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Abstract Corn straw, lignocellulosic biomass, is a potential substrate for microbial production
of bio-butanol. Bio-butanol is a superior second generation biofuel among its kinds. Present
researches are focused on the selection of butanol tolerant clostridium strain(s) to optimize
butanol yield in the fermentation broth because of toxicity of bio-butanol to the clostridium
strain(s) itself. However, whatever the type of the strain(s) used, pretreatment process always
affects not only the total sugar yield before fermentation but also the performance and growth of
microbes during fermentation due to the formation of hydroxyl-methyl furfural, furfural and
phenolic compounds. In addition, the lignocellulosic biomasses also resist physical and bio-
logical attacks. Thus, selection of best pretreatment process and its parameters is crucial. In this
context, worldwide research efforts are increased in past 12 years and researchers are tried to
identify the best pretreatment method, pretreatment conditions for the actual biomass. In this
review, effect of particle size, status of most common pretreatment method and enzymatic
hydrolysis particularly for corn straw as a substrate is presented. This paper also highlights
crucial parameters necessary to consider during most common pretreatment processes such as
hydrothermal, steam explosion, ammonia explosion, sulfuric acid, and sodium hydroxide
pretreatment. Moreover, the prospective of pretreatment methods and challenges is discussed.
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Introduction

The global depletion of fossil fuel resources, concerns of global climate change and increased in
number of vehicles reveals the necessity of alternative of fossil fuel, particularly in developing
countries [1–5]. The production of liquid transportation fuels from renewable biomass has been
a long-standing research goal due to its renewability and abundant in places where other liquid

Appl Biochem Biotechnol (2014) 172:840–853
DOI 10.1007/s12010-013-0548-9

N. R. Baral : J. Li (*) :A. K. Jha
State Key Laboratory of Urban Water Resource and Environment,
School of Municipal and Environmental Engineering, Harbin Institute of Technology,
73 Huanghe Road, Harbin 150090, People’s Republic of China
e-mail: jianzhengli@hit.edu.cn

N. R. Baral
Department of Mechanical Engineering, Pulchowk Campus, Institute of Engineering,
Tribhuvan University, Kathmandu, Nepal



fuels, mainly petroleum and its by-product are not easily available [6]. Materials corrosion and
moisture absorbing properties of ethanol hinders its use in the existing fuel distribution
infrastructure. However, ethanol as made from corn or sugar cane has a satisfactory energy
density and can be produced from a variety of biomasses at excellent yields [6]. To eliminate the
above problems, bio-butanol could be one of the most capable biofuels because of its high
energy content, low miscibility with water, can be transported through existing pipeline
infrastructure, and low volatility with the potential to meet the needs of sustainable and green
energy systems [7–13]. In addition, energy content of 1-butanol (27 MJ/l) is similar to that of
gasoline (32 MJ/l) and can replace gasoline without any modification of the current vehicle and
engine technologies [7–9, 13, 14]. Butanol can be produced by Clostridium acetobutylicum
and/or Clostridium beijerinckii that can utilize glucose, galactose, cellobiose, mannose, xylose,
and arabinose released from agricultural residues [15].

Most abundant renewable resource on the planet, lignocellulosic biomass as corn straw,
has great potential to contribute to meeting the alternative energy demand [1, 2, 5, 8, 15].
Agricultural residue is mainly composed of cellulose, hemicellulose, and lignin, where
cellulose fibers are surrounded by a hemicellulose and lignin matrix [4]. Researchers are
focused on the use of agricultural residue as a feed stock, clostridia culture for fermentation
and developing effective bioconversion processes [7, 10, 12, 16]. However, the main barrier
to the production of the butanol is lignin content on biomass, which cannot be used by the
solventogenic clostridia [16]. A pretreatment step is essential before fermentation to over-
come lignin barrier and liberate the sugars that can be easily utilized by microbes [5].
Pretreatment process changes the structure of biomass that increases enzyme accessible
surface area and reducing the degrees of polymerization of biomass [17, 18].

