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Abstract
Swift depletion coupled with hazardous effects of nonrenewable energy sources 
(such as petrol, coal, and diesel) on the environment has inspired all governments 
around the globe to participate in identification, development, and commercializa-
tion of the technology to produce environment-friendly renewable fuels. In this con-
text, recent studies on bioethanol have reflected its viability to be one such energy 
source due to its production by renewable and sustainable biomass with compara-
tively less emissions than fossil fuels. Meanwhile, advancement in next-generation 
sequencing technology and genetic engineering has provided an opportunity to not 
only inspect into omics data but also to produce hyper-productive strains for effi-
cient degradation of lignocelluloses material at the industry level. This chapter talks 
about the availability of omics data for microorganism strains and biomass required 
for bioethanol production in India (third largest energy consumer, second most 
populated, and counted among the fastest developing countries).

Keywords: Agricultural bioinformatics, biofuel, genome and proteome data, 
future trends

11.1 Introduction

Natural fossil fuels like natural gas, coal, petroleum, and diesel have been 
a primary source for the world’s economy. However, the over consump-
tion of fossil fuels has not only resulted in depletion of these nonrenewable 
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resources but also played a major role in the increase of greenhouse gases 
(GHGs), global warming, and climate change. These limitations accompa-
nied by an increase in the world’s energy requirement have made an empha-
sis to search for alternate energy sources with the following characteristics: 
renewable, efficient, sustainable, and cost effective with negative or less emis-
sion of GHGs [1]. Fuels generated from plant biomass can be considered as 
substitute of fossil fuels, termed as biofuel. Although, biofuel is similar to 
hydrocarbons with respect to emission, it can be more environment-friendly 
if the production and distribution of biofuel are taken care of.

The very first advantage that biofuels hold over conventional fuels is that 
they are biological molecules and hence biodegradable. This means that 
they will not persist in the environment for long durations and would not 
make an area uninhabitable. Secondly, biofuel production can be manipu-
lated to eliminate sulfur to reduce the net impact of acid rain. Further, the 
limitations imposed by GHG on use of fossil fuels can be easily overcome 
by the use of biofuel. Lastly, biofuel production would decrease the energy 
dependence, i.e., countries having land resources to grow biofuel feedstock 
could produce their own energy and would no longer be dependent on 
fossil fuels that are limited to few geographical locations in the world.

The production of biofuel has changed over the course of time and biofuel 
can be broadly classified into three generations, namely, the first,  second, and 
third generations. First-generation biofuel is made using feedstock that is also 
consumed as human food like sugar, vegetable oil, and/or starch. However, the 
food vs. fuel debate paved the path for second-generation biofuel, where only 
sustainable feedstock is considered for biofuel productions, which are either a 
non-food crop or plant products that are no longer useful for consumption. 
Since the second-generation biofuel feedstock covers a wider range from for-
estry to agriculture and waste material enriched in lignocellulosic content that 
is difficult to extract, it involves advanced conversion technologies. Therefore, 
the quality of second-generation biofuel is majorly driven by the production 
routes opted by the industry generally having the following sequence: pretreat-
ment, hydrolysis, fermentation, distillation, and purification of bioethanol.

Moreover, the outcomes of recent advancement and experimentation 
on algae-based biofuel production in terms of diversity and quantity with 
lower resource inputs as compared to that of second-generation biofuel 
production have given more impetus toward the usage of algae for biofuel 
production. Besides the diversity of carbon sources they can use and quan-
tity they can produce, the simplified path to genetically manipulate them 
to produce any kind of biofuel is most remarkable. Hence, algae-based bio-
fuel production marks the third generation. However, they require more 
understanding and further scientific research. 
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Bioethanol is a biofuel that can be easily produced by renewable and sus-
tainable plant resources that it can be extensively used for transportation 
with a possibility of minimized particulate production in compression– 
ignition engines [47]. In Europe and in the United States, bioethanol has 
been used since the 1900s but was hampered due to its high production 
cost. However, after the oil crisis in the 1970s, production of bioethanol 
was resumed with renewed interest. Although bioethanol has lower energy 
content than petrol (68%), its cleaner combustion and reduction of CO2 
emission level (by 80%) enable it to be a viable alternate source of energy. 
Also, studies conducted in the past couple of decades have also shown that 
replacement of fossil fuels by ethanol-based fuels has resulted a drastic 
reduction in net average of GHGs by 71% for cellulosic ethanol and 31% 
for bioethanol [2]. 

