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Abstract  

 

Wheat straw is abundantly found agriculture waste having low commercial low value. Wheat 

straw is lignocellulosic biomass which can be used for the production of bioethanol. As fuels are 

depleting source of global world so ethanol can be used for alternative source. Pre-treatment 

method is used for lignocellulosic biomass for improving the hydrolysis of the wheat straw as it 

contains high amount of cellulose and removal of lignin and hemicellulose. Cellulose convert 

into the reducing sugars and then to the ethanol. Acidic and alkaline pretreatment methods used 

and from both of the method alkaline pretreatment come up with the good results. Free and 

immobilized Saccharomyces cerevisiae was used for the fermentation and was found that 

pretreated sample fermented with free yeast cell found with the better results for the production 

of bioethanol. Fourier transforms infrared spectroscopy and gas chromatography methods are 

used for the estimation of ethanol.  
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1. Introduction 

Bioethanol is an alcohol made by fermentation. Bioethanol is produced by the sugar or from 

cellulose by the process of fermentation and can also be obtained from the chemical reaction of 

ethylene with steam. Mainly sugar is used as source for production of ethanol. Source comes 

from energy crops. The principle fuel used as petroleum alternate is bioethanol. The sources for 

sugar required to produce ethanol comes from fuel or energy crops .The mainly used crops are 

also grown for specific energy use these crops are maize, corn, sugarcane, rice and wheat straw  

crops,  waste straw, sorghum plants, sawdust , red canary grass. 

 

Ethanol also called ethyl alcohol with the structural formula CH3CH2OH, also known as 

C2H5OH or C2H6O. When consumed ethanol can cause alcohol intoxication. Best known as the 

type  of alcohol found  in  beverages  containing  alcohol,  it  is  also  used  in thermometers,  as  

a solvent, and as a fuel. In common, it is simply used as alcohol or spirits. (Shakhashiri 2009). 

 

1.2  Lignocellulose bioethanol 

Ethanol is bio-based oxygen enriched fuel. Developing bioethanol as bio fuel, the main 

requirement is development of lignocellulose bio mass which serves as low cost and enriched in 

carbon and energy feed biomass. Lignocellulose means to dry matter of plants so abundant raw 

material is present on earth. Lignocellulose composed of two polymers carbohydrate polymer 

those are cellulose and hemicellulose and aromatic polymer as lignin. Carbohydrate polymer 

consists of various sugar monomers and tightly bound to lignin (Saha et al. 2005). Different and 

many advance technologies are there for the bioconversion of lignocellulose to biofuel and 

choose technologies are based upon the factors of economic and environmental factors (Carroll 

et al., 2009). 

 

Lignocellulose is very recalcitrant so pretreatment is done to simplify the recalcitrant structures. 

Hydrolysis is performed to hydrolyze polysaccharides example cellulose and hemicellulose into 

the sugars. Fermentation process is done for converting fermentable sugar into ethanol (Huang et 

al., 2011). 

http://en.wikipedia.org/wiki/Alcohol_intoxication
http://en.wikipedia.org/wiki/Alcohol
http://en.wikipedia.org/wiki/Alcoholic_beverages
http://en.wikipedia.org/wiki/Thermometers
http://en.wikipedia.org/wiki/Solvent
http://en.wikipedia.org/wiki/Alcohol_fuel
http://en.wikipedia.org/wiki/Distilled_beverage
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Lignocellulose compounds are taken for agriculture waste, forestry, fruit and household wastes. 

Hydrolysis of cellulose causes production of glucose and hemicellulose causes production of 

both hexose and pentose sugar. During the process of hydrolysis production of acetic acid is also 

there that can also be factor for inhibition in ethanol fermentation process. Lignin is mostly the 

by-product. Difference between the processing steps of starch and lignocellulose feedstock but 

hydrolysis stages of lignocellulose is more complicated (Chandel et al., 2007). 

 

1.3  Main processes for bioethanol production 

 

 

 

  

1.2.1 Pretreatment process 

Different methods of pretreatment are physical, physico-chemical, chemical, biological process 

used according to the cost effective. The main purpose of pretreat is to clear away lignin and 

hemicellulose, abate cellulose crystallinity and hence the porosity of the feedstock wheat straw. 

Pretreatment is aimed for no formation of byproducts those act as inhibitor to further process that 

Pretreatment 
for 

Mechanical methods : 
Milling,Grinding, 

Chipping. 

Hydrothermal method: Liquid hot 
water, 

Brown Fungi, White fungi, Soft-
rotfungi. 

Physical method 

Chemical method 

Acid dilute or concentrate method, 

Alkali method and 

Physico-Chemical 

Biological Method 

Figure 1. Different pretreatment methods for production of bioethanol from wheat 

straw. 
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is hydrolysis, no loss of carbohydrates, and more formation of sugar (sun et al., 2010). 

 

 

 

 

Figure 2 .Cellulose released from lignin structure during pretreatment (Mosier et al. 2005) 

1.2.2 Hydrolysis 

Hexose and pentose sugars are produced by hemicellulose hydrolysis: mannose, galactose, 

xylose and arabinose that cannot be fermented with existing strain. During hydrolysis 

primarily acetic acid is also produced that can inhibit the process of ethanol fermentation. By-

products mainly have lignin. As compared to the grains ethanol byproducts have less food 

value so used as production of ethanol. The difference in process steps between starch and 

lignocellulosic feedstock is that lignocellulosic biomass requires more complex stages in 

hydrolysis. Cellulose biomass is biologically converted to ethanol, fuel and chemical through 

cellulose enzymatic hydrolysis which favors to higher rate of yield (Yang et al., 2011). 

