www.ijcrt.org © 2021 IJCRT | Volume 9, Issue 5 May 2021 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

éb INTERNATIONAL JOURNAL OF CREATIVE
? RESEARCH THOUGHTS (1JCRT)
S

%a An International Open Access, Peer-reviewed, Refereed Journal

Pretreatment, Saccharification, and Bioethanol
Production from Cotton ginning and Paper wastes
by Saccharomyces Cerevisiae

Nidhi Patel
Student, Master of Philosophy (Microbiology)
Mehsana Urban Institute of Sciences, Ganpat University Kherva, Mehsana Gujarat

Dr. Gayatri Patel
Assistant Professor, Department of Microbiology
Mehsana Urban Institute of Sciences, Ganpat University Kherva, Mehsana Gujarat

ABSTRACT

Cotton wastes comprise lignin, hemicelluloses and cellulose, which can be utilized as sustainable for the production of
bioethanol. Cotton based lignocellulosic biomass requires specific pretreatment strategy to efficiently remove lignin and
to solubilize hemicelluloses, which increases the accessibility of hydrolytic enzymes during saccharification. Waste
paper, a major source of cellulosic biomass, could be utilized as a potential substrate for cellulase production. Different
pretreated waste papers were used as substrates for cellulase production. Trichoderma spp. is used for Bioethanol
production because of high metabolic activity in production of cellulase enzyme and hydrolysis of cellulose to glucose.
Bioethanol has been identified as the mostly used biofuel worldwide since it significantly contributes to the reduction of
crude oil consumption and environmental pollutions. Compared to other types of microorganisms, yeasts especially
saccharomyces cerevisiae is the common microbes employed in ethanol production due to its high ethanol productivity,
high ethanol tolerance and ability of fermenting wide range of sugar. The production of bio-ethanol by microbial
saccharification and fermentation process. The common process involves in ethanol production are pretreatment,
hydrolysis and fermentation. Productions of bio-ethanol during fermentation depend on several factors such as

temperature, pH, inoculum size, and sugar concentration.
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INTRODUCTION

Fuel ethanol production from lignocellulosic biomass is emerging as one of the most important technologies for
sustainable production of renewable transportation fuels. Most of the fuel ethanol produced in the world is currently
sourced from starchy biomass or sucrose (molasses or cane juice), but the technology for ethanol production from non-
food plant sources is being developed rapidly so that large-scale production will be a reality in the coming years [1].
Lignocellulose is the most abundant renewable biological resource, constitute a major portion of agricultural wastes and
forest wastes [2]. Lignocellulosic materials are cheap renewable resources available in large quantities [3].

The world population is estimated to increases from 6.7 billion to 8 billion by 2030 [4]. On the other hand, global
oil production is expected to decline from 25 billion barrels to 5 billion barrels by 2050 [5]. Thus the energy demand of
the future is likely to play a key role in geo-political economics. Given this reality, nations around the world are investing
in alternative sources of energy, including bioethanol. The leading nations in bioethanol production are Brazil and the
USA, and USA is the world’s largest producer of bioethanol. Asian countries altogether account for about 14% of world’s
bioethanol production [6]. Bioethanol is known as the most widely used biofuel in transportation sector and have a long
history as alternative fuels [7]. The steps involved in the production of bioethanol and chemicals from lignocellulosic
biomass consist of feedstock preparation, pretreatment, fractionation, enzymatic hydrolysis (saccharification),
fermentation, product recovery, and waste treatment [8].

Most of the previous studies have focused on utilizing office paper and newspaper as substrates [9]. Cardboard
is widely used as a packing material and is found in large quantities all over the globe. [10]. and the physical properties
of cardboard make it as a favorable candidate for biodegradation and bioproduction [11]. Huge quantity of cotton gin
waste is generated in cotton mills. The disposal of this waste environmental regulation is one of the biggest problems
faced by the cotton ginning industry worldwide [12]. Raw cotton processing generates cotton gin residue (CGR), which is
composed of immature bolls, cotton seed, hulls, burs, sticks, leaves, cotton lint, and dirt [13].