Therefore, the scenario presented by second- and third-generation bio-
fuel (mainly bioethanol) production provides an ample area where even 
a small improvement or discovery could give a huge impetus toward the 
efficient production of bioethanol. The major areas that need scientific 
attention are raw materials, organisms that can produce enzymes being 
used in pretreatment process, and availability of omics data for further 
research. Hence, the chapter focuses on the availability of omics data and 
biomass found specifically in India for bioethanol production and the 
bacterial organism indigenous to India having cellulolytic enzymes.

11.2 Indian Scenario

Bioethanol in India is generally derived from molasses (by-product of sugar 
production process). However, with the increase in the energy demand of 
India and its population, it is impossible that molasses alone would be sustain-
able for bioethanol production. Besides, the debate on first-generation biofu-
els as they are derived from food crops has raised questions about net energy, 
water utilization, and net GHG balance. These criticisms have led to increased 
interest in second-generation biofuels [3]. In India, more than half of its land is 
used for agriculture. Also, it is the world’s first largest producer of rice (https://
www.worldatlas.com/articles/the-countries-producing-the-most-rice-in- 
the- world.html) and the second largest producer of sugarcane (https://www. 
worldatlas.com/articles/top-sugarcane-producing-countries.html), wheat 
(https://www.worldatlas.com/articles/top-wheat-producing-countries.
html), and sorghum (https://www.worldatlas.com/articles/top- sorghum 
-producing-countries-in-the-world.html). This leads to production of mas-
sive amounts of crop residues that could be used for second-generation biofuel 
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production. Most of these crop residues are burned by farmers that leads to 
air pollution. Specifically, this event has been seen in the northern states of 
India. Agricultural waste has not been given much attention and usually ends 
being composted or grazed by animals. Agricultural waste, such as rice husk, 
has been traditionally being burned in the states of Haryana, Punjab, UP, 
and Rajasthan. This burning is not only an inefficient method of eliminating 
biomass; it also leads to increased levels of particulate matter in the northern 
parts of India. In November 2015, the state of Delhi reported the highest par-
ticulate matter between the ranges 368–122, much higher than the safe limits 
(http://www.dailypioneer.com/todays-newspaper/delhi-gasps-for-fresh-air 
-as-particulate-matter-soars-by-350.html and https://www.nature.com/news 
/new-delhi-car-ban-yields-trove-of-pollution-data-1.19385). The lack of a 
supply-chain mechanism of utilizing the biomass left after harvesting is a 
plausible reason as to why the farmers resort to burning. Thus, industries 
that can utilize the agricultural waste are a potential area of development that 
needs attention. Moreover, sustainably produced second-generation biofuel 
can potentially promote rural development and improve economic condi-
tions in developing regions.

There are two essential requirements for successful production of bioeth-
anol in a developing country like India: availability of second-generation 
plants and crop residues that are sustainable, and identification of native 
strains of microorganisms (preferably bacteria) that produce cellulases. 
The latter is most important as characterization and further manipulation 
of catalysts via protein engineering could lead to preparing and commer-
cialization of enzymatic cocktails. While enzymatic cocktails are available 
from companies such as Novozymes, there is a lack of enzymatic cocktail of 
Indian origin that in our opinion has the ability to revolutionize bioethanol 
production in India.