Large number of pretreatment process such as physical (hydrothermal, high pressure
steam explosion, milling, and grinding), chemical (acid, alkali, oxidizing agents, organic
solvents, and ammonia fiber explosion), biological (fungi, actinomycetes, and bacteria), as
well as a combination of these pretreatment approaches have been investigated on a variety
of feed stocks [3, 19–22]. Among them, hydrothermal, steam explosion, ammonia, sodium
hydroxide, and sulfuric acid pretreatment are widely used in present researches. Hydrother-
mal pretreatment can be considered as an eco-friendly green pretreatment process because it
contains lignocellulosic feed stock and water only [23]. To increase effectiveness of steam
pretreatment, acid is used as a catalyst that increases hemicellulose recovery and the
enzymatic hydrolysis [2]. It is one of the efficient pretreatments for corn stover [1].
Generally, the alkaline pretreatment as NaOH and ammonia are widely used to remove
lignin without significantly carbohydrate loss [4, 5, 12]. Besides these, other alkaline
pretreatments as calcium hydroxide, potassium hydroxide and sodium hydroxide in combi-
nation with hydrogen peroxide are also used for hardwood, herbaceous crops, and agricul-
tural residues pretreatment [24]. Furthermore, sulfuric acid is one of the most utilized
chemical pretreatment in the last decade. Recently, oxalic acid is also considered as an
alternative to sulfuric acid [25]. However, oxalic acid is more expensive on a weight basis in
comparison to sulfuric acid. Single pretreatment method may not be sufficient for enzymatic
hydrolysis, although it can be enough for improvements in structure [26]. Proper choice of
pretreatment process is crucial because this upstream process is also rendered the down-
stream microbial and enzymatic processing [2, 18]. The production of hydroxyl-methyl
furfural, furfural and phenolic compounds during pretreatment process severely affects the
performance of butanol fermentation process using clostridia species [3, 9, 10, 18]. Beside
this, the pretreatment process also plays a vital role on economic production butanol as well
as animal feed [20, 27–29]. The general flow chart of butanol production along with ongoing
strategic efforts on pretreatment is shown in Fig. 1.
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The main objective of this review is investigating contemporary status of pretreatment
process particularly for corn straw and investigates the influence of process parameter on
sugars production. In addition, the effect of biomass size and progress in enzymatic
hydrolysis are discussed. Finally, the prospective of pretreatment for butanol production
from corn straw as a substrate is also highlighted.

Structure and Choice of Lignocellulosic Biomass

Lignocellulosic biomass, agricultural residue, is composed of mainly cellulose, hemicellu-
loses and lignin along with smaller amounts of pectin, protein, extractives, and ash [19, 30].
In addition, the ratios between various constituents within a single plant vary with age, stage
of growth, and other conditions [19]. Cellulose is the predominant polymer in lignocellulosic
biomass and it consists of long homopolymer of β-(1,4) glycosidic bond linked D-glucose
units. Cellulose molecules are arranged into thin hair like strands called microfibrils. These
microfibrils are arranged in a mesh like pattern along with hemicelluloses and lignin, which
link them together and help strengthen the plant cell wall [19, 30]. Fermentable D-glucose
can be produced from cellulose through the action of either acid or enzymes breaking the
β-(1,4) glycosidic linkages [19].

Hemicellulose has branches with short lateral chains consisting of different sugars such as
pentoses (xylose, rhamnose, and arabinose), hexoses (glucose, mannose, and galactose), and
uronic acids (e.g., 4-omethylglucuronic, D-glucuronic, and D-galactouronic acids) [19, 30]. In
contrast to cellulose, the polymers present in hemicelluloses are easily hydrolysable [19].
Lignin is a complex, larger molecular structure containing cross-linked polymers of phenolic
monomers. It is present in the primary cell wall, imparting structural support, impermeability,
and resistance against microbial attack. Three phenyl propionic alcohols exist as monomers of
lignin: coniferyl alcohol (guaiacyl propanol), coumaryl alcohol (p-hydroxyphenyl propanol),
and sinapyl alcohol [19, 30]. Alkyl-aryl, alkyl-alkyl, and aryl-aryl ether bonds link these
phenolic monomers together [19, 30]. Figure 2 reveals cellulose, hemicelluloses, and lignin
of most common lignocellulosic agricultural residue [1, 2, 19, 23, 24, 30–32].

Agricultural residue with high cellulose and hemicelluloses content as well as low lignin
content is most favorable for butanol production. Barley straw has low lignin content and
obvious choice; however, single parameter cannot be used to decide the best substrate. Choice
of best substrate is highly influenced with its cost and pretreatment process. Particularly for
Nepal, China, and some other agricultural countries, corn stover is the most important substrate
of bio-butanol due to high concentration of cellulose and hemicelluloses as well as economic.

Enzymatic hydrolysis

Lignocellulosic biomass Dry Milling/grinding

Pretreatment

Clostridium FermentationButanol and byproducts

Present researches 
are focused on low 
cost substrate. 
Corn stalk may be 
one of the possible 
options.