1.2.3 Fermentation 

After the process of pretreatment and hydrolysis release of sugar, pentose and hexoses to ferment 

them microorganism for bioethanol production are used. Microorganism is used as per there 

different capabilities as to hence the production of bioethanol yield and substrate utilization and 

main is to ferment sugar at high temperature for production of bioethanol. Different 

microorganism can be used like fungi, Bacteria, yeast, pure and mixed culture ( Talebina et al., 

2009). 
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1.3 Properties of bioethanol as fuel 

 The main property of bioethanol is having the high octane number (108), wide flammability 

and combustible limits, and comparably more heat of vaporization from gasoline. All given 

properties allow the higher compression ratio, spark  burn time, thin burn engine, as these 

moves to more efficient over gasoline in internal burning engine. 

 Bioethanol is efficient for the varied biofuel in the‟ gasoline engine as it has high octane 

number(108) and cetane number is low  and large heat of vaporization disturb self-kindling 

in the diesel engine . Glow plugs, surface kindling and other are applied to increase self-

ignition by using diesel and ethanol blended fuel. 

 Popularly blended E85 (85% bioethanol and 15% gasoline) used for light duty vehicles. 

Ethanol     is enriched with oxygen (35%), which lowers hydrocarbon, carbon monoxide, 

particulate and nitrogen oxide (NOX) emissions from combustion. 

 Bioethanol is oxygenated fuel as it provides sensible antiknock value. As amount of oxygen           

content of a fuel raises its burning capacity. 

 Ethanol has same fuel properties as methanol but ethanol costs more because its production 

is mostly from biomass bioconversion. Systematically reaction of ethanol is different  

methanol and ethyl alcohol is fast oxidized in nature. As methanol is easy to recover and 

recycles because no formation of zoetrope (Balat et al.,2008). 

 

1.4 Rate production of Bioethanol 

 

As increase in the world population and industrialization there is high demand for energy. As 

this resulted in the increment in the cost of crude oil, natural gases (methane, ethane and 

butane) daily. Thus the development of biofuel like biodiesel, biogas and bioethanol all are the 

influencing renewable energy among biofuel. The commonly used worldwide renewable fuel 

is ethanol. Production of bioethanol increased widely all over the world since, in 1970 oil 

crises. That effect the market as it reduced to billion liters in 1975 and even high  in 39 billion 

liters in 2006, and the expected to attain 100 billion liters in 2015. Although, minimize 

production costs are essential to make biofuel more combative, mainly when oil costs are 

below US$ 80 per drum (Tesfaw et al., 2014). 
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In 2004 ethanol production was calculated to be 40 giga liters. Brazil and US are the leader 

both consider about 60% of the ethanol production through the sugarcane and corn (Chandel et 

al., 2007). 

1.5 Immobilized yeast cell. 

Immobilized yeast cell method has been proposed as an active means for taming ethanol 

fermentation. Immobilization of cells leads to superior cell masses with resulting increases in 

rate of reaction and yield. Bioethanol production by immobilized cells has been widely 

investigated for the last few periods. Immobilized of cell have been performed on a variety of 

natural and artificial supports. Widely used is method  synthetic importer in immobilization 

methods is founded on cell entrapment in different  gels, such as carrageen and Ca-alginate. 

Limitation of these methods is the absence of mass transmission between product and substrate 

in the method. Other drawbacks are the volatility of CA alginate in contradiction of the buffer 

solution and the interruption of gel particles due to CO2 change during fermentation, which 

also bounds its usage .(Martini et al., 2010) 

 

 

 

 

 

 

 

 

 

 

 

 



18 | P a g e  

 

 

 

 

 

 

 

CHAPTER 2 

TERMINOLOGY 

 

 

 

 

 

 

 

 

 

 

 



19 | P a g e  

 

2. Terminology 

 

 Bioethanol: Ethanol formed from plants such as wheat straw ,rice husk ,sugar 

cane or maize, used as an substitute to petrol. 

 Chromatography: A method for the parting of a mixture by transient it in 

solution or holdup through a medium in which the constituents move at different 

rates. 

 Distillation: The action of liberating a liquid by a method of heating and cooling. 

 Fermentation: The biochemical analysis of a substance by yeast, bacteria or 

other microorganisms, typically relating foaminess and the giving off of heat. 

 Filtration: The action or process of filtering something like solid part mixed with 

liquid and separated out.. 

 Hemicellulose: A hemicellulose is any of several heteropolymers, such as 

arabinoxylans, present along with cellulose in almost all plant cell walls 

 Hydrolysis: The chemical breakdown of a compound due to reaction with water. 

 Lignocellulose: A compound of lignin and cellulose present in the cell walls of 

woody plants. 

 Pyrolysis: Decomposition brought about by high temperatures like high 

temperature. 

 Saccharification: It is a method of   hydrolysis of polysaccharides to soluble 

sugars is called saccharification. 

 Suspension:  A suspension is a mixed mixture having solid particles that are 

suitably large for sedimentation 
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3. Literature survey 

Study comprises the advance techniques and challenges during the processes those are 

pretreatment, hydrolysis, fermentation and distillation. An agricultural waste wheat straw is 

most abundant and has very less market value. World‟s21% food varieties depend upon wheat 

crop so its production should be increased for fulfilling the requirement and human 

consumption. Wheat straw has a complex mixture of cellulose, hemicellulose and lignin. 

Pretreatment is done to be make cellulose work for better enzymatic depolymerization. 

