wine was standardized with 

reference to different variables such as, size of inoculums, pH of tomato juice, time 

of fermentation (1-10 days), Incubation temperature, effect of alcohol adapted & 

non-adapted cultures and age of culture. The maximum production of ethanol was 

achieved on 4
th 

day of fermentation with 5% inoculums level. The production of 

wine using alcohol adapted culture and non-adapted cultures showed no significant 

change in ethanol content. Hence, better quality wine can be prepared using non-

adapted culture on 4
th

 day of fermentation is considered optimum. The tomato wine 

can be fermented at 4 days of incubation by adjusting the pH of the juice at 3.5 and 

utilizing 5% inoculum level. 
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Chapter 3 

Materials and Methods 

3.1 Materials 

3.1.1 Chemicals and media 

Table 3.1; The chemicals and media used in this study 

Chemical manufacturer Country 

Peptone  

 

Sigma 

 

 

 

USA 

Yeast extract 

Sucrose 

Sulfuric acid 

Sodium alginate 

Tartaric  acid  

Himedia 

 

India Glucose 

Maltose 

Lactose 

Xylose 

Hydrochloric acid 

Calcium chloride 

Ethyl alcohol  

Frutarom 

 

"Occupied Palestine" Glycerin 

Sodium hydroxide 

Chloramphenicol Birzeit-Ltd company Palestine 

Glucose assay kit Chemelex Spain 

 



23 
 

3.1.2 Equipment and apparatus 

 

Table 3.2; The apparatus used in this study 

Apparatus Manufacture country 

Shaking water bath  

N-Biotech 

 

Korea 

 

Incubator 

Shaker incubator 

Biological safety cabinet 

Centrifuge combi 514r Hanil science industrial 

Autoclave Bouxum  

China Microwave oven JAC 

Light microscope Bouxum 

Analytical balance (max 150g-d 0.005g) Ae-ADAM equipment U .S .A 

PH/mV Meter Azzota 

Refrigerator  0  C up To 15 Boeco Germany 

Spectrophotometer (Ct-220) ChromTeck Taiwan 

Orbital Shaker Boeco Germany 

 

All the experiments performed in biology and biotechnology laboratories in Islamic 

university-Gaza. 

3.2 Fermentation media 

The culture media used in this work were two the first wasgrowth media which was 

yeast peptone (YP)medium (10g/L yeast extract, 10g/L peptone, 20 g/L agar) 

supplemented with different carbon sources at the concentration of 20 g/ L (glucose, 
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sucrose, maltose, lactose, xylose).The medium also supplemented with 30 mg/ml 

chloramphenicol for isolation strain. The second media was for ethanol production 

which was tomato sauce waste and wheat straw. 

3.2.1 Collection and preparation of straw and tomato waste 

Fresh tomato waste was obtained from Hamada factory from the city of Gaza in 

Palestine and air dried until the humidity concentration become stable.  Raw wheat 

straw was obtained from local farmers in Gaza. Before any pretreatment it cut to 

nominally 1–2 cm length and washed thoroughly with tap water until the washings 

become clean and colorless and then air dried for further treatment (Thias et al., 

2006).  

3.3 Microorganism 

In this work local S. cerevisiae  was isolated from yogurt. Commercial yeast species 

of S. cerevisiae (Hismaya, Turkey) was used as a control strain. 

3.4 Methods 

3.4.1 Sample collection and isolation 

The yeast (S. cerevisiae) was isolated from traditional yogurt. The sample exposed to 

air for 24 h then plated on yeast peptone glucose agar media (YPG) and incubated at 

30  C for 72 h. After incubation, the colonies were plated on YPG medium 

supplemented with 30 mg/ml chloramphenicol and incubated at the same conditions 

(Thais et al.,2006). 

Pure culture of the colonies were prepared on YPG agar media by keeping the plates  

at 30  C for at least 3 days and maintained on YPG agar slants at 4  C. Yeast cultures 

were stored in 40   sterile glycerol at -80  C. The strains were sub cultured to YPG 

agar media and incubated at 30  C for 3 days and then used to inoculate preculture 

broths. The preculture broth was prepared by inoculating 10 ml YPG media broth in 

test tube with a loop full of the cultured yeast and incubated at 30  C for 12 h then we 

put 10 ml of inoculum to 40 ml of YPG media broth and incubated at 30   C for 48 h. 

