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Abstract 
This review investigates the possibility of biobutanol as a renewable energy source for 
addressing the environmental issues associated with traditional carbon-based fuels. As energy 
demand rises, carbon emissions from fossil fuels exacerbate climate change, emphasizing the 
importance of sustainable, low-emission alternatives. Bioenergy, which is produced from 
organic waste via biochemical processes, is a possible replacement. Biobutanol, in particular, 
has an advantage over bioethanol due to its cleaner combustion and applicability for a variety 
of applications; nevertheless, the toxicity of biobutanol to its producing bacteria reduces 
production efficiency. Gas stripping recovery systems are presented as solutions for 
increasing output. 
Renewable energy is classified into four types based on its source: edible crops, non-edible 
biomass (such as lignocellulose), cellular materials, and carbon capture. Currently, first-type 
renewables dominate, but agricultural concerns are moving the focus to non-food sources. 
Second-generation renewables, particularly lignocellulose, offer considerable benefits by 
exploiting whole plant biomass with minimum land needs. Biobutanol, a second-type 
renewable, is recognized for its ability to satisfy energy demands while promoting 
environmentally good activities. This analysis emphasizes biobutanol's potential for 
bioenergy, notably from agricultural waste, and advocates for more research into production 
upgrades. 
 
 

Introduction 

As energy consumption grows, carbon fuel 
supplies are depleted (Ni et al., 2012). 
Energy production increases carbon 
dioxide atmospheric concentrations, which 
affect the ecosystem since it is linked to 
climate change. Reliable methods of 
energy production are needed while also 
reducing carbon emissions (Bhatia et al., 
2015). Perhaps, a biotechnological process 
may be a promising option. Since 
bioenergy is created via biochemical 
processes, it could be a suitable 
replacement for energy sources. Bioenergy 
may be made from various organic wastes 
(Palmer and Brigham, 2017). Biological 

decomposition is involved in transforming 
waste to sugar which further promotes the 
action of microorganisms (Le et al., 2017). 
Climate change and energy security are the 
crucial reasons why butanol production 
draw global interest, and the bioenergy 
sector's systematic growth does have the 
capacity to help farming nations (Zhang & 
Jia, 2018). Butanol is a widely used 
product primarily manufactured from 
hydrocarbon biomasses, and it is used in 
diluents, butylamines, polymers, 
carboxylates, and other applications 
(Bhatia et al., 2017). Biobutanol may not 
be as well as bioethanol. On the other 
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hand, biobutanol offers several benefits 
above bioethanol, including being highly 
eco-friendly and cleaner combustible fuel 
(Zhang & Jia, 2018). Biobutanol is indeed 
poisonous to the bacteria that produce it, 
which lowers the efficiency of traditional 
biobutanol synthesis. To boost the 
efficiency of biobutanol production, an 
option would be to adopt the gas striping 
recovery system (Ezeji et al., 2012). The 
review focus on the microbial synthesis of 
biobutanol from agricultural wastes after 
pre-treatments and its enhancement 
methods. 

Background 
Renewables could be divided into distinct 
categories regarding their sources (Bhatia 
et al., 2017). Carbohydrates and 
polysaccharides are used to make first-type 
renewables. Renewables of the second- 
type are made from non-edible material; 
renewables of the third-type are made 
from cellular sources; and renewables of 
the fourth-type are made from Carbon 
dioxide capture (Aro, 2016). The majority 
of renewables generated now are first-
type, and it is made solely from 
agricultural products in places like the 
USA, where maize is used (Bhatia et al., 
2017). Recently, agricultural products and 
energy dilemmas have created numerous 
first-type bioenergy issues, prompting 
experts to consider additional renewable 
options (Qureshi et al., 2013). Biomass-
based second-type renewables provide 
several benefits over first-type renewables. 
The highly abundant and unexplored 
active polymers here on the planet 
(lignocellulose) might be a potential 
energy source (Hou et al., 2017). Crop 
residues require minimal usable area to 
manufacture since the entire plant could be 
used as a biomass feedstock, while seeds 
are used in the first-type bioenergy (Zhang 
& Jia, 2018). However, the usage of 
lignocellulose as a biomass feedstock also 
has disadvantages, as it is primarily 
composed of sugars with minimal 
micronutrients. Crops of various sorts 

could be cultivated simultaneously, 
requiring lesser fertilizer and reducing the 
cost of bioenergy sources. (Bhatia et al., 
2017). Although third and fourth-type 
renewables are lucrative, their 
manufacturing is still in infancy; perhaps 
biobutanol (second-type) could be an ideal 
product for energy production. 

