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Abstract  

Bioethanol (Alcohol) obtained from different types of plants rich in cellulose such as sugar cane, 

sugar beet etc as well as corn and similar other crops. Whereas this type of vegetable biomass can be 

cultivated directly for purposes of production of bioethanol (biofuels). An experiment was designed to 

assess various biomass potential for production of bio ethanol by using optimized fermentation con-

ditions. The pretreatment step's goal is to reduce the amount of inhibitors present and increase the 

amount of carbohydrate surface area accessible for enzymatic scarification. Carbon dioxide emis-

sions from engine fleets can be decreased by using biofuels. The typical method for producing 

bioethanol is by the microbial fermentation of sugars for example C6H12O6 into C2H5OH. Cereal 

grains, sugar cane, and sugar beets are examples of traditional feed stocks (for example, first-gen-

eration feedstock). However, 2ND generation and 3RDgeneration biomass have been researched due 

to worries about the sustainability of food.  
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1: Introduction  

Due to economic as well as environmental prob-

lems the transportations fuels and industrial 

chemicals are facing multiple challenges: re-

ducing their dependence on petroleum re-

sources with cost competitive solutions and 

addressing today’s environmental concerns – 

sustainability and lower greenhouse gas emis-

sions (Akansha and Rakesh 2023). 

To convert more complex organic compounds 

into simpler ones, fermentation is a naturally 

occurring process. Pretreatment procedures are 

necessary to get biomass ready for extraction 

and fermentation before alcoholic fermenta-

tion. Simple’s sugars produces by enzymatic 

breakdown. In subsequent metabolic activities 

that can take place with oxygen or without ox-

ygen, yeast transforms the simple sugars into 

ethanol, CO2, and other byproducts. For in-

stance, during glycolysis, two molecules of py-

ruvate are created from one molecule of glu-

cose. The two pyruvic acid molecules are sub-

sequently broken down into 2 ethanol and 2 

carbon dioxide molecules.(Huang et al., 2015) 

Pyruvic acid change into acetaldehyde and re-

lease carbon dioxide when it is processed with-

out oxygen. Acetaldehyde can then be con-

verted to ethanol in a subsequent step by alco-

hol dehydrogenase.(Malakar et al., 2020) 

Food crops, such as wheat, corn, potatoes, 

beets, and sugarcane, have been employed in 

generally fermentation of alcohol as feed-

stocks because they are main origin of the 

readily available starch and sugar needed for 

fermentation. But there has been growing 

worry about fuel generation from food crops as 

the world's population rises and the amount of 

arable land remains constrained.(Tse et al., 

2021) 

A huge variety of biomass raw materials may 

now be used to make ethanol, thanks to ad-

vances in ethanol production technology. A 

new generation of fermentation technology is 

frequently defined as one which enables the 

synthesis of bio-ethanol from an earlier unex-

https://www.sciencedirect.com/author/57196152080/rakesh-kumar-sharma
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plored biomass resource. Additionally, strate-

gies for biomass generation are categorized ac-

cording to elements affecting the fermentation 

environment. (Tse et al., 2021)Fermentation 

technology is categorized based on the amount 

of water and sugar present in the fermentation 

medium and whether batch or continuous 

methods are utilized. To increase ethanol pro-

duction, additional methods can be used with 

the fermentation medium. The interrelated 

problems of global warming, dependency on 

fossil fuels, and food and energy security are 

foremost among the numerous difficulties that 

the modern world faces. Energy consumption 

rises as a result of population increase and ex-

panding industrialization, yet traditional fossil 

fuels, especially petroleum, are limited re-

sources that release greenhouse gases (GHG) 

when burned. In order to fulfil the world's fu-

ture energy demands, sustainable and ecologi-

cally friendly energy sources are necessary 

(Chaudhary et al., 2017; Zhou et al., 2012). 

Researchers, business partners, and govern-

ments are consequently very interested in bio-

fuels, namely cellulosic bio-ethanol, butanol, 

and biodiesel. (Demain et al., 2005; Hill et al., 

2006) Particularly, bio-ethanol is seen as a 

possible drop-in fuel that might serve as a sub-

stitute for gasoline in the transportation indus-

try. 