Microorganisms such as yeasts play an essential role in bioethanol production by fermenting a wide range of
sugars to ethanol. They are used in industrial plants due to valuable properties in ethanol yield, ethanol tolerance,
ethanol productivity, growth in simple, in expensive media and undiluted fermentation broth with resistance to
inhibitors and retard contaminants from growth condition [14]. As the main component in fermentation, yeasts affect

the amount of ethanol yield.
Cotton ginning wastes

About 218 kg of cotton fiber generates 68-91 kg of cotton gin trash (CGT) [15]. Worldwide production of this
waste is approximately 3.23 million tones per year [16]. The USA produces about 1.8 million tones of CGT, whereas an
average of 800 tones of cotton gin trash is produced by Texas in its 30 principal counties. With this large quantity of
wastes, the final disposal becomes a major problem to the cotton industry which becomes more critical during winter
and rainy seasons when insects use these residues as survival sites [17]. Availability is one of the most important factors
in feasibility of using any product for bioenergy production [18]. In this context, though abundance of cotton gin waste
throughout the world is a major problem of disposal, it’s a simultaneous solution for bioenergy production. Alternative
fuels produced from renewable resources, such as fuel ethanol, provide numerous benefits in terms of environmental

protection, economic development, and national energy security [19].
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3. Cardboard Wastes

The organic fraction of municipal solid waste contains lignocellulose in the form of waste paper products which
could be an adequate raw material produce value-added products [20]. In municipal solid waste, the major cellulosic
wastes are Paper, cardboard, wood, and agricultural residues and discarding these wastes in the landfills pollute the
environment and cause the emission of greenhouse gases [21]. Utilizing these paper wastes as a biomass resource for
microbial fermentations would be a better alternative way to solving this challenge. Waste paper could be utilized as a
potential carbon source for cellulase enzyme production as it consists of 40—80% cellulose [22]. Very few studies have

been carried out using cardboard as a resource [23]. Cardboard waste contains at least 50% of cellulose [10].

4. Yeasts

The production of bioethanol is founded on the ability of yeasts to catabolize six-carbon molecules such as
glucose into two carbon components, such as ethanol, without proceeding to the final oxidation product which is CO..
Crabtree positive yeasts such as S. cerevisiae accumulate ethanol in the presence of oxygen; however Candia albicans

which is crabtree-negative yeast catabolizes sugars into CO; in the presence of oxygen [24].
4.1 yeasts in bioethanol production

Yeast such as S. cerevisiae have been used in alcohol production especially in the brewery and wine industries. It
keeps the distillation cost low as it gives a high ethanol yield, a high productivity and high ethanol concentration [25].
Nowadays, yeasts are used to generate fuel ethanol from renewable energy sources [26].

S. cerevisiae is the most commonly employed yeast in industrial ethanol production as it tolerates a wide range
of pH [27]. Thus making the process less susceptible to infection. Yeast was traditionally used as a starter culture in
ethanol production due to its low cost and easy availability [28]. Flocculent yeasts were also used during biological
fermentation for ethanol production as it facilities downstream processing, allows operation at high cell density and
gives higher overall productivity [29, 30].

There are common challenges to yeasts during sugar fermentation which are rise in temperature (35-45°C) and
ethanol concentration (over 20%) [31]. Inability of S. cerevisiae to grow in media containing high level of alcohols lead to
the inhibition of ethanol production [32]. The other problems in bioethanol fermentation by yeast are the ability to
ferment hexoses but not pentoses [33]. The efficiency of ethanol production on an industrial scale will be increased by
using yeasts that are tolerant to inhibitors [31]. The common challenges of yeasts can be overcome by using ethanol
tolerant and thermotolerant yeasts. Ethanol-tolerant and thermotolerant strain which can resist stresses can be isolated
from natural resources such as soil, water, plants and animals. These are because cells adapt to their environment over
time by natural selection [34].