Agricultural Waste Pre-Treatments 
The fundamental goal of pre-treatment 
would be to decompose the constituents of 
lignocellulosic biomass, which include 
cellulose and lignin for biobutanol 
production (Chen et al., 2017). The pre- 
treatment methods for crop residues 
include mechanical, chemicals, and 
microbiological approaches. These 
methods often change the biomolecular 
composition of lignocellulosic wastes and 
release carbohydrates (Brodeur et al., 
2011). Hence, agricultural wastes need to 
be pretreated before being used for 
biobutanol production (Figure 1). 
Mechanical / Physical Approach 
This approach involves the physical 
breakdown of agricultural wastes before 
biobutanol production (Figure 1). Since 
the physical method reduces the bulkiness 
of agricultural wastes while increasing the 
surface area, it can promote microbial 
fermentation for biobutanol production 
(Bhatia et al., 2017). Various techniques 
are employed in the physical method for 
biobutanol production. The volume of 
material may be reduced by chipping to 9–
31 millimetres using heating and mass 
movement. Correspondingly grinding 
reduces agricultural wastes to 0.09–2.1 
mm via shearing forces (Maurya et al., 
2015). Although the mechanical method 
promotes waste reduction, it is not cost-
effective and requires some funds to 
purchase the equipment. In a study 
comparing various milling processes, Kim 
and colleagues found that hydrolysis of 
lignocellulose with enzymes via planetary 
milling yielded more significant levels of 
lactose-constituents (Kim et al., 2013). 
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Furthermore, microwave irradiation seems 
to be a common technique for 
decomposing lignocellulosic materials. 
The method is simple, uses 
electromagnetic wavelength, and generates 
lesser inhibitory chemicals (Moodley & 
Kana, 2017). The process can transform 
large organic waste into gases, including 
hydrogen, methane, carbon monoxide, 
or carbon dioxide (Huang et al., 2016). 
However, microwave irradiation poses 
more risk as it could heat the body tissues, 
and hence proper handling procedures are 
needed for safety. Also, sound waves for 
bioconversion of renewables have now 
been researched. This is one of the 
physical methods for pretreating organic 
wastes—ultrasonic vibrations breakdown 
lignocellulose components, giving room 
for enzymatic activity. Sound waves 
combined with chemical treatments result 
in cellulose fragmentation and enhanced 
enzymatic degradation (Gabhane et al., 
2014). Another technique used is 
devolatilization. Devolatilization involves 
pre-heating organic wastes under anoxic 
conditions at elevated temperatures (600–
900oC), which degrade the fibre 
components (Akhtar et al., 2015). The 
above evidence implies that physical 
methods can pretreat biomass prior to 
biobutanol production. Still, it has 
limitations in the cost and maintenance of 
mechanical devices that lead to other 
approaches like chemical usage. 
Chemical Approach 
This approach involves the chemical 
breakdown of agricultural wastes before 
biobutanol production (Figure 1). Different 
chemicals have been known and utilised in 
the structural breakdown of organic 
materials such as lignocellulose to enhance 
their availability for enzymatic action 
(Bhatia et al., 2017). The chemicals used 
in pretreating organic wastes include acid, 
ions, alkali and ozone (Chandra Rajak & 
Banerjee, 2016). Vinegar components, 
HCl (Hydrochloric acid) and carboxylic 
acid have been employed to bioconvert 

organic matter into carbohydrates (Maurya 
et al., 2015). The development of 
secondary features  in  addition  to  
carbohydrates  seems  to  be  the  major  
downside  of chemical treatment. 
Lignocellulosic biomass was digested to 
form simple sugars following acid 
addition, which then deteriorated, 
producing other compounds (Jönsson & 
Martín, 2016). Such by-products can be 
harmful to bacteria and create a variety of 
oxidative stress, which destroy cells and 
limit the chemical approach (Allen et al., 
2010). In commercial settings, diluted acid 
is preferably used, performed at an 
elevated temperature for a limited duration 
and vice-versa (Sindhu et al., 2011; 
Taherzadeh & Karimi, 2008). Another 
chemical substance used in pretreating 
complex organic waste is alkali (NaOH, 
Ca(OH)2, KOH, NH4OH) at room 
condition. The chemicals successfully 
decompose lignocellulose and increase 
enzymatic availability (Chang & 
Holtzapple, 2000). Similarly, other 
chemicals such as ozone that involve the 
oxidation of organic matter are effective in 
waste treatment. Ozone targets 
heterocyclic groups, leaving lignocellulose 
unaffected. However, water activity and 
material type could limit ozone 
effectiveness (Maurya et al., 2015). 
Organic salts containing cations and 
anions components had been known to 
assist in pretreating complex wastes. For 
example, salt of chloride and oxide were 
found by various researchers to be 
involved in wastes treatment (Viell et al., 
2016; Reddy, 2015). The side products 
formed in this method may be harmful and 
non-biodegradable, which could cause 
long-term problems; thus, there is a need 
for safe pretreatment methods, and 
microbial usage may be a better option. 