2. Material And Methods 

2.1: Collection of Agricultural Substrates  

A wide variety of samples, including wheat, 

rice, and cotton straws, in addition to corn 

stover wastes, were gathered from a variety of 

locations around the Punjab. After being dried 

and crushed, the samples were put through a 

sieve with a typical size of 40 mesh. 

2.2: Analysis of Biomass Samples 

The percentages of moisture, ash, dry matter, 

crude protein, crude fiber, and crude fat, in ad-

dition to the samples' respective dry weights, 

were determined for each and every sample 

(AOAC, 1990). The amounts of cellulose, 

hemicellulose, and lignin were determined with 

the use of a standardized approach that has been 

described by a number of writers, including 

Scharf and Tartar (2008). The pretreatment 

procedure was carried out using H2SO4 and 

NaOH (at concentrations of 1%, 1.5%, and 2%) 

at a range of temperatures, including 100, 110, 

and 120 degrees Celsius, and for a variety of 

timeframes (15, 30, and 45 minutes). During 

the experiment, the solid sample that was in-

cluded in the reagent bottle contributed 10% 

(w/v). Following the completion of the pre-

treatment, the vacuum filtration assembly was 

used to filter the samples contained inside each 

bottle, and the contents of the bottles were then 

poured onto filter paper. Following the filter-

ing process, the solid was removed by washing 

it with 300 ml of distilled water in order to 

bring the pH level back to normal. The filter 

paper was then dried at 105 degrees Celsius 

and weighed. After undergoing a pretreatment 

of 5% weight-to-volume, the biomass samples 

were hydrolyzed with cellulase and -gluco-

sidases at a temperature of 50 °C and a rota-

tional speed of 160 rpm for 72 hours in a water 

bath shaker containing 0.05 M buffer (sodium 

citrate) at 4.8 pH. Chloromphenicol (100 g/ml) 

and ampicilin (100 enzymes derived from T. 

Novozyme A/S, located in Bagsvaerd, Den-

mark, has provided reesei, cellobiase from As-

pergillus niger and Novozyme 188. This en-

zyme has an activity of (30FPU g-1). In order 

to find out how much sugar was present, sam-

ples were taken out of the reagent bottle at reg-

ular intervals of 12 hours (Shields and Cathcart, 

2010). 

Acid protease is a protein-digesting enzyme 

that has its highest level of activity and stabil-

ity in acidic environments (pH 2.0–5.0) and 

becomes inactive at pH values that are more 

than 6.0. Following the completion of the en-

zymatic hydrolysis, either H2SO4 (l) or NaOH 

was added. The sample that had a greater quan-

tity of sugar that had been released was chosen 

for the fermentation process, and the solid bio-

mass was kept at a temperature of 4 degrees 

Celsius. 

After adding the crude enzymes obtained from 

various bacterial species, the ratio of substrate 

to enzyme was adjusted to be 1:1, and the mix-

ture was then heated to 50 degrees Celsius for 

a period of three days. In order to evaluate the 

specific enzymatic performance of each en-

zyme, we tested a distinct reaction mixture af-

ter adding each enzyme separately. Also, both 

enzymes were mixed together at a ratio of 1:1 
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in order to test the combined impact of the en-

zymes, and the sugar contents were analyzed 

after the scarification process (Tokud and 

Watanabe, 2007). 

At a temperature of four degrees Celsius, a 

strain of Saccharomyces cerevisiae was kept 

alive on an agar medium consisting of YPD 

(yeast extract 1% (w/v), peptone 2% (w/v), and 

glucose 2% (w/v)). According to Alfenore et 

al., yeast cells were cultured in a 5-mL tube of 

YPD medium that included 0.9% (w/v) of so-

dium chloride while being shaken at 100 revo-

lutions per minute on a rotary shaker at a tem-

perature of 30 degrees Celsius. 

3. Results and Discussion 

Results regarding this experiment are given in 

following sections utilizing C allowed for the 

successful completion of the fermentation ex-

periment. Thermos cellum was grown in a me-

dium containing glucose yeast extract for 

forty-eight hours, and then 10% of the result-

ing inoculum was added to a fermentation me-

dium containing a solution that had been sac-

charified previously. This mixture was then 

stored at room temperature for three days. The 

fermentation experiment was carried out at a 

temperature of five hundred degrees Celsius 

with a rotational speed of one hundred twenty 

revolutions per minute. Following the conclu-

sion of the fermentation reaction, the obtained 

mixture comprised of methanol, butanol, etha-

nol, and acetone was subjected to a fractional 

distillation process, which was carried out in a 

fractional distillation apparatus on the basis of 

the boiling points of the respective solvents. 