Genetically engineered S. cerevisiae and co-culture of two strains have been developed to produce bioethanol
from xylose with high yield [35]. Co-culture shows better ethanol production as compared to its pure culture [36]. Yeast
strains that have been used in bioethanol production are S. cerevisiae was most widely studied yeasts [37]. At the
optimum condition for sugar release, the levels of toxic degradation products exceed the critical level and made the

condition unsuitable for yeast fermentation.
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5. Process in bioethanol production

The process of ethanol production depends on the type of feed-stocks used. Generally, there are three major
steps in ethanol production: (1) obtaining solution that contains fermentable sugars, (2) converting sugars to ethanol by
fermentation and (3) ethanol separation and purification [38]. Feedstocks are usually pretreated in order to reduce its

size and facilitate subsequent processes. Yeast are given the responsibility to ferment these sugars into ethanol [39].

5.1 Pretreatment

Pretreatment has a significant effect on the overall process which makes the hydrolysis easier and produces
higher amount of fermentable sugars. And produce higher amount of ethanol yield and production cost [40]. Methods
that are currently used for pretreatments are physical, chemical, biological and physicochemical. Physical pretreatment
uses mechanical milling to ground the substrate. The common chemical pretreatment includes ozonolysis, acid
hydrolysis, and alkaline hydrolysis [41]. And organosoly based process [42]. Different fungal species are involved in
biological pretreatment while physicochemical pretreatment includes ammonia fiber explosion [43] and steam [44].
Yeast fermentation is inhibited by the week acid stress induced from lignocellulosic materials. However, the low
concentration of week acid stress induced from lignocellulosic materials. However the low concentration of week acid

can increase ethanol production by cellular division [45].

5.2 Hydrolysis

Hydrolysis process takes place after pretreatment to break down the feedstocks into fermentable sugar for
bioethanol production. The two most commonly used hydrolysis methods are acidic and enzymatic [46]. Acidic
hydrolysis can be divided into two types namely dilute and concentrated. Dilute acid hydrolysis is performed at higher
temperature using low acid concentration while concentrated acid hydrolysis is carried out at lower temperature using
high acid concentration. Concentrated acid process generates high sugar recovery (90%) in shorter period of time [47].

Enzymatic hydrolysis requires enzymes to hydrolyse the feedstocks into fermentable sugars. The activity of
cellulase enzyme is influenced by the concentration and source of enzyme. The efficiency of enzymatic hydrolysis is
influenced by optimized conditions such temperature, time, pH, enzyme loading and substrate concentration [48]. The
amount of fermentable sugar obtained increase as the enzyme load increases while cellulose load decreases. Enzymatic
saccharification of cellulose can be enhanced by using surfactants which function to block lignin. The efficiency of
cellulose hydrolysis can be improved by adding polyethylene glycol (PEG) or Tween 20 to increase enzymatic

saccharification and reduce the adsorption of cellulase on lignin [47].
5.3 SACCHARIFICATION AND FERMENTATION

The most successful method for ethanol production from lignocellulosic and cellulosic material is combination of
the enzymatic hydrolysis of pretreated sample and fermentation in one step, called simultaneous saccharification and
fermentation (SSF).

In this process, the glucose produced by the hydrolyzing enzyme which is consumed immediately by the
fermenting microorganism present in the culture. SSF gives higher reported ethanol yield from cellulose then separate

Enzymatic Hydrolysis and Fermentation (SHF) and requires lower amount of enzyme [49]. Hydrolysis of lignocellulosic
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materials is separated from ethanol fermentation. The separation of enzymatic hydrolysis and fermentation allows

enzyme to be operated at high temperature for better performance while fermentation organisms can be operated at
moderate temperature for optimizing sugar utilization [48].

Fermentation of bioethanol can be carried out in batch, fed-batch, repeated batch or continuous mode. In batch
process, substrate is provided at the beginning of the process without addition or removal of the medium [50]. Is known
as the simplest system of bioreactor with multi-vessel, flexible or easy control process. The fermentation process was
carried out in a closed-loop system with high sugars and inhibitors concentration at the beginning and ends with high
product concentration [51]. There are several benefits of batch system including complete sterilization, does not require
labour skills, easy to manage the feedstocks, can be control easily and flexible to various product specifications [52, 53].
However, the productivity is low and need intensive and high labour costs. The presence of high sugar concentration in
the fermentation medium may lead to substrate inhibition and result in inhibition of cell growth and ethanol production
[54].