11.3 Cellulolytic Enzymes Producing Bacterial 
Strains Isolated from India

An impediment toward the conversion of plant biomass into bioetha-
nol is the enzymatic hydrolysis of lignocellulosic material. It is a process 
whereby lignocellulosic content from plant biomass is converted into fer-
mentable sugars (Figure 11.1) through the use of enzymes like cellulases 
and xylanases. However, production of these enzymes at industrial scale 
by bacterial and fungal strains involves relatively high cost, and hence 
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identification of new and active enzymes besides improvement in the effi-
ciency of already known enzymes is one of the major areas of research in 
bioethanol production.

Cellulases working synergistically with xylanases are the most com-
mon enzymes produced by fungal and bacterial strains. But enzymes like 
amylase, holocellulase, and pectinase not only increase the range of plant 
biomass that can be degraded but also reduce the cost if they can be pro-
duced by only one organism. The greater interest lies in the enzymes pro-
duced from thermophiles ranging from 50°C to 90°C as it can be used for 
harsh industrial process. Moreover, at the industrial scale, it is import-
ant to produce copious amount of cellulases, and hence omics study of 
organisms that can be easily engineered genetically besides having higher 
growth rate plays a crucial role (bacteria). Here, we give an overview of 
various promising microorganism strains indigenous to India for bioeth-
anol production. Table 11.1 provides a list of bacterial organisms that can 
produce the plant biomass-degrading cellulolytic enzymes (such as endo/
exoglucanases, cellobiohydrolases, β-glucosidases, and others) with its 
genome availability.

11.3.1 Bacillus Genus of Lignocellulolytic 
Degrading Enzymes

Bacillus, a genus of gram-positive and rod-shaped bacteria, has around 
20 different species (Table 11.1) capable of producing lignocellulolytic 
degrading enzymes isolated from India. Many of these have the ability to 
grow at varying pH and temperature making them attractive for industrial 
purpose of cellulase production.

Among the 20 strains listed, two strains of Bacillus cereus and Bacillus 
amyloliquefaciens, respectively, can produce a variety of enzymes like 
β-glucosidase, cellulase, pectinase, xylanase, and β-1,4-endoglucanase for 
hydrolysis of plant biomass and have been extensively studied.

11.3.2 Bhargavaea cecembensis

Gram-positive, nonmotile, nonspore forming, and rod-shaped bacteria iso-
lated from the Indian Ocean are reported about their cellulase-producing 
capability [4]. Named after the late Indian scientist, PM Bhargava, the strain 
of Bhargavaea cecembensis was isolated from the hot spring of Manikaran 
(India). This thermophillic organism is potentially a source of cellulase that 
can be scaled up for industrial-scale production.
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11.3.3 Streptomyces Genus for Hydrolytic Enzymes

Besides being the largest genus for antibiotic production, several species of 
Streptomyces isolated from India have shown to have cellulase-producing 
ability [5–11]. S. albogriseoulus, S. albospinus, S. griseorubens, S. matensis, 
S. nitrosporeus, and S. viridiviolaceus have been reported in various reports 
exhibiting cellulase-producing capability.

Although a significant effort has been made to reduce the production 
cost of cellulase at industrial scale, it still equals twice the cost of produc-
ing ethanol from starch. Hence, realizing the paramount importance of 
cellulolytic enzymes producing organism, it is necessary to explore new 
organism and cocktails of enzymes that can be used for production at 
industrial scale. Besides, modulating transcriptional regulators to produce 
the desired cocktail of lignocellulolytic degrading enzymes with high yield 
and productivity can also be an alternative for cost reduction. However, to 
attain this, one must have in-depth knowledge of the organism’s genome, 
and hence its public availability plays a crucial role.

11.4 Biomass Sources Native to India

In other countries, where bioethanol blending has been successfully imple-
mented (such as the USA and Brazil), second-generation biomass has been 
actively researched upon and new technologies are developed and simul-
taneously commercialized for a sustainable bioethanol production. One of 
the successful crops that have garnered massive attention is switchgrass, a 
perennial prairie plant mostly found in Midwestern United States. In the 
case of India, multiple labs have focused on other perennial plants that are 
not cultivated for food.  Here, we list some of those grasses/plants that are 
found geographically in India and highlight the advances as well.