After treatment with enzymes cellulase and 

acid protease, it was shown that a greater quan-

tity of sugar could be extracted from wheat 

straw. There was no mention made of the fact 

that the quantity of sugar released by any of the 

chemical treatments depended on the natural 

substrates that are utilized for the analysis. All 

of the agricultural and urban waste substrates 

that were used for the research had a sufficient 

quantity of sugars (Tables 2-3). Which is a use-

ful predictor for the manufacture of ethanol on 

commercial scales, and findings very compa-

rable to these have also been reported by (Zhao 

et al 2012) 

When it was subjected to a treatment with a di-

lute acid concentration for a period of 30 

minutes, during which time the temperature of 

the reaction was kept at 110 degrees Celsius, 

the solid portion of the samples produced a 

greater amount of glucose. During the pretreat-

ment process, increasing the temperature to a 

moderate level while increasing the acid con-

centration was shown to have a vital function 

in increasing the amount of glucose present. A 

discovery that is comparable about the acid hy-

drolysis of orange peel at a low temperature 

was reported by Talo et al (2014). 

The performance of celllases was actually en-

hanced (due to the absence of cellubioses), 

which resulted in higher sugar recovery after 

enzymatic hydrolysis (Yoon et al., 2007). The 

reason behind higher saccharification (80.54%) 

was achieved as there was no accumulation of 

sugar like cellobiose occurred although cello-

biose was available in reaction mixture (Wil-

liams, 2009). The saccharification process of 

various biomass samples was carried out a 

number of times. The findings suggest that 

wheat straw is the most effective in releasing 

glucose, followed by rice straw, maize, cotton 

straws, and peel wastes (table 2-3). This sugar, 

after it has been liberated, may then be used 

further in fermentation research. 

However, up to a specific time limit, the con-

centration of ethanol increased while the glu-

cose concentration decreased as the time pe-

riod progressed (Tables 1-2). Nevertheless, the 

glucose content was insufficient to keep the 

ethanol synthesis going after 72 hours. Com-

paring the cellulose and lignin contents of co-

gon grass to those of Peel wastes revealed that 

the former is a more favorable option for the 

generation of ethanol than the latter because to 

its higher cellulosic concentration 

3.1: Spectrophotometric analysis and Com-

parison of sugar production in three agro 

waste samples 

After 72 hours of enzymatic hydrolysis, wheat 

straw consistently produced higher yields of 

glucose than any other material in all of the stud-

ies (Table 4). During the course of the experi-

ment, it was discovered that elevating the con-

centration of H2SO4 from 0.5 to 1.5% resulted 

in an increase in the total quantity of sugar. A 
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larger yield of glucose was also reported at a 

retention duration of 20 minutes rather than 10 

and 15 minutes, which was the case in all of 

the studies. The optimal parameters for the 

acidic pretreatment of wheat straw were deter-

mined to be 120 degrees Celsius, a retention 

duration of 20 minutes, and 1.5% sulphuric 

acid. At this concentration, the amount of glu-

cose present was at its highest point. During 

the alkaline pretreatment conditions, the glu-

cose yield was improved by raising the temper-

ature, and the highest yield was reported when 

the temperature was 120 degrees Celsius. Dur-

ing this time, using a NaOH concentration of 

1.5% resulted in a significant yield of glucose 

being produced while maintaining the same 

temperature. Sugar yield was enhanced by pro-

longing the period of enzymatic hydrolysis 

from 0 to 48 hours, but sugar concentration 

was decreased when the time was raised fur-

ther to 72 hours. The drop in glucose concen-

tration was presumably related to the genera-

tion of inhibitors by greater acid concentra-

tions. Rice straw has shown higher glucose 

yield in acidic pretreatment conditions at 110 

0C, acid concentration (1.5%) and retention 

time 10 minutes was used. The optimum con-

dition used for rice straw analysis in the case 

of alkaline pretreatment was temperature (100 

0C), sodium hydroxide concentration (0.5%), 

and retention time (20 min). Following enzy-

matic hydrolysis for seventy-two hours, a 

higher yield was achieved. During the acidic 

pretreatment process, a high yield of glucose 

was produced at a temperature of 1200 degrees 

Celsius and a concentration of 0.2 percent 

H2SO4. 