Cell recycle batch fermentation is a strategic method for effective ethanol production as it reduces time and cost
for inoculum preparation. The other advantages of repeated-batch process are easy cell collection, stable operation and
long-term productivity [55, 56]. Sugar materials and immobilized yeast cells are used to facilitate cell separation for cell
recycling [57, 58]. However, its application in SSF process of lignocellulosic materials is extremely difficult because
lignocellulosic residue remain in the fermentation medium together with yeast cells [59]. Fed-batch fermentation is a
combination of batch and continuous mode which involves the addition of substrate into the fermentor without
removing the medium. It has been used to overcome the problem of substrate inhibition in batch operation.
Productivity of fed-batch fermentation can be increased by maintain substrate at low concentration which allows the
conversion of sufficient amount of fermentable sugars to ethanol [53]. This process has higher productivity, higher
dissolved oxygen in medium, shorter fermentation time and lower toxic effect of the medium components compared to
other types of fermentation [54]. However, ethanol productivity in fed-batch is limited by feed rate and cell mass
concentration [60]. Fed-batch operation has been applied successfully in non-uniform SSF system by continuously
adding a pretreated substrate in order to achieve relatively high sugar and ethanol concentration [61]. Culture volume in
continuous operation must be constant and the fermentation products are taken continuously from the media. Various
types of products can be obtained from the top of the bioreactor volumes and less investment and operational costs
[53]. At high dilution rate, ethanol productivity is increased while ethanol yield is decreased due to incompletely
substrate consumption by yeasts. [62]. However, the possibility for contamination to occur is higher that other types of
fermentation [63].

Enzymatic hydrolysis is the preferred saccharification method because of its higher yields, higher selectivity,
lower energy cost and milder operating condition than chemical processes [64]. The most commonly used pretreatment
method is steam explosion. This is contributed by the attractive features of steam explosion which has less
environmental impact, low capital investment, high energy efficiency, less hazardous process chemicals and conditions

and complete sugar recovery [65].
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5.4 Factors affecting bioethanol production

There are several factors which influence the production of bioethanol including temperature, sugar
concentration, pH, fermentation time, agitation rate, and inoculums size [66]. The growth rate of the microorganisms is
directly affected by the temperature [67]. High temperature which is unfavorable for cells growth becomes a stress
factor for microorganisms [68]. The ideal temperature range for fermentation is between 20 and 35°C [69]. Moreover,
enzymes which regulate microbial activity and fermentation process are sensitive to high temperature which can
denature its tertiary structure and inactivates the enzymes [70].

The increase in sugar concentration up to a certain level caused fermentation rate is increase. The initial sugar
concentration also has been considered as an important factor in ethanol production. High ethanol productivity and
yield in batch fermentation can obtained by using higher initial sugar concentration the maximum rate of ethanol
production is achieved when using sugar at the concentration of 150 g/L. [66].

Ethanol production in influenced by pH of the broth as it affects bacterial contamination, yeast growth,
fermentation rate and by-product formation. The permeability of some essential nutrients into the cells is influenced by
the concentration in the fermentation broth [66]. Moreover, the survival and growth of yeasts is influenced by the pH in
the range of 2.75-4.25 [71]. In fermentation for ethanol production, the optimum pH range of S. cerevisiae is 4.0-5.0
[27].

Inoculum concentration does not give significant effects on the final ethanol concentration but it affects the
consumption rate of sugar and ethanol productivity [72]. The production of ethanol was seen to be increased with the
increase in cell numbers from 1 X 10*to 1 X 107 cells per ml but there was no significant ethanol production found
between 107 and 108 cells per ml [66].

Agitation rate controls the permeability of nutrients from the fermentation broth to inside the cells and removal
of ethanol from the cell to the fermentation broth. It increases the amount of sugar consumption or reduces the
inhibition of ethanol on cells. The common agitation rate for fermentation by yeast cells is 150-200 rpm [66].