When the density of the yeast cells in the liquid medium was adequate, suspension of  

S. cerevisiae at OD 660 =0.1 was used as the inoculum in the fermentation medium 

(Mishra et al., 2011). 
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3.4.2 Inoculum preparation 

The isolated yeast and commercial strain were inoculated in YPG broth and 

incubated at 30  C for 24 h with constant shaking at 110 rpm. After incubation, a 

suspension was prepared and adjusted to an optical density of 0.1 at 660 nm. An 

aliquot of 50 ml was inoculated on specific broth media used for carbon source 

assimilation, and ethanol tolerance test. The volume of suspension (10 ml of 

inoculum in 40 ml of specific broth media) was used that able to provide an 

absorbance between 0.1 and 0.2 at OD 660 nm (Thais et al., 2006 and Shuvashish et 

al., 2010) 

3.4.3 Characterization of the selected yeast isolates 

Yeast isolates were identified based on the morphological and physiological 

characters. 

3.4.3.1 Morphological characterization 

The isolated strains were cultured by inoculation of 10 ml of pre activated culture in 

100 ml of sterile YPG media broth in 250 ml conical flask, incubated at 30  C for 48 h 

and examined for vegetative cells shape and budding pattern under the microscope 

according to (Choi et al., 2009). 

3.4.3.2 Physiological characterization 

The isolated strain along with standard S. cerevisiae were screened for their growth 

on different carbon sources such as described by (Vicente et al., 2006 and Sathees et 

al., 2011). Tolerance to ethanol was performed by using the standard protocols 

(Khainget al.,2008). 

3.4.3.3 Carbohydrate source assimilation test 

Yeast fermentation broth medium was used for identification of yeast based on the 

utilization of various carbohydrates (Glucose, Maltose, Xylose, sucrose and Lactose). 

In this test, 50 ml of YP media, each containing a specific carbohydrate was 

inoculated with yeast isolate. Incubated at 30  C for 96 hr with constant shaking at 

150 rpm. Samples were taken after 24, 48, 72, and 96 hr. Yeast growth was measured 

as turbidity by using of spectrophotometer at a wavelength of 660 nm as described 

by (Walker et al., 2006). 
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3.4.3.4 Tolerance to ethanol 

Tolerance of yeast to ethanol was tested in comparison with the standard strain S. 

cerevisiae. 10 ml of 24 hr old culture was inoculated in 100 ml YPG broth and 

subjected to different concentration of ethanol (5, 8, 10, 13 and 15 % v/v) in the YPG 

broth and incubated at 30  C for 4 days with constant shaking at 150 rpm. After 

incubation , the population was estimated by spectrophotometer at a wavelength of 

660 nm at different time intervals (Thais et al., 2006). The growth curves were 

constructed to find out the best growth at specific ethanol concentration 

(Chandrasena et al., 2006). 

3.5 Pretreatment method 

The size of the straw was mechanically reduced using a grinder and a fine powder of 

40 mesh size obtained (Thais et al., 2006). 

3.5.1 Hydrolysis process 

In this process, acids and microwave were used to catalyze conversion complex 

polysaccharides in lignocellulosic material to simple sugar. The pretreated samples 

of straw and tomato wastes were subjected to hydrolysis by diluted H2SO4 or HCl. 

Around 10 g of powder, wheat straw or tomato waste are placed in a round bottom 

flask (100 mL). About 100 mL of diluted H2SO4 or HCl was added to the contents. 

Hydrolysis was performed at various concentration of H2SO4 ranging from 3%, 5%, 

and 7%. This process was proceeded at 90 C temperature in shaker water bath for 

various periods of time (1, 2, 3, 4, and 5 hours). Then the reaction mixture was 

neutralized with 4M NaOH solution (Thias et al., 2006). 

3.5.1.1 Microwave-acid treatment 

Microwave treatment was carried out using a domestic microwave instrument. The 

microwave instrument was operated at 2450 MHz and 450W. For acid pretreatment, 

50 ml of 7%HCl or 5% H2SO4 was mixed with 5 g of lignocellulosic material in 250 

ml Erlenmeyer flask for 5 min, and shaking well. The mixture then exposed to 

microwave for 5 min. The resulted mixture was passed to shaking water bath at 90  C 

temperature for 3 hr. At the end, the reaction mixture was neutralized with 4M 

NaOH solution. All experiments were carried out in duplicate, and the given 

numbers are the mean values (Binod et al., 2012). 
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3.6 Estimation of reducing sugars 

The amount of reducing sugars was estimated by using glucose assay kit (Chemelex, 

S.A., Spain). 

3.6.1 Method 

"GOD-POD": Enzymatic photometric test. 

3.6.2 Principle 

Glucose was determined after enzymatic oxidation of glucose by glucose oxidase 

(GOD) to gluconic acid. The formed hydrogen peroxide (H2O2) is detected by a 

chromogenic oxygen acceptor, phenol-aminphenazone (AP) in the presence of 

peroxidase (POD): 

Glucose + 2H2O + O2                        Gluconic acid + H2O2 

 

H2O2 + Phenol +(4-AP)               Quinone +H2O 

3.6.3 Assay Procedure 

Wavelength:…………………. 505 nm. 