Physical process involves milling, grinding, chipping. Physico-chemical process involves the 

process hydrothermal i.e. is liquid hot water and steam explosion and chemicals used as H2SO4 

and AFEX. Chemical process have several acids (dilute, concentrate), alkali (NAOH, lime), 

oxidizing agents (h2O2, WO and ozonolysis). Fungal method as brown white and soft-rot fungi 

examples as Aspergillus Niger, pleurotus ostrearus, aspergillus awamori. Further hydrolysis is 

performed by using enzymes Trichoderma reesei and Aspergillus niger. Three main enzymes 

called endo-glucanase exo-glucanase and β-glucosidase these entire plays vital role in 

hydrolysis. Optimum temperature (45-55°C) and pH (4-5) is maintained as almost all the 

enzyme show there activity. Tween 20 non-ionic surfactant as raises the cellulose conversion 

during hydrolysis. Utilization in industries of lignocelluloses for the production of bioethanol 

Saccharomyces cerevisiae and Zymomonas mobilis are microorganism for fermentation 

offering high yield (90-97%) and increased ethanol tolerance up to Ca. 10 %( w/v). The 

different technique like separate hydrolysis and fermentation (SHF), saccharification and 

fermentation (SSF) are performed in different vessels under specific conditions. The future 

perceptive of the study as S. cerevisiae unable to uptake pentose sugar so the metabolize 

technology is used for the process of fermentation of the mixed sugar. Some yeast and bacteria 

such as E.coli, kelbsiella oxytoca, z. mobilis and S. cerevisiae has shown result and along with 

commercial scale up (Talebina et al., 2009). 

 

According to the literature rice straw is highly available biomass all over the world about 7.31 × 

10
14 

per year .The various methods for pretreatment were carried out such as grinding, milling, 

pyrolysis, high pressure steam, alkaline hydrolysis, acid hydrolysis, gas treatment, hydrogen 

peroxide treatment and biological pretreatment. Enzymes help in the conversion of glucose 
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which is the main for the ethanol production. Several enzymes can be used for the production 

and anaerobic thermophilic bacteria, like Clostridium therocellum, Zymomonas, Escherichia 

coli and of the filamentous fungi involving Monilia sp., Neurospora crassa, Neurospora sp., 

Zygosaccharomyces rouxii, Aspergillus sp, Trichoderma viride, Paecilomyces sp. Pretreatment 

of the lignocellulose biomass is done for the production of ethanol from the biomass by using 

the specific strain of Saccharomyces cerevisiae in the submerged fermentation. The sample 

collected that wheat straw dipped in 3% h2O2 +2% NaOH solution 2 hours at room temperature. 

After the steaming is done at 130 °C for 60 min. Determination of lignin and  delignification is 

expressed by equations: 

Lignin (%) = lignin weight (g) × 100 

Substrate weight (g) 

 

Delignification (%) = Lu - Lt ×100 

Lu 

lu = lignin (untreated sample) 

lt = lignin (treated sample). 

Commercial enzyme with Carboxymethyl cellulose (CM Case) solution was prepared and used 

for process of hydrolysis. Terminated enzymatic hydrolysis the sample centrifuge at 10,000 

rpm for 10min. Calculation of 

Saccharification (%). 

Saccharification(%)= Reducing sugar(g)×0.9 ×100 

Cellulose content in pretreated substrate 

Ethanol production is measured spectrophotometric ally. Fourier transforms infra-red 

spectroscopy of substrate used to examine the chemical disturbance in treated and untreated 

sample. ANOVA used for the statistical analysis. They concluded that pretreatment of  the 

sample is important for more amount of sugar as result by method of enzymatic hydrolysis. For 

conversion of sugar to ethanol S. Cerevisiae is used (Irfan et al., 2013). 

 

According to the study in 2009 production of ethanol rose up to 19,535 millions of gallons. 
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Immense capacity for conversion sugar and biofuel from lignocellulose feed stock referred as 

second generation production of bioethanol. For processing the first step that is pretreatment 

performed with hydrothermal process used hot compressed water as this is useful and efficient 

because no chemical is required and no toxic aggregate formation occur . Yeast strain 

Saccharomyces cerevisiae and enzymes solution those are β- glucosidase from Aspergillus niger 

and   cellulose  from   Trichoderma  reesei   commercially  obtained.   Standard  procedure    was 

conducted for simultaneous saccharification and fermentation in which flocculating enzyme 

saccharomyces cerevisiae and incubated at various conditions. Concentration of Ethanol and 

amount of remaining sugar were estimated by HPLC. Ethanol yield calculation and statistical 

analysis along with experimental design were examined in study. 

Ethanol yield = [EtOH]f–[EtOH]0 ×100% 

0.51ƒ [Biomass] × 1.111 

Where, [Et OH]f final ethanol concentration and [Et OH]0 is the initial rate of ethanol 

concentration and 0.51ƒ [Biomass] term is theory based concentration and weight of initial rate  

of ethanol. Using hydrothermal processing glucan is not that much affected solid aggregate 

and increased concentration of glucan which is also in relation with hemicellulose that is 

amorphous and unstable. During SSF yield of ethanol increases and level of glucose get 

reduced. These results showed that Saccharomyces cerevisiae CA11 provides better yield than 

yeast. ANOVA used for ethanol and carbon dioxide concentration. Temperature plays always 

crucial role in the SSF process. Saccharomyces cerevisiae CA11 has potential for ethanol 

production. (Ruiz et al., 2011). 

 

Pretreatment process for ethanol production the other factors like temperature, substrate 

concentration, enzyme concentration and the final product accumulated depends upon he 

optimized condition of SSF. For pretreatment sample was treated with 1.0% (w/w) H2SO4  for 

time 12 hour at room temperature. Saccharomyces cerevisiae AS2.1 were used and yeast was 

developed at 30 °C at 100 rpm with rotatory shaking water bath for 24 hours and culture 

concentration was noted to 2.4 ×10
8 

yeast cells per ml. Concentration of reducing sugar was 

determined by reagent 3,5-dinitrosalicylic acid(DNS). Total water-soluble hemicellulose 

content was resulted by phenol-sulfuric acid and ethanol content through gas chromatography. 
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SSF temperature optimized condition resulted as decrease in temperature 30 °C accordingly 

decrease in ethanol yield and concentration and also decrease in saccharification rate. Another 

case of increasing the temperature to 40 °C resulted in decreased limited changes in ethanol 

concentration. SSF rate dependent upon hydrolysis rate and as saccharification pace of 

cellulose increased more with increment in enzymatic concentration and as inserting β- 

glucosidase in effect hydrolyzes prompt cellulose exerting inhibitory resulted in stimulation of 

cellulose enzyme to glucose and accumulation of sugar was avoided. Evidently 35°C recorded 

as for favorable reaction temperature and pH for yeast farming and cellulose activity is 4.8 and 

5.0-5.5. (Luo et al., 2010). 