Fermentation time affect the growth of microorganisms. Shorter fermentation time causes inefficient
fermentation due to inadequate growth of microorganisms. Complete fermentation can be achieved at lower

temperature by using longer fermentation time which results in lowest ethanol yield [66].
Conclusion

In this present study cotton waste and paper waste used a substrate for the production of bioethanol. Yeast
which is the most common microorganisms in bioethanol production plays important function in fermenting sugar to
ethanol. The enzyme cellulase obtained enzymatic hydrolysis of the substrate cotton by simultaneous saccharification
and fermentation. Fermentation process exihibited significant effect on ethanol production. Continuous SSF method has

shown its ability in producing high ethanol concentration with high productivity.

IJCRT2105205 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | c42


http://www.ijcrt.org/

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

www.ijcrt.org © 2021 IJCRT | Volume 9, Issue 5 May 2021 | ISSN: 2320-2882

References

Lin Y, Tanaka S, 2006. Ethanol fermentation from biomass resources: current state and prospects. Appl Microbial
Bioethanol, 69: 627-642.

Solomon BO, Amigun B, Betiku E, Ojumu TV, Layokun SK, 1999. Optimization of cellulase production by Aspergillus flavus
Linn isolate NSPR 101 Grown on Bagasse. JNSCHE, 16: 61-68.

Zhang Q, Cai W, 2008. Enzymatic hydrolysis of alkali- pretreated rice straw by Trichoderma reesei ZM4-F3. Biomass
Bioenergy, 32: 1130-1135.

United states census Bureau (USCB), 2008. World population clock. United states census Bureau http://www.census.gov.

Campbell CJ, Laherree JH, 1998. Preventing the next oil crunch-the end of cheap oil. Sci. Am., 278: 77-83.

Carere CR, Sparling R, Cicek N, Levin DB, 2008. Third generation biofuels via direct cellulose fermentation. Int. J. Mol.,
Sci. 9: 1342-1360.

A. Demirbas, S. Karslioglu, 2007. Biodiesel production facilities from vegetable oils and animal fats, Energy sources. Part
A: Recovery, utilization and environmental effects. 29: 133-141.

Saha, 2004. Lignocellulose biodegradation and applications in biotechnology. American Chemical Society, 2-34.
Annamalai N, Sivakumar N, Oleskowicz-Popiel, 2018. Enhanced production of microbial lipids from waste office paper by

the oleaginous yeasomt Cryptococcus curvatus. 217: 420-426.

Kinnarinen T, Shakhanova M, Hietanen E, Salmimies R, Hakkinen A, Louhi-Kultanen M, 2012. Effect of mixing on
enzymatic hydrolysis of cardboard waste: saccharification yield and subsequent separation of the solid residue using a
pressure filter. BioresourTechnol, 110: 405-411.

Kadar ZS, Szengyel ZS, Reczey K, 2004. Simultaneous saccharification and fermentation (SSF)of industrial wastes for the
production of ethanol. Ind Crop Prod, 20: 103-110.

Agblevor FA, Batz S, Trumbo J, 2006. Storage and characterization of cotton gin waste for ethanol production. Resour
Conserv Recycl, 46(2): 198-216.

Isci A, Demirer GN, 2007. Biogas production potential from cotton wastes. Renew Energy, 32(5): 750-757.

B.S. Dien, M.A. Cotta, T.W. leffries, 2003. Bacteria engineered for fuel ethanol production: current status. Appl.
Microbiol. Biotechnol, 63: 258-266.

Sharma-Shivappa R, Chen Y, 2008. Conversion of cotton waste to bioenergy and value-added products. Trans ASABE,
51(6): 2239-2246.

Jeoh T, Agblevor FA, 2001. Characterization and fermentation of steam exploded cotton gin waste. Biomass Bioenergy,
21(2): 109-120.

Gavrilescu M, 2010. Environmental biotechnology: achievements, opportunities and challenges. Dyn Biochem Process
Biotechnol Mol Biol, 4(1): 1-36.

Arthe R, 2008. Production of bio-ethanol from cellulosic cotton waste through microbial extracellular enzymatic
hydrolysis and fermentation. Electron J Environ Agric Food Chem, 7(6): 2948-2958.

Yang B, Lu Y, 2007. The promise of cellulosic ethanol production in china. J Chem Technol Biotechnol, 10: 6-10.