Table 1. Pretreatment with 1 % H2SO4 

 

 

 

 

Table 2. Pre-treatment with 1 % NaOH 

Temp 

(C) 

Time 

( min)  

Wheat 

Straw 

Rice  

Straw 

Cotton  

stalk         

Corn stover 

105 10 10.9± 0.3 7.8 ± 0.5 6.7 ± 0.8 14.9 ± 0.4 

15 11.2± 0.4 9.8 ± 0.4 9.2 ± 0.5 13.2 ± 0.7 

20 11.5± 0.8 7.5 ± 1.5 8.8 ± 0.6 15.1 ± 0.7 

115 10 8.6± 0.5 11.5 ± 0.4 10.3 ± 0.5 11.8 ± 0.5 

15 6.9± 0.2 11.8 ± 0.3 11.7 ± 0.3 13.9 ± 0.4 

20 8.1± 0,7 9.5 ± 0.1 9.8 ± 0.1 10.8 ± 0.7 

Chemical treatment of biomass samples for sugar. Mean ± ST 

Table 3. Products obtained after fermentation process 

Substrate Total conc. 

(g/L) 
Total theoret-

ical yield of 

ethanol (g/L) 

Actual yield 

of ethanol 

(g/L) 

Fermentation 

Efficiency 

(%) 

Wheat straw 22.7 11.7 11.3 93.4 

Rice straw 16.8 9.6 10.6 81.8 

Corn stover 15.5 7.8 9.5 92.5 

Cotton stalk 19.6 10.8 9.7 91.5 

Chemical treatment of biomass samples for sugar. Mean ± ST 

Temp 

(C) 

Time 

( min)  

Wheat 

Straw 

Rice  

Straw 

Cotton  

stalk  

Corn 

stover 

105 10 11.9± 0.3 7.8 ± 0.5 6.7 ± 0.8 14.9 ± 0.4 

15 11.8± 0.4 9.8 ± 0.4 9.2 ± 0.5 15.2 ± 0.7 

20 11.5± 0.8 8.5 ± 1.5 9.8 ± 0.6 15.1 ± 0.7 

115 10 8.6± 0.5 11.5 ± 0.4 10.3 ± 0.5 13.8 ± 0.5 

15 7.9± 0.2 12.8 ± 0.3 11.7 ± 0.3 13.9 ± 0.4 

20 8.1± 0,7 9.5 ± 0.1 9.8 ± 0.1 10.8 ± 0.7 
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When the bacteria are cultivated in the liquid 

substrate or submerged in the liquid, the pro-

cess is referred to as submerged fermentation 

(Table 3).. As pulverized carbohydrate rich 

materials mixed with water and melt by heat-

ing and then breakdown by enzymes, this kind 

of fermentation is frequently utilized in the 

synthesis of 1stgeneration ethanol ( Sadh et al. 

2018). As a result, a liquid medium is created 

in which different nutrients and carbohydrates 

are suspended as particle solids or dissolved. 

Since submerged fermentation may swiftly 

produce a large output of bioactive metabolites, 

it is used in various bio-industrial processes, 

such as enzyme manufacturing. Unfortunately, 

there may be drawbacks to this process, such 

as the need for energy and water inputs, the 

need for high-volume of bioreactors. Fortu-

nately, the extra thin stillage from the waste 

by-product wet distillers' grains can be re-

moved using centrifugation. The thin stillage 

can then be dried to distillers' soluble with a 

minor amount of efficiency, and the solids may 

then be dried to distillers' dried grain. Three 

products that are utilized as feed components 

result from these drying procedures are distill-

ers' soluble, distillers' dried grains, and distill-

ers' dried grain with soluble. Thin stillage can 

also be given to calves in neighboring feed lots 

as a water alternative, or it can be further pro-

cessed fermentation by microbes to provide a 

high-quality protein feed. The transformation 

of low-value glycerol into the more valuable 

molecule 1,3-propanediol is one advantage of 

the latter method (Ratanapariyanuch et al. 