 

According to the study Pyrolysis method is used for pretreatment for the feedstock. 

Temperatures were given more than 300°C and cellulose were quickly decomposed and create 

gaseous products. By using this method 80-85% bioconversion of cellulose was resulted.  

Catalyst zinc chloride or sodium carbonate was used but at lower temperature. Other than this 

steam explosion an auto hydrolysis method is used with initiated temperature 160-120 °C for 

few minutes and leads to degradation of hemicellulose. 90% enzymatic hydrolysis was attained 

by steam explosion process. Recent researches evident that rate of lower temperature and longer 

flat time are additional favorable. One of the major advantages of steam explosion includes 

consumption of lower rate of energy along with no economic and environmental cost. 

Ammonia Fiber explosion is other method in which at high temperature and pressure 

lignocellulosic material are exposed to liquid ammonia helps in improvement in rate of 

saccharification. Acid hydrolysis, alkaline hydrolysis, oxidative delignification and enzymatic 

hydrolysis both types of microorganism can be used aerobic as well as anaerobic. For better 

saccharification mixture of β- glucosidase and Trichoderma reesei is used. In process of SSF 

mostly used microorganism are fungus Trichoderma reesei and yeast saccharomyces cerevisiae 

and favorable temperature is  38°C (Sun et al., 2010). 

 
 

Main hindrance for the bioethanol production is radical of lignocellulosic biomass, impotence 

of microorganism for fermentation of all presented sugars. Mixed consortium of Thermomyces 

lanuginosus SS-8 (Humicola lanuginose) imperfect fungus and Pichia stipites known as 
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xylose fermenting yeast belongs to genus Schefferomyces having clear colony with diameter 3 

to 5 µm. Simultaneous saccharification and fermentation Thermomyces lanuginosus was 

obtained at 50°C on yeast extract soluble starchy medium. Mixed culture was stored at 4°C 

and after 15 days both were fortify. Hydrolysis of sample was carried with Thermomyces 

lanuginosus and  substrate monosaccharide sugar was treated with HCL. Incubator Shaker at 

50°C for 72 h for saccharification and also estimation of hydrolysis. Fermentation by Pichia 

stipites produces pentose sugar which was inoculated with Yeast extract soluble starch and 

incubated at 28 °C and production rate analyzed after incubation of 72 h. (Shrivastava et 

al.,2014). 

 

Hammer mill method of pretreatment for obtaining less than 0.12 mm particles of wheat straw 

and used for further processes. Hexose yeast is used for fermenting glucose in the bioethanol 

production also the inoculation in YM broth at pH 6.0 consisting glucose (10 g/1), peptone (5 

g/1), Yeast extract (3 g/1), malt extract (3 g/1) and distilled water and incubated at 30 °C for 

48h. Wheat straw is pretreated with per chloric acid with ratio of 1:4 for 20 min at 100 °C and 

after cooling is filtered and used for hydrolysis. The residual sample is neutralized with KOH. 

Hydrolysis done with HClO4 for 40 min at 100 °C. HPLC used for measuring by products and 

sugars formed by hydrolysis. Saccharomyces cerevisiae used for the fermentation. Calculation 

of fermentation yield is done by formula: 

Fermentation yield =Practical yield ×100 

Theoretical yield 

Where, practical yield refers to that produce rate of ethanol and theoretical yield is amount of 

sugar is consumed. (Ali et al., 2012). 

Triticum durum grinded and pretreatment method wheat straw is treated with alkaline peroxide 

(H2O2, pH 11.5 and temperature 121 °C for 6 h). Fusarium oxysporum fungi is used for the 

fermentation Suspension culture with inoculum added to fermenter initially at pH 4.5 and 

maintained by using H2SO4 (0.1) 0r CaCO3 1 M slurry. 20 rpm is initial stirring rate. For 

estimation gas chromatography is used (Hossain et al., 2011). 

 

Wheat straw is biodegradable and mostly founded agriculture waste. Zymomonas mobilis and 
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Candida tropicalis mixed culture is used for the fermentation. Acid hydrolysis carried out with 

help of H2SO4 (4%v/v) at temperature 55 °C for 3 hour and after heating is done for 10 min at 

150°C. NaOH is used for the alkaline hydrolysis with various concentrations with equal ratio 

and incubated at two different temperature (35 °C and 55 °C) and result of hydrolysis measured 

by method dinitrosalicylic acid method. Different enzyme‟s combination is used for enzymatic 

hydrolysis as Xylanase, Pectinase and cellulose with standard concentration, incubation, pH, 

temperature. At 30 °C the inoculation of mixed culture (10% v/v) and samples recorded daily 

(Patle and Lal. 2007). 

Pretreatment is carried out by dilute acid method wheat straw is milled and then treated with 

H2SO4   in autoclave for 1 hour at 121 °C and maintained pH 5.0 with optimum concentration   

of NAOH the pretreatment is followed twice. Carboxymethyl cellulose and Xylanase activities 

both enzymes were assayed with their equal amount with acetate buffer at pH 5.0 and with 

proper solutions of diluted enzyme. After incubation for 30 min at 50 °C, the released sugars 

estimation is done by dinitrosalicylic acid. Enzymatic saccharification of pretreated wheat 

straw was done by shaking with slow speed at 45 °C with pH 5.0 with NaOH and additional 

dose of enzymes. Strain of recombinant E.coli used for the saccharification the production rate 

is high at the starting stage of fermentation (Saha et al.,2005). 