IJCRT2105205 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | c¢43


http://www.ijcrt.org/
http://www.census.gov/

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

www.ijcrt.org © 2021 IJCRT | Volume 9, Issue 5 May 2021 | ISSN: 2320-2882

Schmitt E, Bura R, Gustafson R, Cooper J, Vajzovic A, 2012. Converting lignocellulosic solid waste into ethanol for the
state of Washington: an investigation of treatment technologies and environmental impacts. Bioresour Technol, 104:
400-409.

Sivakumar N, Al Zadjali A, Al Bahry S, Elshafie A, Eltayeb EA, 2016. Isolation and characterization of cellulolytic Bacillus
licheniformis from compost. Afr J Biotechnol, 15: 2434-2446.

loelovich M, 2014. Waste paper as promising feedstock for production of biofuel. J Sci Res Rep, 3: 905-616.

Szijartd N, Réczey ZFK, aMézes M, Bersényi A, 2004. Cellulase fermentation on a novel substrate (waste cardboard) and
subsequent utilization of home-produced cellulase and commercial amylase in a rabbit feeding trial. Indus Prod, 20: 49—
57.

R. H. De Deken, 1966. The Crabtree effect: a regulatory system in yeast, Microbiol, 44: 149-156.

C. Kasavi, I. Finore, L. Lama, 2012. Evaluation of industrial Saccharomyces cerevisiae strains for ethanol production from
biomass. Biomass-Bioenergy, 45: 230-238.

N. Kosaric, J. Velikonja, 1995. Liquid and gaseous fuels from biotechnology: challenge and opportunities. FEMS
Microbiol. Rev. 16: 111-142.

Y. Lin, W. Zhang, C. Li, 2012. Factors affecting ethanol fermenting using Saccharomyces cerevisiae BY4742. Biomass-
Bioenergy, 47: 395-401.

L. C. Basso, H. V. Amorim, A. J. Oliveira, M. L. Lopes, 2008. Yeast selection for fuel ethanol production in Brazil. FEMS
Yeast Res, 8: 1155-1163.

L. Domingues, N. Lima, J. A. Teixeira, Contamination of a high-cell-density continuous bioreactor. Biotechnol. Bioeng, 68:
584-587.

Y. L. Jin. R. A. Speers, Flocculation of Saccharomyces cerevisiae. Food Res. Int., 31: 421-440.

A. Tofighi, M. M. Assadi, M. H. A. Asadirad, S. Z. Karizi, 2014. Bioethanol production by a novel autochthonous thermo-
tolerant yeast isolated from wastewater. J. Environ. Health Sci. Eng. 12: 107.

J. Fiedurek, M. Skowronek, A. Gromada, 2011. Selection and.adaptation of saccharomyces cerevisiae to increased
ethanol tolerance and production. Pol. J. Microbiol. 60: 51-58.

A. Kumar, L. K. Singh, S. Ghosh, 2009. Bioconversion of lignocellulosic fraction of water hyacinth (Eichhornia crassipes)
hemicellulose acid hydrolysate to ethanol by Pichia stipitis. Bioresour. Technol. 100: 3293-3297.

G. G. Fonesca, E. Heinzle, C. Wittmann, A. K. Gombert, 2008. The yeast kluyveromyces marxianus displaying cellulolytic
enzymes. Appl. Microbiol. Biotechnol. 88: 381-388.

A. Dogan, S. Demirci, A. O. Aytekin, F. Sahin, 2014. Improvements of tolerance to stress conditions by genetic
engineering in saccharomyces cerevisiae during ethanol production. Appl. Biochem. Biotechnol. 174: 28-42.

E. Nuwamanaya, L. Chiwona, R. Kawuki, Y. Baguma, 2012. Bio- ethanol production from non food parts of cassava.
Ambio, 41: 262-270.

J. H. Kim, J. Ryu, . Y. Huh, 2014. Ethanol production from galactose by a newly isolated Saccharomyces cerevisiae KL17.
Bioprocess Biosyst. Eng. 37: 1871-1878.

S. Behera, S. Kar, R. Chandra, 2010. Comparative study of bio-ethanol production from mahula (Madhuca latifolia L.)

flowers by Saccharomyces cerevisiae cells immobilized in agar agar and Ca-alginate matrices. Appl. Energy 87: 96-100.