Microbiological Approach 
This approach involves the microbial 
breakdown of agricultural wastes before 
biobutanol production. Microbiological 
approaches are often environmentally 
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sustainable compared to previously 
discussed techniques, and different 
microbes can be used in this method 
(Bhatia et al., 2017). Shirkavand and 
colleagues (2017) study confirmed the 
usage of fungi in the pretreatment of 
organic matters (radiata pine). However, 
fungi can digest lignocellulosic biomass, 
but they are less effective on only 
cellulosic materials (Sánchez, 2009). In 
addition, various researchers found that 
microbes (fungi) could promote the 
enzymatic breakdown of lignocellulosic 
wastes (Kumar et al., 2009; Maurya et al., 
2015). Although many bacteria (Bacillus) 
were documented for bioconversion 
complex organic matter, microbes do not 
really promote enzymatic action on 
lignocellulosic materials (Masran et al., 
2016). Hence, the combination of fungi 
and bacteria could be employed to 
improve the treatment of biomass. 
Enzymatic activity plays a vital role in 
degrading lignocellulosic materials 
(Plácido & Capareda, 2015; Masran et al., 
2016). The microbial method takes longer 
and needs a wide surface area, making the 
technique not appealing for commercial 
use (Agbor et al., 2011). A combination of 
approaches while maintaining standard 
procedures would enhance the proper 
pretreatment of organic wastes regarding 
the evidence supplied for biobutanol 
production (Figure 1). 

Synthesis of Biobutanol 
Biobutanol is a type of biofuel that may be 
utilised in place of petroleum. Biobutanol 
has a comparable energy value to 
petroleum and may be employed without 
any alteration in machines (Kumar et al., 
2009). Biobutanol is insoluble in H20 
(water), is simple to use, and maybe 
blended with petrol prior to usage (Dürre, 
2007). However, biobutanol produces 
higher carbon emissions when burned, 
limiting its usage (Jin et al., 2011). 
Biobutanol synthesis has been documented 
using a variety of microorganisms and 
renewable sources (Figure 1). The study of 

Komonkiat and colleagues showed about 
14.5 g/L biobutanol synthesis using oil 
palm fluid as just a feedstock for bacteria 
culture (Komonkiat et al., 2013). 
Biochemical modification could stimulate 
microorganisms that do not usually make 
biobutanol to produce it. In another study, 
biofuels were improved by genetically 
engineering bacteria with cellulosic 
genetic materials (Bokinsky et al., 2011). 
Grasses containing ions was used as a 
feedstock for engineered bacteria 
(Escherichia coli), which produced about 
0.03 g/g biobutanol (Bokinsky et al., 
2011). Similarly, researchers demonstrated 
biobutanol synthesis via a coculture of 
bacteria species under anoxic conditions. 
The technique yields about 15 g/L 
biobutanol using rotting plants as the 
biomass (Abd-Alla & Elsadek El-Enany, 
2012). In other studies, microbes have 
been involved in the production of high 
biobutanol ranging from 80 to 100 g/L 
(Sun et al., 2009; Zhang et al., 2016). 
Furthermore, iso-biobutanol is an energy-
rich biofuel that is less flammable than 
bioethanol, with microorganisms involved 
in their production (Atsumi et al., 2008). 
Iso-biobutanol is miscible with petroleum 
because of its decreased oxygen level and 
is made by carbonylating polypropylene 
(Atsumi et al., 2008). Although microbes 
are involved in isobutanol biosynthesis, 
they can’t independently produce it. 
Hence, biochemical modification could be 
employed in microorganisms to create iso-
biobutanol. For example, Lin and 
colleagues used engineered thermophiles 
(bacteria) to produce iso-biobutanol (about 
0.7 g/L) at a high condition (50oC) (Lin et 
al., 2014). Various fungi could stimulate 
enzymatic action that breaks down 
complex organic matter into a simpler 
form, then converted by modified bacteria 
to iso- biobutanol (about 2.0 g/L) (Minty 
et al., 2013). The above evidence implies 
that microorganisms can produce iso-
biobutanol upon modifying the microbes. 
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Figure 1: Flow chart for biobutanol production from agricultural wastes by 