Cuvette:……………..................1 ml. 

Temperature: ………………….37   C or  15-25 C. 

Measurement:………………….Against reagent blank. 

1. Adjust the instrument to zero with Blank of reagent. 

2. Pipette in to a cuvette: 

 Blank Calibrator Sample 

R (mL) 1.0 1.0 1.0 

Calibrator  (μL) - 10 - 

Sample (μL) - - 10 

 

GOD 

POD 
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3. Mix and incubate for 10 minutes at 37   C or 20 minutes at room temperature 

(15-25   C). 

4. Read the absorbance (A) of the samples and calibrator, against the Blank. The 

color is stable at least 30 minutes. 

3.6.4 Calculation 

Glucose  (mg/dL) = (A) Sample  × 100 (Calibrator con.) 

 

Conversion factor. mg/dL. × 0.0555 = mmol/L 

3.7 Fermentation process 

Anaerobic batch fermentation in 250 mL conical flask of broth media consisting of 

pretreated and hydrolyzed lignocellulosic substrate was carried out in order to 

convert the released sugars into ethanol. The conversion process being accomplished 

by the enzymes released by S. cerevisiae. The pH of the solution was brought to 4.5 

by adding required amount of 1N NaOH to optimize yeast growth. The volume of the 

broth was brought to 125 mL. The hydrolyzed material was completely sterilized by 

autoclaving (120  C, 15 psi pressure and 30 min) before inoculating the yeast. After 

the substrate was prepared, 10 mL of inoculum was added to each flask. The 

fermentation was continued for 5 days and samples were taken from each flask every 

day for analysis (Mishra et al., 2011). The samples were frozen immediately after 

extraction by the micro centrifuge tube until use. All experiments including media 

preparation and sampling were carried out in lab safety cabinet. 

3.8  Estimation of ethanol 

The ethanol was estimated calorimetrically by using a modified potassium 

dichromate method (Loua et al., 2002 and Sudarshan et al., 2011) as the following 

steps: 

1. Four 150 mL or 250 mL beakers 1 to 4 were labeled. 

2. Using a 10 mL graduated cylinder, 5.0 mL of 0.25 M potassium dichromate 

(K2Cr2O7)  were measured  into each beaker. 

3. 1 drop of 0.1 M silver nitrate (AgNO3) to each beaker. The beaker immediately 

after addition was swirled. 

(A)Calibrator 
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4. Using a brute or automatic dispenser, 5.0 mL of 6 M sulfuric acid (H2SO4) was 

added  to each beaker. Swirl the beaker immediately after addition.  

5. To unknown beaker 20 drops of the unknown sample was added and no distilled 

water. 

6. The chemical reaction allowed to proceed for 5 minutes. Swirled the beakers 

several times during the five minutes. 

7. Using the graduated cylinder, the contents of each beaker diluted by adding 39.0 

mL of distilled water to each beaker. Stirred each beaker with a clean stirring rod. 

8. On the spectrophotometer , set the wavelength number to 560 nm. 

9. With the cover of the sample holder closed and no cuvette in place, turn the left 

knob (the zero control) until you read 0% transmittance. 

10. Using the blank solution, the cuvette filled two-thirds full. Placed the cuvette in 

the sample holder and set your instrument, using the right knob (light control) to 

100% transmittance. 

11. The blank removed and saved to adjust the transmittance before every sample 

reading. 

12. In another cuvette, two-thirds full with the contents from beaker #2 and read the 

absorbance. 

The absorbance value used  for the sample and using your calibration plot from to 

determine the alcohol concentration in the unknown sample. 

 

3.9 Immobilization of S. cerevisiae in calcium alginate and 

fermentation conditions 

The calcium alginate gel-entrapping method was used in the present study as 

immobilization matrix. The spherical gel method was employed for the preparation 

of calcium alginate gels. This  spherical gels were readily obtained by adding sodium 

alginate solution to calcium chloride solution using a syringe. Sodium alginate 

solution added drop wise to form granules. The culture medium was then supplied to 

the fermenter to initiate the fermentation (Senthilrajax et al., 2011). 
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3.9.1 Calcium alginate beads 

The (no. of grams) % (by mass) Na-alginate solution was prepared by dissolving (2, 

3, and 4) grams of sodium alginate powder into 250 ml of distilled water. 

Polymer/cell suspension was formed by mixing 250 ml of Na-alginate solution with 

60 ml of thick yeast suspension at room temperature. Spherical micro beads were 

formed by extrusion of Na alginate/yeast cell suspension through a syringe with (0.8 

X 38 mm) needle. The cell suspension was forced out of the tip of the needle at 

constant flow rate to the gelling bath, which was 2 % CaCl2 solution. In this way, the 

yeast cells were entrapped in a gel matrix of Ca-alginate. The immobilized particles 

were rather uniform in size with the mean diameter of 0.2 mm. The beads were 

hardened in the solution for 1hr (Duarte et al., 2013). After gelling, the micro beads 

were washed in double with distilled water to remove the un reacted material. Until 

use, the micro beads with cells were stored in a physiological solution at 4
°
C 

(Neelakandan et al., 2009). 