IJCRT2105205 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | c44


http://www.ijcrt.org/

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

www.ijcrt.org © 2021 IJCRT | Volume 9, Issue 5 May 2021 | ISSN: 2320-2882

C. E. Wyman, 1996. Ethanol production from cellulosic biomass: overview, in: C. E. Wyman, handbook on bioethanol:
production and utilization, Taylor and Francis group, Washington, pp-296-305.

S. Srichuwong, M. Fujiwara, X. Wang, 2009. Simultaneous saccharification and fermentation (SSF) of very high gravity
(VHG) potato mash for the production of ethanol. Biomass- Bioenergy 33: 890-898.

G. S. Wang, X. J. Pan, J. Y. Zhu, 2009. Sulfite pretreatment to overcome recalcitrance of lignocelluloses (SPORL) for robust
enzymatic saccharification of hard-woods. Biotechnol. Prog. 25: 1086-1093.

X. Zhao, K. Cheng, D. Liu, 2009. Organosolv pretreatment of lignocellulosic biomass for enzymatic hydrolysis. Appl.
Microbiol. Biotechnol. 82: 815-827.

S. Prasad, A. Singh, H. C. Joshia, 2007. Ethanol as an alternative fuel from agricultural, industrial and urban residues.
Resour. Conserv. Recycl. 50: 1-39.

J. K. Kurian, G. R. Nair, A. Hussain, G. S. Vijaya Raghavan, 2013. Feedstocks, logistics and pre-treatment process for
sustainable lignocellulosic biorefineries: a comprehensive review. Renew. Sustain. Energy Rev. 25: 205-219.

D. Greetham, A. J. Hart, G. A. Tucker, 2016. Presence of low concentrations of acetic acid improve yeast tolerance to
hydroxymethylfurfural (HMF) and furfural. Biomass-Bioenergy 85: 53-60.

T. W. Jeffries, Y. S. Jin, 2000. Ethanol and therotolerance in the bioconversion of xylose by yeasts. Adv. Appl. Microbiol.
47:221-268.

B. Joshi, M. Raj, B. Dinita, 2011. Lignocellulosic ethanol production: current practices and recent developments.
Biotechnol. Mol. Biol. Rev. 6: 172-182.

L. Canilha, A. K. Chandel, T. S. dos Santos Milessi, 2012. Bioconversion of Sugarcane Biomass into Ethanol: an overview
about composition, pretreatment methods, detoxification of hydrolysates, enzymatic saccharification, and ethanol
fermentation. J. Biomed. Biotechnol. 1-15.

Eklund R, Zacchi G, 1995. Simultaneous Saccharification and fermentation of steam-pretreated willow. Enzyme Microb
Tech 17(3): 255-259.

H. Hadiyanto, D. Ariyanti, A. P. Aini, D. S. Pinundi, batch and fed-batch fermentation system on ethanol production from
whey using Kluyveromyces marxianus. Int. J. Renew. Energy Dev, 2: 127-131.

H. Thatoi, P. K. Dash, S. Mohapatra, M. R. Swain, 2014. Bioethanol production from tuber crops using fermentation
technology: a review. Int. J. Sustain. Energy, 1-26.

V. lvanova, P. Petrova, J. Hristov, 2011. Application in the ethanol fermentation of immobilized yeast cells in matrix of
alginate/magnetic nanoparticles, on chitosanmagnetite microparticles and cellulose coated magnetic nanoparticles. Int.
Rev. Chem. Eng. 3: 289-299.

A. Jain, S. P. Chaurasia, 2014. Bioethanol production in membrane bioreactor (MBR) system: a review. Int. J. Environ.
Res. Dev. 4: 387-394.

N. G. Cheng, M. Hasan, A. C. Kumoro, 2009. Production of ethanol fermentation by fed-batch fermentation. Pertanika J.
Sci. Technol. 17: 399-408.

K. Kida, S. Morimura, K. Kume, K. Suraga, Y. Sonoda, 1991. Repeated batch ethanol fermentation by a occulating yeast

Saccharomyces cerevisiae IR-2. J. Ferment. Bioeng. 71: 340-344.

IJCRT2105205 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | c¢45


http://www.ijcrt.org/

56.