Very few researchers 
considered particle 
size as an important 
factor for economic 
production of 
butanol.  

Most of researchers are used 
sulfuric acid pretreatment process
for butanol production along with 
steam explosion, hydrothermal 
ammonia and NaOH pretreatment 
process. Cellulase is widely 

used enzyme 

Fig. 1 General flow chart of bio-butanol production along with ongoing strategic efforts
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Particle Size of Substrate

Size reduction of substrate before pretreatment is essential and an energy intensive as well as
costly process [33]. High efficient heat and mass transfer is necessary for efficient and
effective pretreatment process, which can be obtained from suitable substrate size before
pretreatment. Smaller particle size causes high degradation of hemicelluloses, whereas a
larger particle size may result in overcooked surface part and incomplete pretreatment in
inner part [1]. Therefore, optimized particle size yields more sugars and subsequently
reduces high preparation cost. Table 1 reflects particle sizes of past researches. Based on
our knowledge, besides reference [1], none of the researchers mention about the effect of
particle size on sugars and microbial inhibitors production.

The analysis of results of reference [1] is shown in Fig. 3. The steam explosion
pretreatment at 200 °C for 5 min (Fig. 3) pointed out that glucose yield is increased with
particle size and decreased after particle size of 2cm. The inhibitors of microorganism,
hydroxyl-methyl furfural (HMF) and furfural, are increased slightly initially, almost steady
before particle size of 2 cm and then increased rapidly. It is reported that particle size 2.5 cm
is better for sugar conversion and particle size 1 cm as well as 0.5 cm are better for sugar
recovery [1].

Corn
stover

Corn
stalk

Corn
cobs

Corn
fiber

Wheat
straw

Rice
Straw

Barley
straw

Cellulose 37 35 45 13 30 47 44

Hemicellulose 31.3 20.8 35 38.8 50 26 27

Lignin 17.8 22.5 15 7.5 15 17 7
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Fig. 2 Structure of common agricultural residue

Table 1 Particle size of corn stalk and corn stover before pretreatment in the existing researches

Substrate Drying method Average size Reference

Corn stalk Air dried at room temperature 5–8 mm [31]

Corn stalk – 2 mm [32]

Corn stalk Air dried at room temperature 2 cm [5]

Corn stover Air dried at room temperature 2.5, 1.5, 1.0, and 0.5 cm [2]

Corn stover – 1–2 mm [34]

Corn stover – 6 mm [24]

Corn stover – 0.84 mm [35]

Corn stover Air dried at room temperature 40 mesh (0.4 mm) [36]

Corn stover – 0.5–2.0 mm [4]
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Status of Pretreatment Processes

The results of different historical research showed that whatever the substrate and bacterial
strain type of pretreatment always affect butanol yield significantly. The agricultural residues
and wastes are composed primarily of polysaccharides that contain six and five carbon
sugars. Prior to the use of these substrates, these feed stocks must be hydrolyzed using a
combination of alkali/acid pretreatment and enzymes [11, 15]. Thus, considerable research
effort has been made towards utilization of lignocellulosic hydrolysate for butanol fermen-
tation [16, 37–41]. The comparative analysis of different pretreatment process is given in
Table 2. Besides these pretreatment (Table 2), ionic liquid pretreatment [42] and microwave
pre-treatment [43] are also used for corn stover.

Among pretreatment processes used for corn stalk, corn straw and corn stover along with
their best known results are presented in Table 3. Consequences of past researches showed
that sulfuric acid pretreatment has the highest sugar yield followed by aqueous ammonia,
steam explosion, NaOH, and hydrothermal pretreatment, particularly corn stover as a
substrate. Almost all pretreatment processes listed in Table 3 are used to cellulase as a major
enzyme for hydrolysis. The selection of best pretreatment for a particular substrate not only
depends on sugar yield but also highly influences by concentration of microbial inhibitors.
Microbial inhibitors depend on time and temperature of pretreatment process.

Effect of Severity Factor (SF) on Common Pretreatment Processes

The relationship between time and temperature of pretreatment process is a severity factor
(SF). This parameter facilitates comparison of a broad range of yield data by coupling the
reaction conditions of time and temperature into a single variable. The severity factor was
defined as [23, 46]:

SF ¼ log10 t � exp TH−TRð Þ
14:75

� �

where t is reaction time in minutes, TH is the hydrolysis temperature in °C, and TR is a
reference temperature, most often 100 °C.