11.4.1 Albizia lucida (Moj)

Albizia lucida, known as Moj, is native to the northeastern part of India. 
It is a fast-growing tree that is majorly used as fuel by local tribal people. 
Physiochemical analysis of the plant is carried out to check its use in bio-
fuel production, and it was found that it can be a good alternate for bioeth-
anol production. Specifically, its high cellulose with lower lignin makes it 
an attractive biomass. Further, the crystallinity content of Moj analyzed 
using the Ash test was found to be 46.43% and degrades at temperature of 
355°C [12].
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11.4.2 Areca catechu (Betel Nut)

Areca catechu is a species of palm that majorly grows in Asia, parts of east 
Africa, and tropical Pacific. In India, it is used extensively for cooking and 
heating. Interestingly, the husk of the betel nut palm is proposed to be used 
as biomass source. Compared to Moj, the betel nut husk contains higher 
crystallinity of cellulose and hemicelluloses of 63.84% [12].

11.4.3 Arundo donax (Giant Reed)

Arundo donax is a perennial dry energy grass native to Middle East Asia, 
Indian subcontinent, and Mediterranean Basin. Similar to Miscanthus, it 
has a rhizoidal root system that is tough and forms an extensive knotty net-
work through which it propagates further [13]. It has an ability to grow in 
erosive and marginal, degraded soils with remarkable increase in biomass 
in response to nitrogen fertilizers. Additionally, it can improve soil fertility 
and has higher yield of bioethanol, making it a prominent candidate for 
bioethanol production [14].

11.4.4 Pennisetum purpureum (Napier Grass)

The hybrid variety of Napier grass developed by Tamilnadu Agricultural 
University, Coimbatore, has a higher biomass yield compared to other 
perennial grasses. While it has been bred for feedstock purposes, it is highly 
tolerant to salinity and reduces the pH of the saline soil [15].

11.4.5 Brassica Family of Biomass Crops

Brassica carinata (Ethiopian mustard) is a newly introduced semiarid crop 
in India that is agriculturally significant as it is used as a source for jet 
engine aviation biofuel [16, 17]. The environmental performance of the 
biofuel in comparison to conventional gasoline was estimated to be better 
for ethanol-based application in passenger cars [17].

Another member of Brassica, Brassica napus (rapeseed), a popular crop 
for edible oil production, has also been proposed to be a sustainable biomass 
source for bioethanol production. The investigation of the various factors that 
influence the saccharification of rapeseed stalks concluded that the lower the 
quantity of pectin and arabinogalactans, the better the saccharification [18].

Multiple studies have been reported on the common mustard plant, 
a widely grown agricultural crop in India and South Asia. Specifically, the 
structural features of dilute acid, steam exploded, and alkali-pretreated mus-
tard stalks and their impacts on enzymatic hydrolysis are investigated [19].
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11.4.6 Cajanus cajan (Pigeon Pea)/Cenchrus americanus 
(Pearl Millet)/Corchorus capsularis (Jute)/Lens culinaris 
(Lentil)/Saccharum officinarum (Sugarcane)/Triticum 
sp. (Wheat)/Zea mays (Maize)

These crops are grown in huge quantity in India covering almost all parts 
of the country. Various parts of plants like straw, stalk, waste, and husk are 
utilized for the production of bioethanol. The roadmap for biofuel pro-
duction in India [3] shows the total net ethanol availability in 2010/2011 
as 27.9 billion liters and estimates an increase in the availability (37.3% 
by 2020/2021) with the increase in production of these plants. As stated 
earlier, among the world’s largest producer of rice, pigeon pea, pearl millet, 
jute, sugarcane, wheat, and maize, there are high rates of having biomass 
resource from various parts that are not edible or form waste.