 

In order to increase the enzymatic digestibility pretreatment of wheat straw is performed. 

Thermal pretreatment of wheat straw is confined in two different streams one is solid fraction 

having cellulose (Hexose and glucose) and other is liquid mainly hemicellulose (pentose and 

xylose). By Saccharomyces cerevisiae hexose can be easily and effectively can be converted to 

bioethanol. In the hydrothermal pretreatment wheat straw three serial reactors are used 

primarly wheat straw sample is soaked at temperature 80 °C for 6 min.in second step that 

sample of wheat straw is heated for 15 min at 180 °C and final stage again heated for 3 min at 

190 °C that resulted in liquid fraction (cellulose and hemicellulose) known as hydrolysate. 

Saccharification and fermentation is done by Saccharomyces cerevisiae. HPLC is used for 

measuring the ethanol production and glucose yield is calculated by: 

Glucose yield fraction (%) = Free glucose after enzymatic ×100 

Total glucose fraction 



27 | P a g e  

 

 

By the formulae fraction of glucose yield can be calculated. (Kaparaju et al., 2009) 

 

 

Alkaline pretreatment is used for the removal of lignin so it become available for the enzymes 

than they will easily and efficiently allow yeast for glucose to ethanol conversion. Weight loss 

is evaluated with delignification. Hydrogen peroxide is used at various pHs and after short 

duration. Aspergillus Niger can also use for fermentation. Pre-treatment process effectively 

removes lignin. High performance liquid chromatography used for monitoring the ethanol 

production. The results indicate that ethanol can be made from the fruit biomass peel residue. 

Fermentation process should be optimized if required for the scale up of the bioethanol 

production ( Lalitha et al.,2011). 

  Immobilized and suspended formal Schefferomyces stipitis and Saccharomyces 

cerevisiae were castoff to translate pentose and hexose sugars for the production of ethanol. 

System like batch and continuous, Schefferomyces stipites and S. cerevisiae co-culture 

performance was better than S. cerevisiae. Continuous production of bioethanol was 

performed in packed bed type immobilized cell reactor (ICR). In immobilized cell 

recator, Schefferomyces stipitis cells were create to be more subtle to oxygen application and 

other probable mass transfer confines as compared to S. cerevisiae. Usage of co-immobilized 

Schefferomyces stipitis and S. cerevisiae caused in concentrated xylose depletion (73.92%) and 

41.68 g/L day ethanol was produced at hydraulic retention time of 6 h with wheat straw 

hydrolysate. At hydraulic retention time of 0.75 h, the peak amount of bioethanol with the 

values of 356.21 and 235.43 g/L day was formed when artificial medium and wheat straw 

hydrolysate were used as feeding medium in immobilized cell reactor one-to-one.(Karagoz et 

al.,2014) 
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4. Rationale and scope of study: 

Wheat straw was used for the production of the bioethanol. The vital point of using 

wheat straw for production is that is waste or by product left after the processing of 

wheat for the different purpose use. Wheat straw is freely available and be used for the 

production of the bioethanol. In recent era petroleum prices are hiked day by day so it 

the best alternative that can be used as biofuel. The use of this biofuel is in the chemical 

industries as solvent, disinfectant and also in lotions.  

. 
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5. Objective of study: 

 Pretreatment of wheat straw using different techniques such as acidic and alkaline 

method. 

  DNS test for the analysis of pretreatment of wheat straw. 

 Enzymatic hydrolysis and fermentation of wheat straw by use of Trichoderma reesei and 

Saccharomyces cerevisiae respectively.  

 Use of free and immobilized yeast cell for fermentation of ethanol.  

 Distillation of the solution of the sample after fermentation. 

 Analysis of bioethanol using FTIR and by Gas chromatography 

 To study the effect of immobilized yeast cells i.e. is Saccharomyces cerevisiae on the rate 

of ethanol fermentation as compare to the free yeast cells. 
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6. Research Methodology 

 

There are main three processes are to be carried out for the production of the bioethanol those 

are pretreatment, hydrolysis and fermentation. 

Wheat straw was collected from nearby plantations of the region.  

6.1 Pretreatment: The main objective is to remove lignin of wheat straw. 

6.1.1 Mechanical method: Used for the size reduction of the sample through the grinding. The 

biomass composition was analyzed before pretreatment.  

 

Figure 3 After applying physical method on wheat straw. 

 

6.1.2 Physical (heat) method: 5g dry wheat straw and 95ml distilled water was mixed in 250 

ml flask. Physical method of pretreatment performed in autoclave at  temperature121 °C and 15 

psi for 30 minutes. Wheat straw was filtered and afterwards solid residue of sample was air 

dried and stored for further proceedings. 

6.1.3 Acidic pretreatment (H2SO4): As different concentration of H2SO4 1 %( v/v), 1.5 %( 

v/v) and 2 %( v/v) was used for acidic pretreatment of wheat straw. For all the concentrations 

5% solution of wheat straw was prepared and afterward all three solutions were autoclaved at 

121 °C and 15 psi for 30 minutes. Then solid residues was separated from liquid and washed 

until pH of 7 was obtained. Pretreated sample was dried and stored for further use. 
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6.1.4 Alkaline Pretreatment (NaOH): 1 %( w/v), 1.5 %( w/v), 2 %( w/v) concentrations of 

NaOH were used for alkaline pretreatment of wheat husk. 5% solution was prepared using 

wheat straw for all concentration, then both the solutions was autoclaved at 121 °C and 15 psi 

for 30 minutes. Then solid residues was separated from liquid and washed until pH of 7 was 

obtained. Pretreated sample was dried and stored for further use. 