2017; Tse et al. 2020). 

Yeast is defined as a basidiomycetous or asco-

mycetous fungus that produces spores that are 

not enveloped in the fruiting body and repro-

duces by fission or budding (Kurtzman, 1996). 

The majority of yeasts are capable of glycolyz-

ing a variety of hexose carbohydrates into eth-

anol. However, due to its durability and toler-

ance, Saccharomyces cerevisiae is perhaps the 

most popular yeast strain for the process alco-

holic fermentation. As a facultative anaerobe 

that can thrive in both aerobic and anaerobic 

environments while being supplied with glu-

cose, S. cerevisiae has various improvements 

over other yeasts strains (Marcus Krantz, 2004) 

(P. A. M. Claassen, 1999). In anaerobiotic 

states, S. cerevisiae will start to yield acetalde-

hyde, which further reduces ethanol produc-

tion (P. A. M. Claassen, 1999). The basis for 

the generation of bioethanol without resorting 

to the final oxidation products, CO2, is the ca-

pacity of yeasts to catabolize six-carbon com-

pounds (Siti Hajar Mohd Azhar, 2017). Alco-

hol dehydrogenase (EC 1.1.1.1), which is reli-

ant upon bioethanol, is generated by the di-

auxic shift and alcoholic fermentation diges-

tion, which is finally regulated by the ADH1 

site. ADH1 catalyzes the fermentation of glu-

cose, which results in the formation of ethanol 

and the reduction of acetaldehyde. In a similar 

manner, the reverse reaction can also be cata-

lyzed, though with less catalytic efficiency: the 

conversion of ethanol to acetaldehyde (Siti 

Hajar Mohd Azhar, 2017). 

3.2 Yeast Stress 

Various stressors, comprising of biological, 

chemical (toxicity from ethanol along with its 

byproducts, pH), and physical stressors (e.g., 

heat shock, osmotic tension) are applied to 

saccharomyces cerevisiae during inoculation 

and fermentation. These stress factors have the 

potential to reduce bioethanol production 

(Graeme M.Walker, 2020). Stress can cause a 

rise in mutations, contamination due to mi-

crobes, changed yeast flocculation, increase in 

the production of glycerol, reduced production 

of ethanol, and development of undesirable 

chemicals (such as taste and aromatic compo-

sites in fermented drinks) (Jonathan ACray, 

2015) (Quinten Deparis, 2017). 

The concentration of substrate ranging from 20 

and 300 kg m-3 has an impact on the genera-

tion of ethanol. As seen in Figure 2, larger sub-

strate concentrations can result in more pro-

duction of bioethanol, however at tempera-

tures of 30 C and higher starting glucose level 

over 80 kg m-3, a lengthier incubation period 

was needed. Additionally, whenever the pH 

value was not adjusted, larger initial levels of 

glucose, such as 300 kg m-3, may well have 

affected the productivity of ethanol conversion 

because the greater substrate and production 

concentration levels may have hindered the 

operation of bioethanol production (Yan Lin, 

2012). 
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After incubation for 48 and 72 hours at 30 C, 

Figure 3 demonstrates, the distinct ethanol pro-

duction levels and ethanol conversion efficien-

cies at a variety of starting glucose concentra-

tion. The information shown above shows that 

a greater starting glucose content may result in 

a lower conversion efficiency of ethanol. After 

72 hours of incubation, the highest rates of glu-

cose conversion were noted to be 48.0 percent, 

59.9 percent, 28.3 percent, 13.7 percent, and 

3.7 percent at glucose concentrations of 20, 40, 

80, 160, and 300 kg/m-3, correspondingly. 

When the pH value was not adjusted, addition 

of more substrate did not increase the particu-

lar ethanol manufacturing capacity. 

Optimizing a number of factors can result in 

better bioethanol production efficiency. pH is 

a significant element that influences ethanol 

fermentation along with temperature and sub-

strate concentration (Kaja Kasemets, 2007). In 

order to quantify the efficiency of the capacity 

to produce ethanol with variations in PH, vari-

ations in ethanol and VFAs were exam-

ined.  In an anaerobic jar fermenter, this was 

tested at PHs 3.0, 4.0, 5.0, 5.5, and 6.0. 