3.10 Analytical methods and calculations 

Samples were regularly collected from each stage of the entire process. Glucose 

assay kit was used to test the presence of reducing sugars (Mishra et al.,2009). 

The ethanol estimation also done by a modified form of potassium dichromate 

method. A spectrophotometer was used to measure the absorbance. Standard curve 

drawn for ethanol estimation (Mishra et al., 2009). 

The descriptive analysis was performed using Microsoft office excel 2007. 
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Chapter 4 

Results 

 

4.1 Isolation of local strain of S. cerevisiae 

 

The best strain of S. cerevisiae for ethanol production was isolated from yogurt 

according to (Mansour, 2014). 

4.2 Characterization and identification of the isolated S. cerevisiae 

strain 

4.2.1 Morphological characterization 

In Figure 4.1, we observed complete colonies that were 2-3 mm in diameter, slightly 

convex, of smooth creamy consistency, white to cream in color and having a sweet 

smell that is typical of yeast. 

Microphotograph of yeast cells under the light microscope show oval shape and 

budding characters as shown in Figure 4.2. 

 

Figure 4.1; S. cerevisiae on yeast extract peptone glucose agar plate. 
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Figure 4.2; Microscopic Morphology of S. cerevisiae 

4.2.2 Biochemical characterization 

4.2.2.1 Carbohydrate source assimilation test 

The isolated yeast from yogurt was able to utilize various sugars such as glucose, 

maltose, sucrose, but not lactose and xylose, and this was the same result appeared 

with referance S. cerevisiae (Figure 4.3 and 4.4). 

 

Figure 4.3 Carbon assimilation test for reference S. cerevisiae. 
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Figure 4.4 Carbon assimilation test for S. cerevisiae isolated from yogurt 

4.2.2.2 Ethanol tolerance test 

The growth of the isolated yeast in different ethanol concentration is given in Figure 

4.5 Yeast isolated from yogurt showed ethanol tolerance  maximum at 10% 

concentration and gradually decreased at higher concentrations. 

 

 

Figure 4.5; Growth of S. cerevisiae isolated from yogurt at different ethanol 

concentration. 
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Standard S. cerevisiae in Figure 4.6 showed that it can tolerate ethanol at 8% 

concentration and totally decreased at higher concentrations (Figure 4.6). 

 

 

Figure 4.6; Growth of S. cerevisiae  control at different ethanol concentration. 

4.3 Pretreatment of wheat straw and tomato waste 

4.3.1 Hydrolysis process 

4.3.1.1 Effect of different concentrations of acid on wheat straw 

Effect of different concentrations of HCl and H2SO4 on hydrolysis of wheat straw 

were tested with different time intervals of 1 hr to 5hr by estimating the 

concentration of reducing sugars as shown in Figures 4.7, 4.8 respectively. The 

maximum amount of reducing sugars was observed at 7% HCl with tomato waste 

and 5%H2SO4  with wheat straw at 3 hr of hydrolysis process. 
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Figure 4.7;  Effect of different concentrations of HCl on hydrolysis of  wheat straw  

at different time intervals. 

 

 

 

Figure 4.8;  Effect of different concentrations of H2SO4 on hydrolysis of  wheat straw  

at different time intervals 
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4.3.1.2 Effect of different concentrations of acid on tomato wastes 

Effect of different concentrations of HCl and H2SO4 on hydrolysis of tomato wastes 

were tested with different time intervals of 1 hr to 5hr by estimating the 

concentration of reducing sugars as shown in Figures 4.9, 4.10 respectively. The 

maximum amount of reducing sugars was observed at 7%HCl concentration with 

tomato waste at 3 hr of hydrolysis process. 

 

Figure 4.9; Effect of different concentrations of HCl on hydrolysis of tomato waste  

at different time intervals 
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Figure 4.10; Effect of different concentrations of H2SO4 on hydrolysis of tomato 

waste  at different time intervals. 

4.4 Immobilization of yeast in calcium alginate beads 

4.4.1 Size of beads 

After adding the sodium alginate to calcium chloride we examine the size of beads 

and we find that the beads size was equal to 2 mm as shown in the Figure 4.11. 

The beads kept in media at 4  C until used as shown in Figure 4.12. 

 

              Figure 4.11; calcium alginate beads with 2 mm size. 