6.2 Preparation of growth Medium: 

Trichoderma reesei growth broth that is Peptone yeast dextrose broth was prepared and pH of 

the broth was set at 4 and for Saccharomyces cerevisiae growth broth set at pH 5.5 then 

autoclave at 121°C and 15 psi for 30 minutes.  

 

Sr. No. Chemical  Amount 

1 Peptone 2gm 

2 Yeast extract 1gm 

3 Dextrose  1gm 

4 Distilled water  100ml 

Table 1. Composition of Peptone yeast dextrose broth. 

6.3 Preparation of Inoculum and Fermentation Procedure. 

Cotton plugged conical flask (250ml) was taken with 100ml of broth so to inoculate 

Trichoderma reesei. The ph. of this media is 4. Now the autoclaved media was inoculated with 

the strain of Trichoderma reesei. These flasks were kept on incubation at 25-26°C for 3-7 days, 

can be kept in either rotary shaker or in incubator without shaking.  

Trichoderma reesei was inoculated in Peptone Yeast Dextrose broth, incubation was given for 

24 hours at 28°C. After both the yeast and fungus were found well grown, then enzymatic 

hydrolysis along with fermentation was setup in co-culture manner. 
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6.4 Enzymatic Hydrolysis and fermentation: Defined Mandel‟s medium was prepared for 

the hydrolysis which was further followed by fermentation the composition of media is as 

follows:  

S. NO. Chemical Amount(gms) 

1 Urea 0.3 

2 Bactopeptone 1.0 

3 Yeast extract 0.25 

4 Diazanium Sulfate(NH4)2SO4) 1.4 

5 Potassium Dihydrogen Phosphate(KH2PO4) 2.0 

6 Calcium Chloride Dihydrate (CaCL2.2H2O) 0.4 

7 Magnesium Sulfate Heptahydrate(MgSO4.7H2O) 0.15 

 Trace elements  

8 Iron(II) Sulfate Heptahydrate(FeSO4.7H2O) 0.15 

9 Manganese(II)Sulfate Monohydrate(MnSO4.H2O) 1.6 

10 Zinc Sulfate Heptahydrate (ZnSO4.7H2O) 1.4 

11 Cobalt(II) Chloride (CoCL2) 2.0 

Table 2. Chemical composition of the fermentation media, (Srivastava et al., 2014) 

For enzymatic hydrolysis, the pH of this media is adjusted 5.5 to 6.0 before autoclaving and 

then 5gm of chemically treated straw was added to 100 ml of fermentation media. After 

sterilization of media it was inoculated with the fungus culture with these flasks. Incubation of 

3-6 days was given at 28°C temperature. After 6 days the culture media was allowed to 

undergo the fermentation by inoculating it with the grown yeast at temperature of 28°C. Again 

the fermentation was performed for next 6 days in between the concentration of glucose was 

determined by the DNA test. 
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Figure 4.  Fermentation media added to the pretreated wheat straw with NaOH and 

inoculated with enzyme. 

 

 

Figure 5. Fermentation media added to the pretreated wheat straw with H2SO4 and 

inoculated with enzyme. 

6.5 Preparation of wheat straw sample for treatment with immobilized yeast cells. 

For SSF through immobilized Saccharomyces cervisae all the pretreatment methods such as 

mechanical method, physical method, acidic method, and alkaline pretreatment were 

performed. Then, Trichoderma reesei was inoculated with sample in fermentation media. The 

samples were kept at 28°C for 6 days after this fermentation immobilized yeast cells were 

inoculated. 
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6.5.1 Preparation of immobilized yeast cells. 

1. 2% calcium chloride (CaCl2) solution prepared and kept at 4°C for chilling. 

2. 2gm sodium alginate was dissolved in hot water with constant stirring on magnetic stirrer. 

3. 2gm free yeast cells were added to sodium alginate slurry with stirring for uniform 

dispersion. 

4. Drop wise added the slurry solution with yeast biomass into 2% chilled calcium chloride 

solution and stored at 4 °C. 

 

Figure 6: Immobilization of Saccharomyces cerevisiae for inoculation. 

6.5.2 Calculate the diameter of bead  

200 beads were taken in a measuring cylinder, drop wise added distilled water with pipette till 

the beads upper surface get merged into water. The volume of the water noted at the same time 

called „void volume‟. 

 Then the total volume was noted (i.e. volume of bead + distilled water). Then the volume of 

water was minsused from the total volume so we can get the total volume of the 200 beads. 

Then divided the total volume of the bead by 200 to get volume of an individual bead. With 

the help of formula for volume of a sphere, the radius of the bead was calculated and then 
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diameter was obtained by multiplying the radius by 2 because d=2r. 

 

V=4/3×π×R
3 

Where, 

V=volume of bead, R=Radius of bead 

6.5.3 Inoculation of immobilized Yeast cell 

After preparation of immobilized yeast cell (Saccharomyces cervisae). 30 beads were 

inoculated in the fermentation sample of wheat straw that was inoculated with Trichoderma 

reesei after 6 days. The sample was kept in the incubated at 28°C for 6 days. After the duration 

the distillations of the samples were performed.  

 

Figure 7. Inoculation of immobilized Saccharomyces cerevisiae after 6 Days. 