11.4.7 Medicago sativa (Alfalfa)

Alfalfa is a perennial flowering plant of pea family grown almost all around 
the world. Due to its rich lignocellulosic content and being herbaceous 
non-edible energy crop, it is considered as a potential source of biomass 
for bioethanol production. Though not produced in large quantity, West 
and South-Central India is an ideal location for the production of alfalfa.

11.4.8 Manihot esculenta (Cassava)/Salix viminalis (Basket 
Willow)/Setaria italica (Foxtail Millet)/Setaria viridis 
(Green Foxtail)

With the efficient and cost-effective lignocellulosic bioethanol produc-
tion, bioethanol industry would need a more reliable plant biomass that 
can be produced using minimum water, fertilizer, and agricultural land. To 
address this issue, various C4 energy plants could be used for bioethanol 
production as they use an efficient system when compared to C3 plants, 
hence yielding high amount of biomass. In a recent article [20], the authors 
investigated the optimization techniques for biomass production and feed-
stock quality with respect to bioethanol production in C4 plants.

11.4.9 Vetiveria zizanioides (Vetiver or Khas) 

In many parts of India, Khas grass grows wild and is an important plant 
for industrial and medicinal uses. Khas/Vetiver’s roots are used for cooling 
purposes, and oil is extracted as well, which is prized for its cooling effect 
(http://www.vetiver.org/).
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Harvesting of Khas/Vetiver’s roots is done by uprooting the entire plant 
and removing the roots after cleaning. Interestingly, systematically culti-
vated Khas/Vetiver is harvested by removing the roots after 10–12 months, 
mostly for medicinal purposes. However, the pulp of Khas/Vetiver goes 
into paper and straw board production.

11.4.10 Millets and Sorghum bicolor (Sorghum)

Although there are plants and crop wastes that are being utilized for biofuel 
production in India (like wheat bran, wheat straw, sugarcane bagasse, rice 
straw, and rice husk), there are plants that have been investigated by few 
labs for their utilization in biofuel production. However, the lack of omics 
(genome, transcriptome, and proteome) data for these plants is acting as a 
roadblock in the efficient production of bioethanol. Table 11.1 lists a total 
of 39 Indian plants that have been investigated for their bioethanol produc-
tion capability and availability of the omics data on the National Center for 
Biotechnology Information (NCBI) portal. As discussed in Ref. [3], wastes 
from sugarcane, wheat, maize, jute, pearl millet, pigeon pea, and lentil are 
being extensively used for bioethanol production. However, plants like Moj, 
Bonbogori and German grass, foxtail millet, basket willow, and green foxtail 
can be investigated in depth to evaluate their efficiency in the production 
of bioethanol. Specifically, sorghum has received a lot of attention recently 
[21, 22]. Therefore, availability of genome, transcriptome, and proteome of 
plants not only would pave a better way to understand and overcome the 
complexity involved in bioethanol production at the industrial level but 
also would provide various reliable resources from all over the country to 
meet the challenge of fuels. Moreover, in a country like India with vast land 
resources to grow biofuel feedstock, it has a potential to not only produce 
the energy for itself but also distribute the bioethanol to other countries.

11.5 Omics Data and Its Application to Bioethanol 
Production

“Omics” is a general term applied to biological data that result after sequenc-
ing the genome of a particular organism. Derived from the suffix “ome,” 
omics has multiple flavors, such as transcriptomics, metabolomics, etc. 
With the advent of next-generation sequencing techniques, it has been a 
matter of hours for any organism’s genome to be elucidated. The impli-
cation of genome sequence availability is quite long reaching. For exam-
ple, once the genome of an organism is known, the functional genomics 



234 OMICS-Based Approaches in Plant Biotechnology

(process of identifying all the genes and annotating their functions) step 
enables to study specific genes that influence in a specific pathway. 