The findings of the batch test performed to 

look into how pH affects production of ethanol 

are shown in fig. 6. The incubation period for 

the highest ethanol concentration was length-

ened when the pH was less than 4.0, although 

the highest concentration was not very low. 

The amount of ethanol generated reduced sig-

nificantly as the PH level was greater than 5.0. 

As a result, the operating limit for the anaero-

bic ethanol generation process may be thought 

of as a pH range of 4.0-5.0. 

With an ethanol energy conversion of 61.93 

percent, pH 5.0 produced the greatest particu-

lar ethanol manufacture rate of all of the batch 

trials, which is 410 g kg-1h-1 of SS. At pH 4.0, 

the specific ethanol production rate was 310 g 

kg-1h-1 of SS, which is not materially inferior 

than the figure at pH 5.0. Thus, pH 4.0 may be 

thought as the functioning limit for the ethanol 

manufacture procedure while taking into ac-

count the chemical required for pH correction 

(Yan Lin, 2012). 

A reduced fermentation period results in insuf-

ficient microbial development, which ulti-

mately results in an ineffective production. As 

a consequence of rising concentration of etha-

nol in the fermented broth, longer fermentation 

times have a harmful impact on microbial de-

velopment, particularly when done in batch 

process.  

While studying sweet sorghum, Nadir et al. (N. 

Nadir, 2009) found that ethanol concentrations 

peaked at 40.11 g/L after 64 hours of fermen-

tation before falling to 37.24 g/L after 72 hours. 

Even though the ethanol production is lowest 

at lower temperatures, fermentation takes 

longer to finish. For instance, when fermenta-

tion was carried out at 15° C, only 44.0% of 

sugar was consumed in more than 240 hours, 

yielding the lowest amount of ethanol (A. M. 

Jones, 1994). 

Bioethanol derived from sustainable feedstock 

is a profitable and environmentally benign 

substitute for non-renewable hydrocarbons as 

the world's demand for energy rises. However, 

lignocellulosic inedible biomass (second-gen-

eration bioethanol) and algal resources (third-

generation bioethanol) are grow into more and 

more appealing feedstocks for bioethanol pro-

duction as concerns about the world's food 

supply rise. The refractory lignocellulosic 

structure and algal cell wall must be disrupted 

by pretreatment conditions in order to make 

the fermentable glucose available in second- 

and third-generation feedstock. The feedstock, 

cultivar, and organism employed all have an 

impact on fermentation productivity and bio-

ethanol production. To achieve the best rate 

and extent of fermentation, biotic (like micro-

bial contamination) and abiotic (such nutri-

tional, trace metal, and vitamin shortages) as-

pects must also be taken into consideration. 

Yeast fermentation techniques, such as fed-

batch and continuous fermentation, can be 

used to solve some of these issues and assist 

reduce yeast stress. Additionally, supplemen-

tary additives and adaptive reactions can boost 

yeast organisms' resistance to stress (such as 

heat shock and ethanol shock) and enhance fer-

mentation efficiency. In order to choose a feed-

stock option, commercial bioethanol manufac-

turers should consider the necessary pretreat-

ment parameters, take into account the various 

fermentation technical designs, and identify 

any potential fermentation-related difficulties. 

These actions improve fermentation efficiency 

and raise ethanol output when combined. To 
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explore the viability and financial effects for 

the integration of these technologies in the up-

coming manufacture of bioethanol, particu-

larly in examining and encouraging the use of 

third-generation biofuels, techno economic 

considerations should also be assessed. The 

country ‘s energy demand  is expected to in-

crease three fold by 2050, but supply position 

is not inspiring. Due to similar situation renew-

able and sustainable energy resources are the 

best alternative of conventional fuels and en-

ergy sources 

CONCLUSIONS 

A sustainable and cost-effective route is the bi-

oconversion of lignocellulosicbiomass into al-

coholic fuels (butanol and ethanol). While ef-

forts must be made to further create more effi-

cient and cost-effective fermentation tech-

niques and have a firm grasp on the founda-

tions of the different pretreatment procedures. 

More efficient microbial strains are also 

needed to produce cost-effective detoxifica-

tion methods. The manufacturing cost might 

be reduced and the company could become 

more competitive if it integrated and optimized 

the process of lowering energy consumption 

and raising yields of alcoholic fuels from raw 

materials. 
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