 

6.6 Analysis method:  

6.6.1 Dinitrosalicylic acid test: Estimation of reducing sugar content miller method was 

performed known as DNS test. Fresh DNS reagent was prepared in brown bottle because of its 

sensitivity to light. Dilutions for different concentration for standard graph were made using 

stock solution of glucose having pH 4. Dilutions were made each of 10ml with 0.2, 0.4, 0.6 0.8 

and 1ml then volume was made up to 2ml with distilled water. In each tube 1ml of DNS 

reagent was added and then kept in water bath at 90 °C for 5 minutes then after cooled at room 

temperature and 9 ml of distilled water added for 10ml. for making standard curve OD of all 

the dilutions was observed at 540nm in the spectrophotometer. For the sample 3ml of DNS 
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reagent was added to 3ml of sample. The test tubes were covered and kept in the water bath at 

90 °C for 5 minutes then red brown color appears. After that 1 ml of 40% potassium sodium 

tartrate (Rochelle salt) was added to stabilize the color. Then the test tube was allowed to cool 

down at room temperature then OD was taken 540 nm in the spectrophotometer. 

6.6.2 FTIR Analysis:  To analysis the amount of glucose or cellulose present in the pretreated 

sample FTIR spectroscopy was done. By the results in the graph it was confirmed the 

destruction of lignin and cellulose presence. 

6.6.3 Gas chromatography:  According to the graphs of the FTIR the sample was sent to the 

analysis for the ethanol content at Herbal health research consortium (HHRC), Amritsar. 
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7. Result and Discussion 

7.1 Preparation of substrate: Wheat husk was collected from the local milling center. For the 

further process the size reduction of wheat straw is done by grinding. 

7.2 Pretreatment:  

7.2.1 Physical pretreatment: After grinding, heat pretreatment was given to the sample. 

Autoclaving was done at 121 °C, 15 psi for 30 min. 

7.2.2 Standard curve of DNS test: 

 

Graph 1: Glucose standard curve. 

 

Figure 8 DNS reagent with sample for estimation of glucose. 
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Graph 2: Comparison of glucose concentration between acidic and alkaline pretreatment. 

 

 

 

Graph 3: Comparison of glucose concentration obtained after fermentation. 
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7.2.3 Dilute H2SO4 solution pretreatment for free yeast cell: 

S.NO Concentration(g/l) Concentration of Glucose (g/l) 

1 1% 0.44 

2 1.5% 0.64 

3 2% 0.83 

Table 3: Glucose concentration obtained for Acidic pretreatment (H2SO4) at 

different concentration. 

7.2.4 Dilute NaOH Solution pretreatment for free yeast cell : 

S.no  Concentration (g/l) Concentration of glucose (g/l) 

1 1% 0.54 

2 1.5% 0.71 

3 2% 0.87 

Table 4: Glucose concentration obtained for Alkaline pretreatment (NaOH) at 

different concentration. 

7.2.5 Dilute H2SO4 solution pretreatment after fermentation with free yeast cell. 

S.no  Concentration (g/l) Concentration of glucose (g/l) 

1 1% 0.35 

2 1.5% 0.2 

3 2% 0.15 

Table 5: Glucose concentration obtained for Acidic pretreatment (H2SO4) at 

different concentration after fermentation. 
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7.2.6 Dilute NaOH solution pretreatment after fermentation with free yeast cell. 

S.no  Concentration (g/l) Concentration of glucose (g/l) 

1 1% 0.42 

2 1.5% 0.26 

3 2% 0.19 

Table 6: Glucose concentration obtained for alkaline pretreatment (NaOH)) at 

different concentration after fermentation. 

 

 

 

Graph 4. Comparison of glucose concentration between acidic and alkaline pretreatment 

for immobilized cell. 
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Graph 5: Comparison of glucose concentration after fermentation with immobilized cell. 

7.2.7 Dilute H2SO4  solution pretreatment of immobilized yeast cell: 

S.NO Concentration(g/l) Concentration of Glucose (g/l) 

1 1% 0.43 

2 1.5% 0.63 

3 2% 0.91 

Table 7: Glucose concentration obtained for Acidic pretreatment (H2SO4) at 

different concentration of immobilized yeast cell. 

7.2.8 Dilute NaOH Solution pretreatment immobilized yeast cell : 

S.no  Concentration (g/l) Concentration of glucose (g/l) 

1 1% 0.52 

2 1.5% 0.77 

3 2% 0.82 

Table 8: Glucose concentration obtained for Alkaline pretreatment (NaOH) at 

different concentration of immobilized yeast cell. 
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7.2.9 Dilute H2SO4 solution pretreatment after fermentation of immobilized yeast cell. 

S.no  Concentration (g/l) Concentration of glucose (g/l) 

1 1% 0.37 

2 1.5% 0.21 

3 2% 0.17 

Table 9: Glucose concentration obtained for Acidic pretreatment (H2SO4) at 

different concentration after fermentation of immobilized yeast cell. 

 

7.2.10 Dilute NaOH solution pretreatment after fermentation of immobilized yeast cell. 

S.no  Concentration (g/l) Concentration of glucose (g/l) 

1 1% 0.44 

2 1.5% 0.26 

333   3 2% 0.19 

Table 10: Glucose concentration obtained for alkaline pretreatment (NaOH)) at 

different concentration after fermentation of immobilized yeast cell. 
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7.3 FTIR analysis: 

For checking of presence of cellulose or glucose content the FTIR spectroscopy was 

performed for the pretreated sample. The result shows the cellulosic content and removal of 

the lignin. 

 

7.3.1 FTIR results: 

 

Graph 6: FTIR results for the untreated wheat straw sample. 

According to Salmen et al., ( 2012) 1506 cm
-1 

is the IR range for the aromatic ring which is the 

characteristic of the lignin. Untreated wheat straw   range was founded at 1510.31 cm
-1 

for 

lignin
 
and for cellulose the range fall around 1161.19 cm

-1.
   

 

Weak negligible lignin 

Cellulose peak 
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Graph 7:  FTIR result after pretreatment of wheat straw with H2SO4. 