 

 

Figure 4.12; Yeast cells entrapped in sodium alginate beads within media 



38 
 

 

4.4.2 Sodium alginate concentration 

The different concentrations of sodium alginate were tested for 2 batches, the results 

show that the second batch was better than the first but the beads start to degrade. 

Table 4.1 shows the ethanol yield for the different concentrations of sodium alginate 

used with isolated and reference yeast after 3 days of fermentation. 

Table 4.1; Effect of different concentrations of sodium alginate for first and second 

batch fermentation 

eth conc.2
nd

  

batch % v/v 

eth conc.1
st
 

batch 
Type of cell 

Na-alginate 

con. 

5.02 3.37 Control 2% 

 4.74 3.31 Yogurt isolate 

6.59 3.18 Control 

3% 
4.98 2.88 Yogurt isolate 

6.19 
3.13 

 
Control 

4% 

5.48 2.54 Yogurt isolate 

 

The results showed that the best concentration of sodium alginate used for cell 

immobilization was 3% and 4%, which give the higher concentration of ethanol for 

control and isolated yeast respectively. 

4.4.3 Ethanol yield 

Using potassium dichromate method we developed standard curve for ethanol 

concentrations   as shown in the Figure 4.13. 
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Figure 4.13; Standard curve of ethanol   concentration. 

4.5 Reducing sugar concentration mg /dl 

4.5.1 Reducing sugar concentration mg/dl for wheat straw 

The results showed that the pretreated substrate with microwave assisted with           

5 %H2SO4  at 3 hr had significantly produce (62.54 mg/dl and 92.06 mg/dl 

respectively)  higher concentration of reducing sugar yield  than the samples treated 

with chemical pretreatment alone for wheat straw as shown in Figures 4.14 and 4.15. 

 

Figure 4.14; Reducing sugar concentration mg /dl for free cells of wheat straw 

without microwave assistance. 
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Figure 4.15;  Reducing sugar concentration mg /dl for free cells of wheat straw with 

microwave assistance. 

The Figures 4.14, 4.15 shows high increase in reducing sugar concentration for free 

system with microwave assisted by 32.1% and 21.6% compared with conventional  

acid treatment for yogurt isolated yeast and control respectively. 

4.5.2 Reducing sugar concentration mg /dl for immobilized system 

of wheat straw 

The Figures 4.16, 4.17 show high increase in reducing sugar concentration for 

immobilized system with microwave assisted by 35.3% and 45.7% compared with 

convenient acid treatment for yogurt isolated yeast and control respectively. 

 

Figure 4.16; Reducing sugar concentration mg /dl for immobilized cells of wheat 

straw without microwave assistance. 
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Figure 4.17 : Reducing sugar concentration mg /dl for immobilized  cells  of  wheat  

straw with microwave assistance. 

4.5.3 Reducing sugars concentration mg /dl for free system of tomato 

waste 

The Figures 4.18, 4.19 show high increase in reducing sugar concentration for free 

system with microwave assisted by 15.3% and 31.3% compared with conventional 

acid treatment for yogurt isolated yeast and control respectively. 

 

Figure 4.18; Reducing sugar concentration mg /dl for free system of tomato waste 

without microwave assistance. 
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Figure 4.19 : Reducing sugar concentration mg /dl for free system of tomato waste 

with microwave assistance. 

 

4.5.4 Reducing sugars concentration mg /dl  for immobilized system 

of tomato waste 

The Figures 4.20, 4.21 show high increase in reducing sugar concentration for 

immobilized system with microwave assisted by 10.3% and 29.6% compared with 

conventional  acid treatment for yogurt isolated yeast and control respectively. 

The amount of reducing sugar for tomato waste with microwave was higher than for 

tomato waste without microwave treatment by 11.4% and 42.1% for isolated and 

reference yeast respectively. 
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Figure 4.20; Reducing sugar concentration mg /dl for immobilized system of tomato 

waste without microwave assistance. 

 

 

Figure 4.21 ; Reducing sugar concentration mg /dl for immobilized  system of 

tomato waste with microwave assistance. 
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4.6 Estimation of ethanol yield from pretreated lignocellulosic  

material 

 

Table 4.2 shows that the high concentration of ethanol is (641.22 mg/g) of wheat 

straw which was for free cells with 5%H2SO4microwave assisted hydrolysis. 

Table 4.2; Estimation of ethanol yield from pretreated wheat straw  mg/g 

 Free Immobilized 

 5%H2SO4 
microwave 

with5%H2SO4 
5%H2SO4 

microwave 

with5%H2SO4 

Yogurt isolated 

yeast 
578.11 641.22 155.72 293.13 

control 305.34 629.00 115.62 326.71 

 

Table 4.3shows that the high concentration of ethanol is (543.51 mg/g) of tomato 

waste which was for immobilized cells with 7%HCl microwave assisted hydrolysis. 