In the case of bioethanol production, the availability of omics data is a 
major limitation. Among the ~65 strains isolated from India, there are only 
49 species’ genome available (73% of strains) in the NCBI. While published 
reports emphasize on the specific enzyme that was isolated and character-
ized from the strains, they do not report the genome availability or sequenc-
ing efforts. The genome data available for most of the ~65 strains of Indian 
origin can be analyzed with standard organism’s genome available in the 
NCBI using BLAST and other genome comparative tools. As a general rule 
of thumb, these genome data can be used as the strain’s genome, with the 
caveat that there might be some unique genes present in the Indian strain 
that are missing in the standard genome’s data. To overcome this limita-
tion, it would be ideal to have the strain’s genome sequenced by NGS and 
deposited in the NCBI. Also, many of the metagenome efforts have led 
to identification of indigenous strains that have possible implications in 
bioethanol production in India.

The other way around would be a metagenomic study of microorganisms 
with characteristics like low pH and sustainability at higher temperature. The 
strains that produce cellulases and possess any one of the above characteris-
tic can be further explored, i.e., what regulatory factors play a critical role in 
production of cellulase and other plant-biomass degradation. However, all 
research to manipulate the production of cellulase at industrial scale requires 
the presence of omics data. Additionally, availability of genomic information 
would also increase the computational studies so that it can be well inte-
grated with experimental studies to not only increase the production of cel-
lulase but also at the same time decrease the experimental cost.

Similarly, among the biomass sources that are native to India, there are 
only 15 genome data available [such as Brassica juncea (mustard), Brassica 
napus (rapeseed), Brassica rapa (field mustard), Cajanus cajan (pigeon 
pea), Cenchrus americanus (pearl millet), Corchorus capsularis (jute), 
Gossypium barbadense (Brazilian cotton), Gossypium hirsutum (upland 
cotton), Manihot esculenta (cassava), Populus euphratica, Populus tricho-
carpa (black cottonwood), Setaria italica (foxtail millet), Sorghum bicolor 
(sorghum), Triticum sp. (wheat), and Zea mays (maize)]. Among these 15, 
only 10 organisms’ proteome data are available. However, there are 21 tran-
scriptome data available for the biomass sources. For strain engineering 
and development, it is essential that the organism’s genome, transcriptome, 
and proteome are all available. Thus, the availability of all three data for 
sorghum, maize, upland cotton, and Brassica species will enable for further 
research (Table 11.2).
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Besides, the higher content of lignin hinders the production of bioethanol 
and the reason can be imparted to complexity involved in separating lignin 
from other polymers for efficient enzymatic hydrolysis [23]. Hence, one can 
think of genetically engineering fuel plants to generate less amount of lignin as 
compared to other biopolymers and would require information of regulatory 
factors involved in the synthesis of lignin. Though the biosynthetic pathway of 
lignin has been deciphered in great depth, regulating its production in various 
plants would surely involve the knowledge of genome of that particular plant. 
In addition, one can go for transcriptomics study to know what all genes and 
regulatory factors are involved in higher production of cellulose and xylose 
in a given plant so as to increase the content of bioethanol in the long term. 

11.6 Conclusion

The success of bioethanol blending as proposed by the Government of India 
is dependent on two things: (1) availability of biomass sources that are sus-
tainable and (2) characterization of catalysts. For the former, the major lim-
itation is incentive to the farmers to provide the industry enough biomass 
(such as second-generation biomass) to make it sustainable. In this regard, 
this chapter summarizes not only agricultural crop residues but also plants 
that are used majorly as feed or for other purposes. With regards to catalysts, 
it has been shown that for a developing country like India, there are abun-
dant strains available that produce cellulases and other associated enzymes. 
Some of these enzymes are attractive for industry in terms of thermostability 
and other properties that are deemed desirable. At the same time, some of 
these organisms’ genome has been sequenced, and thus there is availability of 
omics data that can be tapped for further characterization and development 
of strains that are highly suitable for industrial purposes. In the future, there is 
a need to generate more omics data (genome, transcriptome, and proteome) 
to be generated for both the biomass source and strains native to India.
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