 

In case of pretreated sample with the H2SO4 wheat husk has the weak or negligible peak for 

lignin was observed whereas peaks of IR range for cellulose were seen in all three different 

concentration of sulphuric acid used for the pretreatment of  wheat straw. In case of 2%   

H2SO4 peaks were obtained at 1162.15 for the cellulose as similar to paper Bodirlau et 

al.,2007. 

Cellulose peak 

Weak lignin peak 
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Graph 8. FTIR result after pretreatment of wheat straw with NaOH. 

 

Analysis was done for the sample treated with NaOH wheat straw sample to obtain 

cellulosic and glucose peak where no lignin was observed. Range for the cellulose peak falls 

in 1457.27 cm
-1

.glucose peak range is 1112.98 cm
-1

.the findings match with the Bodirlau et 

al., 2007.  
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7.4 Filtration and distillation 

Fermentation was done by filtration and distillation was done at 78.37 degrees, this is the boiling 

temperature for the ethanol, so at this temperature ethanol gets separated out from the solution. 

 

7.5 Gas chromatography result: 

For the ethanol analysis gas chromatography was performed. The sample was sent to the 

HHRC lab Amritsar for the analysis. (Hossain et al., 2011). 

 

 

 

 

 

 

 

Figure 9  Distillation apparatus. 
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7.5.1 Gas chromatography result of sample treated with free Yeast cell. 

GC results sample treated with 2% H2SO4and inoculated with free yeast cell. 

 

Graph9. Gas chromatography graph showing the peak for ethanol, in the sample treated 

with 2% H2SO4 sample free yeast cell. 

 GC result for sample treated with 2% NaOH with free yeast cell. 

 

 Graph10. Gas chromatography graph showing the peak for ethanol, in the sample treated 

with 2% NaOH sample free yeast cell. 
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7.5.2 Gas chromatography result of sample treated with immobilized Yeast cell. 

GC results sample treated with 2% H2SO4 and inoculated with immobilized yeast cell. 

 

Graph11. Gas chromatography graph showing the peak for ethanol, in the sample treated 

with 2% H2SO4 sample immobilized yeast cell. 

 

 GC result for sample treated with 2% NaOH with immobilized yeast cell. 

 

 Graph12. Gas chromatography graph showing the peak for ethanol, in the sample treated 

with 2% NaOH sample immobilized yeast cell. 
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7.6 Ethanol concentration   

 

Table 11. Analysis of GC showing available concentration of ethanol. 

 

According to the results obtained after Gas chromatography, it was found that highest amount of 

ethanol was produced in the wheat straw sample which was treated with 2%  NaOH tested with 

free yeast cell, which was found as 0.27965(v/v). For other sample like  2% h2so4 free yeast cell 

found was 0.222955165(v/v). Among both sample treated with the immobilized yeast cell   2% 

NaOH Immobilized yeast cell was found 0.167716654(v/v). 

 

 

 

 

 

 

 

 

 

 

 

 Sample Area of test Vol of sample 

 

%Ethanol(v/v) 

Purity of 

standard 

 2%NaOH 

Immobilized yeast 

cell 914214 100 

 

0.167716654 

99.5 

  2%h2so4 

Immobilized yeast 

cell 815453 100 

 

0.149598506 

99.5 

2%h2so4 free yeast 

cell 1215316 100 

 

0.222955165 

99.5 

 2%NaOH free yeast 

cell 1524365 100 

 

0.279651589 

99.5 
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CHAPTER 8 

CONCULSION AND FUTURE SCOPE 
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Biofuel substitute bioethanol has achieved reputation in recent time due to number of profit such 

as reduces emanation of pollutants, it is economically feasible and reduces the dependency 

nonrenewable resources. The project aims for the successful pretreatment of wheat straw and 

bioethanol production using SSF through free and immobilized saccharomyces cerevisiae. For 

production of bioethanol different pre-treatment methods has been described. Wheat straw is 

lignocellulosic biomass consisting of lignin, cellulose and hemicellulose. During the production 

of bioethanol lignin contribute as the inhibitor because lignin belongs to complex organic 

polymer and chemically, lignin referred as polymer of phenolic so pre-treatment process is 

performed so that further process can be performed easily.  

The process as physical, chemical, biological pre-treatment is used. Cellulose and hemicellulose 

were saccharified for fermentation which leads to the production of bioethanol. For pretreatment 

alkaline method (NaOH) was more efficient than acidic method .Co-culture technique with free 

yeast cell and immobilized yeast cell among both the treatment free yeast cell give highest 

results by gas chromatography was  2% NaOH  that was treated with the free yeast cell 

0.2796(v/v) . 
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1. Composition of Peptone yeast dextrose broth. 

Sr. No. Chemical  Amount 

1 Peptone 2gm 

2 Yeast extract 1gm 

3 Dextrose  1gm 

4 Distilled water  100ml 

 

2. Chemical composition of the fermentation media, (Srivastava et al., 2014) 

S. NO. Chemical Amount(gms) 

1 Urea 0.3 

2 Bactopeptone 1.0 

3 Yeast extract 0.25 

4 Diazanium Sulfate(NH4)2SO4) 1.4 

5 Potassium Dihydrogen Phosphate(KH2PO4) 2.0 

6 Calcium Chloride Dihydrate (CaCL2.2H2O) 0.4 

7 Magnesium Sulfate Heptahydrate(MgSO4.7H2O) 0.15 

 Trace elements  

8 Iron(II) Sulfate Heptahydrate(FeSO4.7H2O) 0.15 

9 Manganese(II)Sulfate Monohydrate(MnSO4.H2O) 1.6 

10 Zinc Sulfate Heptahydrate (ZnSO4.7H2O) 1.4 

11 Cobalt(II) Chloride (CoCL2) 2.0 
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