 

Table 4.3; Estimation of ethanol yield from pretreated tomato waste mg/g. 

Immobilized Free  

microwave 

with 7%HCl 
7%HCl 

microwave 

with7%HCl 
7%HCl  

543.51 210.68 500.76 378.62 
Yogurt 

isolated yeast 

225.95 158.78 441.73 341.98 control 
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Chapter 5 

Discussion 

5.1 Isolation and selection of yeast isolates 

Research on ethanol fermentation, including the search for efficient S. cerevisiae 

strains and other strains of closely related species, has been continuing for years in 

order to lower down the cost of production. Desired yeast strains have the special 

property of possessing particularly efficient aerobic and anaerobic metabolic 

capabilities, making them high ethanol producers. Traditional methods for 

distinguishing strains of yeasts have relied on biochemical, morphological and 

physiological criteria (Pajares et al., 2009). 

We choose S. cerevisiae strain as it has higher specific growth and substrate 

utilization rate for glucose (Karagoz et al., 2014). 

According to (Mansour, 2014) strain isolated from yogurt was more prominent than 

the strains isolated from other sources because of the acidic nature of yogurt.  

5.2 Physiological characterization 

5.2.1 Carbohydrate source assimilation test 

 The isolated strain of S. cerevisiae can ferment glucose and many other 

hexoses(maltose, sucrose, galactose) but not lactose or xylose (Figure4.4), which is 

similar to what reported by previous studies (Shahbazi et al.,1998;  Wilson et al., 

2006 and Goffeau, 2009). 

 

5.2.2 Ethanol tolerance test 

Ethanol is toxic to yeast cells and high ethanol tolerance is a desirable trait selected 

for industrial strains. Ethanol inhibition is directly related to the inhibition and 

denaturation of important glycolytic enzymes, as well as to modification of the cell 

membrane (Pajareset al., 2009) 
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Ethanol is well known to inhibit yeast growth and viability, affecting various 

transport system and inactivates some enzymes, such as hexokinase and 

dehydrogenase (Salvado et al., 2005) 

In our research the isolated S. cerevisiae was tolerance to ethanol maximum at 

concentration of 10% and gradually decreased at higher concentration that is similar 

to which is reported by (Osho, 2005 and Osuruet al., 2013). 

Ethanol tolerance of this strain was determined by spotting culture samples grown in 

the presence of YPD containing 0—15% (v/v) ethanol. Whereas the  strains were 

highly tolerant to 0—10% ethanol for 72 hours, No growth at 15% ethanol were 

observed,  which is in good agreement with the previous study(Kasavi et al., 2009). 

5.3 Hydrolysis process 

5.3.1 Dilute acid hydrolysis 

For tomato waste the  results indicated that pretreatment with acid (H2SO4) was not 

sufficient that is similar to  the results obtained by  (Kumar et al., 2009)  who 

concluded that pretreatment with acid (H2SO4) generally reduce the availability of 

total carbohydrate and reducing sugar for fermentation. 

For wheat straw (Al-Haj Ibrahim, 2012) reported that among acid pretreatment 

methods, dilute acid pre-treatment using H2SO4 is the most-widely used method. 

Compared to other chemical methods, dilute acid pre-treatment is more efficient in 

hemicellulose solubilization. High temperatures are employed in this process in order 

to accelerate the rate of hemicellulose sugar decomposition and attain acceptable 

rates of cellulose conversion to glucose, the best pre-treatment method for straw is 

acid-catalyzed hydrolysis with high temperature and hot water.  

Results obtained by (Hamelinck et al., 2005) who concluded that during the 

pretreatment process, degradation compounds of pentoses and hexoses primarily 

furfural and 5-hydroxymethyl furfural (5-HMF) are formed. These components are 

toxic and inhibit the subsequent enzymatic and fermentative processes. Therefore, 

they must be removed or neutralized prior to the fermentation; otherwise, larger 

amounts of fermenting microorganisms need to be applied in fermentation. 
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In this study different concentration of dilute H2SO4 and HCl on hydrolysis of both 

wheat straw and tomato wastes were tested as shown in Figures(4.7- 4.10). The 

maximum concentration of reducing sugar was in 5% H2SO4 for wheat straw and 

7%HCl for tomato waste at 3 hours of hydrolysis process. 

 

Similar results were reported by (Mishra et al., 2011).The hydrolysis of the cellulose 

content in to sugars is done by dilute acid hydrolysis that involves incubation period 

at high temperature for 72 hr.  

 

Dilute acid hydrolysis has been successfully developed for pretreatment of 

lignocelllosic materials. The sulfuric acid pretreatment can achieve high reaction 

rates and significantly improve cellulose hydrolysis (Hashimoto et al., 1997). 