microorganisms 
 
Enhancement of Biobutanol Synthesis 
Engineered bacteria may be created by 
modifying their genes, which would be a 
method to act against potential inhibitors 
of agricultural wastes in biobutanol 
production (Allen et al., 2010). This makes 
the microorganisms more resistant to 
inhibitors while maintaining microbial 
fermentation for biobutanol production. 
Some compound (furfural) are potential 
inhibitor in biobutanol production and 
seems to be more  harmful  than  
others  because  it  causes  
intracellular O2  (Oxygen)  formation, 
which damages essential cellular 
organelles (Bhatia et al., 2016). For 
instance, Miller and colleagues confirmed 
that when this inhibitory compound is 
present, the level of Nicotinamide adenine 
dinucleotide phosphate becomes reduced 
in bacteria because of aldehyde reductase 
activity, which in turn harm 
microorganisms (Miller et al., 2009). 
Removal of aldehyde reductase while 
adding amino acid (cysteine) could 
promote bacteria resistance to 
lignocellulosic biomass inhibitors (Miller 
et al., 2009). Also, scientists have reported 
that overexpression of a specific biological 
catalyst (FuO) could result in a high 
amount of biobutanol synthesis (Zheng et 
al., 2013; Seo et al., 2016). Similarly, 
biochemical stimulation of yeast has been 

demonstrated by researchers using an 
enzyme (G6PD) to ascertain their 
resistance to biomass inhibitor (Gorsich et 
al., 2006). Glebes and colleagues study 
found that genetic engineering of bacteria 
could induce their resistance to potential 
lignocellulosic biomass inhibitor (Glebes 
et al., 2014). This suggests that biobutanol 
synthesis could be enhanced by making 
bacteria resist biomass inhibitors. 
Furthermore, after hydrolysis of complex 
organic substrates, harmful materials could 
pose a health risk to humans (Cavka & 
Jönsson, 2013). Therefore, scientists have 
utilised different techniques (microbial and 
chemicals) to destroy toxic materials after 
biomass hydrolysis (Guo et al., 2013). 
Various studies have confirmed alkaline 
treatments such as calcium and sodium 
hydroxide to remove harmful compounds 
in biomass after hydrolysis (Alriksson et 
al., 2011). In addition, some researchers 
used a liquid recovery technique to destroy 
toxic lignocellulosic biomass compounds 
(Persson et al., 2002). Certain biological 
catalysts (peroxidase) have been reported 
to detoxify harmful materials from organic 
matter (Moreno et al., 2015). Moreover, 
microbes have been found to detoxify 
inhibitory compounds of biomass to 
improve biobutanol production (Nichols et 
al., 2008). This implies that chemicals and 
microbes play a critical role in promoting 
biobutanol production via detoxification of 
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harmful compounds after biomass 
hydrolysis. 
Lastly, lignocellulosic material is really a 
readily accessible substrate that may be 
utilised to make biofuels. Several enzymes 
like glucanases are produced by microbes 
for the hydrolysis of lignocellulosic 
biomass into simple carbohydrates for 
biobutanol synthesis (Lynd et al., 2002). 
For example, the research conducted by 
Lynd and colleagues (2002) proved the 
cellulolytic enzymes are capable of 
hydrolysing large organic substrates to a 
simpler unit, making them available for 
microbial utilization. Another study done 
by Biwas and colleagues (2014) confirmed 
the hydrolytic role of enzymes for 
lignocellulose utilization. However, many 
microorganisms are unable to digest 
and use lignocellulose independently; 
thus, metabolic modification may be a 
feasible option for improving microbial 
performance (Kurosawa, 2014). Some 
scientists have been able to engineer 
microbes to produce biobutanol. For 
instance, Morais and colleagues found that 
metabolically engineered fungi are efficient 
in lignocellulose utilization, yielding about 
0.43 g/g of biobutanol (Hu et al., 2016). 
Another research conducted by Lim and 
colleagues synthesized about 2.0 g/L of 
biofuel using metabolically engineered 
fungi (Kim, Baek, et al., 2013). The above 
evidence indicated that microbes' metabolic 
engineering could improve the synthesis of 
biobutanol via efficient lignocellulose 
utilization. 
Conclusion 
Renewables should safeguard the 
ecosystem and replenish the rising fuel 
consumption. There've been significant 
advancements in designing methods for 
producing first-type biofuels during the 
last 20 years. However, due to energy and 
agricultural product shortages and 
manufacturing costs, first-type renewables 
isn't a viable option. Third and fourth-
type biofuel synthesis is at an early 
stage of development, and additional 

investigation is required to create 
promising techniques. Because organic 
matter could be used as potential 
substrates, scientists have properly 
designed technologies for its utilization, 
second-type renewables like biobutanol 
might be a possible strategy. Perhaps, 
these procedures should be improved. The 
type of lignocellulosic biomass and 
microbes' inability to utilise it are critical 
impediments to producing biobutanol from 
crop residues. Biobutanol synthesis might 
be beneficial from the usage of 
microbiological consortiums. Therefore, 
microbes are essential in biobutanol 
production, which could be enhanced 
through effective substrates utilization, 
genetic and metabolic engineering. 
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