57.

58.

59.

60.

61.

62.

63.

64.
65.

66.
67.

68.

69.

70.

71.

72.

www.ijcrt.org © 2021 IJCRT | Volume 9, Issue 5 May 2021 | ISSN: 2320-2882

M. Vazirzadeh, M. Mohsenzadeh, 2012. Bioethanol production from white onion by yeast in repeated batch. Iran. J. Sci.
Technol. 477-480.

L. Liang, Y. P. Zhang, L. Zhang, 2008. Study of sugarcane pieces as yeasts supports for ethanol production from sugarcane
juice and molasses. J. Ind. Microbiol. Biotechnol. 35:1605-1613.

S. Morimura, Z. Y. Ling, K. Kida, (1997). Ethanol production by repeated-batch fermentation at high temperature in a
molasses medium containing a high concentration of total sugar by thermotolerant flocculating yeast with improved
salt-tolerance. J. Ferment. Bioene. 83: 271-274.

Y. Matano, T. Hasunuma, A. Kondo, 2013. Bioresource technology cell recycle batch fermentation of high-solid
lighocellulose using a recombinant cellulase-displaying yeast strain for high yield ethanol production in consolidated
bioprocessing. Bioresour. Technol. 123: 695-698.

A. Margarities, F. J. A. Merchant, 1987. The technology of anaerobic yeast growth, in: D. R. Berry, B. |. Russell, G. G.
Stewart (Eds.), yeast biotechnology. 84 Unwin Hyman, Ltd, London. pp: 37-53.

Q. Kang, L. Appels, T. Tan, R. Dewil, 2014. Bioethanol from lignocellulosic biomass: current findings determine research
priorities. Sci. World. J.

0. Sancez, C. A. Cardona, 2008. Trends in biotechnological production of fuel ethanol from different feedstocks.
Bioresour. Technol. 99: 5270-5295.

A. K. Chandel, C. Es, R. Rudravaram, 2007. Economics and environmental impact of bioethanol production technologies:
an appraisal. Biotechnol. Mol. Biol. Rev. 2: 14-32.

B. Yang, Z. Dai, S. Y. Ding, C. E. Wyman, 2011. Enzymatic hydrolysis of cellulosic biomass. Biofuels, 2: 421-450.

P. Alvira, E. Tomass —Pejo, M. Ballesteros, M. J. Negro, 2010. Pretreatment technologies for an efficient bioethanol
production process based on enzymatic hydrolysis: a review. Bioresour. Technol. 101: 4851-4861.

H. Zabed, G. Farug, J. N. Sahu, 2014. Bioethanol production from fermentable sugar juice. Sci. World J. 1-11.

C. Charoenchai, G. Fleet, P. A. Henschke, 1998. Effect of temperature, pH and sugar concentration on the growth rates
and cell biomass of wine yeasts. Am. J. Enol. Vitic. 49: 283-288.

M. MarelneCot, M. O. Loret, J. Francois, 2007. Physiological behavior of Saccharomyces cerevisiae in aerated fed-batch
fermentation for high level production of bioethanol. FEMS Yeast Res. 7: 22-32.

R. Liu, F. Sen, 2008. Impacts of main factors on bioethanol fermentation from stalk juice of sweet sorghum by
immobilized Saccharomyces cerevisiae (CICC 1308). Bioresour. Technol. 99: 847-854.

M. Phisalaphong, N. Srirattana, W. Tanthapanichakoon, 2006. Mathematical modeling to investigate temperature effect
on kinetic parameters of ethanol fermentation. J. Biochem. Eng. 28: 36-43.

G. H. Fleet, G. M. Heard, 1993. Yeasts-growth during fermentation, in: G. H. Fleet, wine microbiology and biotechnology.
Harwood Academic, Switzerland. Pp- 42-43.

L. Laopaiboon, P. Thenonkeo, P. Jaisil, P. Laopaiboon, 2007. Ethanol production from sweet sorghum juice in batch and

fed-batch fermentation by Saccharomyces cerevisiae. World J. Microbiol. Biotechnol. 23: 1497-1501.

IJCRT2105205 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | c46


http://www.ijcrt.org/