5.3.2 Combined microwave-chemical pretreatment 

The reducing sugar yields from hydrolysis of microwave pretreatment combined 

with varying levels of dilute H2SO4 and HCl are shown in Figures(4.14 and 4.15) for 

H2SO4and (4.20, 4.21) for HCl. The results showed that the pretreated substrate with 

microwave assisted 5%H2SO4 and 7%HCl at 3 hr had significantly produced higher 

concentration of reducing sugar yield than the samples treated with chemical 

pretreatment alone. 

The use of microwave irradiation to generate heat is very promising to be applied in 

the conversion of biomass to simple sugars. There are some reports regarding the use 

of microwave heating in the degradation of starch from different kinds of starchy 

materials, such as wheat, rice, potato, and corn, in water or dilute acid solutions. 

Microwave heating could convert starch directly to glucose in relatively short time 

(Sunartia et al., 2012). 

As clearly shown, combined microwave- chemical pretreatment yielded significantly 

higher reducing sugars than chemical pretreatment alone (H2SO4 and HCl ). The 

yields from microwave- HCl pretreatment were approximately 2.8 times that of 

chemical pretreatment alone but, the yields from microwave- H2SO4 pretreatment 

were approximately 1.48 times that of chemical pretreatment alone. The highest yield 

from combined microwave-(HCl or H2SO4) pretreatments were obtained at a 

concentration of (7%HCl or H2SO4) and a residence time of 3 hr. 
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A review of other references agree with our results which indicated that microwave 

pretreatment in the presence of chemical reagents would be more effective, as 

reported by (Zeeman et al.,2009; Chen, et al., 2012; Sunartia et al., 2012 and Xia et 

al., 2013). 

 

5.4 Immobilization of S. cerevisiae 

5.4.1 Immobilization  matrix 

In our  study we used calcium  alginate  as  immobilization  matrix as  many 

literatures reported that Ca- alginate  is the best matrix can be used (Bashay , 2003; 

Adinarayana et al.,2005; Maria et al.,2012 and  Karagoz et al.,2014). 

A widely exploited immobilization strategy is the entrapment of microorganisms in 

alginate beads, where the concentration of CaCl2 can influence the rate of ethanol 

production via altered matrix permeability for substrate as well as for product 

(Franco et al., 2011). 

Immobilized S. cerevisiae cells displayed an increase in ethanol productivity 

compared to free cells for tomato as reported by (Nahak et al.,2011). However,  

(Senac et al.,1991) found no improvement of the productivity after cell 

immobilization, indicating that the physiology of immobilized cells differ from that 

of free cells (Lohmeier-Vogel et al.,1995). The difference in behavior between 

immobilized and free cells is related to several factors. Nutrient limitations and 

microenvironment surrounding the cells are widely used to explain physiological and 

morphological changes of cells after immobilization (Holcberg et al., 1981). 

5.4.2 Particle size 

In our study the size of particle was approximately 2 mm which is preferred for mass 

and heat transfer (Gksungur et al.,2001). 

The 2.15 mm gel particles obtained a significantly higher reducing sugar conversion 

rate compared to the 2.48 mm gel particles. These experimental results are consistent 

with reports in the literature that mass transfer is limited in gel beads. 

The experimental results given above suggest that a small gel particle size can 

substantially affect mass transfer because it increases the reducing sugar/bioethanol 

conversion rate (Liu et al., 2012). 
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Smaller beads yielded more ethanol, probably due to an increase in surface-volume 

ratio. A similar result was reported in a previous studies (Gsksungur et al.,1999 and 

Gksungur et al.,2001). They attributed this to the fact that a given volume of larger 

beads has less surface area available for mass transfer of substrate into and through 

the beads. 

5.4.3 Effect of Na-alginate concentration 

Yeast cells were immobilized in Ca-alginate gel beads prepared from different 

concentrations of Na-alginate (2, 3, 4 % w/v).  As seen in Table 4.1, the highest 

ethanol production (6.59%) and (5.48%) were obtained with beads prepared from 

3% and 4% Na-alginate for control and isolated yeast respectively. The difference 

between two strain may be due to the different interaction with the microenviroment 

surrounding the microorganism. 

5.6 Fermentation Process 

Fermentation is the process where yeast and other microorganisms convert sugars to 

alcohol as described by (Kasavi et al., 2009). 

Our result agree with many studies which use pretreated lignocellulosic material as 

fermentation media(Badger, 2002; Karimiet al., 2006 and Ylitervo, 2008). 

The low amount of ethanol extracted from tomato waste was due to the presence of 

lycopene and carotenoids in tomato as described by (Muthumani et al., 2014) which 

agree with our results. 

Ethanol  yield using  wheat  straw was approximately agree with (Nikolic et 

al.,2009) which was 0.55g/g, indicate that immobilization of the yeast into Ca-

alginate  exhibited low substrate inhibition and high tolerance to ethanol since there 

was not declining phase in ethanol production. 

 

Our result is considered relatively acceptable and close to the published data (Nikolic 

et al., 2009;  Badger, 2002; Karimi et al., 2006 and Ylitervo, 2008 and Muthumani et 

al., 2014) but there are many factors affect our results such as the kind of 

lignocellulosic material as its sugar content differ from one type to another, type of 

pretreatment method as many studies used higher temperature and pressure. All 

works occurred in safety cabinet, and the hydrolyzed material was completely 
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sterilized by autoclaving (120°C, 15 psi and 30 min) before inoculating the yeast, but 

all these precautions do not  prevent  contamination. Agitation is very important for 

mass and heat transfer, but it may cause shear forces leading to morphological 

changes, variation in growth rate and kinetics and leading to damage cells structure. 

The main drawback for application of polymer beads as cells carrier is problem of 

gel degradation, low physical strength, considerable substrate and product mass 

transfer limitation and gel particles disruption due to intensive CO2 evolution. 

Concentration of CaCl2 in Calcium alginate preparation  can influence the rate of 

ethanol production via altered matrix permeability for substrate as well as for product 

(Rodmui et al., 2007).  
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Chapter 6  

Conclusion and Recommendation 

 

6.1 Conclusion 

The importance of ethanol is increasing due to a number of reasons such as global 

warming and climate change. Bioethanol has been receiving widespread interest at 

the international, national and regional levels. The global market for bioethanol has 

entered a phase of rapid, transitional growth. Many countries around the world are 

shifting their focus toward renewable sources for power production because of 

depleting crude oil reserves. 

Bioethanol conversion from lignocellulose holds great potential due to the 

widespread availability, abundance, and relatively low cost of cellulosic materials. 

There are still several hindrances on the way of developing an economically feasible 

technology, due to the complicated structure and inhomogeneous nature of the raw 

material. The economical and environmentally-friendly development of bioethanol 

from lignocellulose necessitates highly efficient process integration. 

The use of agricultural wastes and by-products is of special importance, from 

environmental point of view, since it increases the efficiency of the utilization of the 

solar energy converted by crop plants without exploitation of additional natural 

resources such as land and water.  

The present work focused on bioethanol production by immobilized S. cerevisiae 

using different lignocellulesic materials. Ethanol production was carried out by 

means of isolating S. cerevisiae yeast isolated from yogurt, characterizing it, and 

analyzing it  using many morphological and physiological characterization. The 

growth of yeast occurred under optimized conditions at temperature 30°C and pH 

4.5.Generally the isolated strain able to tolerate ethanol concentration of 10%. 

Wheat straw are promising feedstock for bioethanol production but, the tomato waste 

show low yield of ethanol. To produce economically feasible cellulosic ethanol, yield 

and enzyme efficiency have to be improved by optimizing all unit processes 

(pretreatment, saccharification and ethanol fermentation). Most of pretreatment 
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focused on using low temperature to reduce hemicellulose damage, so application of 

microwave can assist in this process. 

Using of immobilization technique is very promising technique which can improve 

ethanol production and reducing production cost. Many factors should be optimized 

such as type of immobilization, type of matrix and concentration of calcium alginate. 

The major conclusion remarks can be reported are: 

1. Wheat straw have higher cellulose content than tomato, but its degradation 

process is difficult and energy consuming. 

2. At temperature 90°C for 3 hr, the hydrolysis efficiencies of wheat straw and 

tomato waste were the best at 5%H2SO4and 7%HCl concentration 

respectively. 

3. Microwave assisted dilute acid hydrolysis technology can greatly improve the 

hydrolysis efficiency of wheat straw and tomato waste. 

4. The immobilization technique improves the ethanol yield with tomato waste 

using calcium alginate beads. 

5. The concentration of calcium alginate affects the process, So it should be 

optimized. 

6. The production of ethanol in second batch was better than the first one. 

7. The highest concentration of ethanol were (641mg/g) and (543.51 mg/g) for 

wheat straw and tomato waste respectively. 
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6.2 Recommendations 

 

The present work is part of extensive research devoted to meeting challenges and 

requirements that human society currently encounters in sustainable development. 

The production of bioethanol become an important issue, so further studies should be 

performed and the following recommendations  could be taken in account: 

1. Using of different lignocellulosic material to show its ability for bioethanol 

production. 

2. Comparing between calcium alginate and a gar-agar and polyacrylamide as 

immobilization matrix. 

3. Genetically engineered microorganism with  high ethanol tolerance or with 

hexose and pentose fermentation ability. 

4. Attempt to scale up of microwave-based pretreatment. 

5. Development of new or more friendly pretreatment.  

6. Co-cultivation strategy may have synergistic effects on saccharification 

enzyme activity. 
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