Overend and Chornet developed the first equation of SF in 1987 as reaction ordinate or
severity parameter. It is being used to represent SF since then. Pretreatment conditions can

1

1.2

1.4

1.6

1.8

2

40

50

60

70

80

90

100

0 0.5 1 1.5 2 2.5 3

H
M

F
 a

nd
 f

ur
gu

ra
l, 

g/
10

0g
 o

f 
co

rn
 s

to
ve

r

G
lu

co
se

,
g/

10
0g

 o
f 

co
rn

 s
to

ve
r

Particle size

Total Glucose  HMF and furfural

Fig. 3 Effect of biomass particle size on glucose and inhibitors. This graph is prepared based on result
obtained from steam explosion pretreatment at 200 °C for 5 min. Enzymatic hydrolysis conditions: 1 % glucan
loading (w/v), 60 FPU/g glucan [1]
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be compared combining both pretreatment time and temperature into a single reaction
ordinate using SF.

Steam explosion (SE) is the most extensively studied and commonly applied physicochem-
ical method of biomass pretreatment. An “explosive” action on the fibers is necessary for them
to become hydrolysable biomass is usually treated with high pressure saturated steam at
temperatures of about 160–240 °C and pressures between 0.7 and 4.8 MPa. On the other hand,
the liquid ammonia pretreatment process is usually conducted at a temperature less than 90 °C
and the duration could be up to 10–60 days. At higher temperatures (150–190 °C) the effect of
ammonia is rapid and the duration of pretreatment is reduced to minutes. Figure 4 highlights the

Table 3 Known best result of common pretreatment process

Substrate Type of
pretreatment

Chemical
concentration

Temperature
(°C)

Time (min) Sugar yield Reference

Corn stalk Hydrothermal – 200 20 Xylose: 45 % [32]

Corn stover Hydrothermal – 200 5 Total sugar: 55.3 % [23]

Corn stover Steam explosion – 205 5 Glucose: 87.9 %,
xylose: 55.2 %

[2]

Corn stalk Aqueous ammonia 50 % (w/w) 85 11 Glucose: 85.70 % [5]

Corn stover Aqueous ammonia 29.5 % (w/w) Room
temperature

86,400
(60 days)

Glucose: 97 % [44]

Corn stover NaOH 0.088 g/g
corn stover

116 48 Glucose: 82.32 %
xylose: 79.22 %

[24]

Corn stover H3PO4 0.78 % (v/v) 161.81 9.78 Total sugar: 55.1 % [45]

Corn stover H2SO4 0.98 % (v/v) 140 40 Total sugar, 93 % [46]

Table 2 Comparative analysis of different pretreatment process

Pretreatment
process

Effect on lignocellulosic structure Formation of
inhibitors

Appropriateness Cost

Mechanical
comminution

Reduces cellulose crystallinity Does not produce
inhibitors

All biomass High cost

Steam explosion Hemicellulose degradation and
lignin transformation, however,
incomplete disruption of the
lignin–carbohydrate matrix

Generation of
compounds
inhibitory to
microorganism

All biomass Cost-effective

Ammonia fiber
explosion

Increases accessible surface area,
removes lignin and
hemicelluloses

Does not produce
inhibitors

Biomass with
low lignin
Content

Moderate cost

CO2 explosion Increases accessible surface area
but does not modify lignin or
hemicelluloses structure

Does not produce
inhibitors

All biomass Cost-effective

Ozonolysis Reduces lignin content Does not produce
inhibitors

All biomass Expensive

Acid hydrolysis Alters lignin structure Formation of
toxic substances

All biomass High cost

Alkaline
hydrolysis

Removes hemicelluloses and
lignin, increases accessible
surface area

Low Biomass with
low lignin
Content

Cost-effective

Biological Degrades lignin and hemicelluloses Not known All biomass Low cost
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relationship between glucose and inhibitors yield with SF during steam explosion and aqueous
ammonia pretrement process of corn stover [1, 2, 4, 5, 44, 47–50]. Glucose yield in both
pretreatment processes is decreased significantly after the SF threshold value of 2.58 for
aqueous ammonia and 3.79 for steam explosion. The decrease in glucose reflects the formation
of HMF and furfural as well as other byproduct of exceeding in SF from threshold value.
Aqueous ammonia pretreatment process is considered as inhibitors free treatment process. Thus
formation of HMF and furfural is not reported.

In the case of hydrothermal pretreatment, total sugar yield is increased below threshold
value of SF (3.88) as shown in Fig. 5 [23]. After threshold value of SF total sugar yield is
decreased rapidly first and then slow down its declining rate (Fig. 5). However, there is a
polynomial relationship of inhibitors having R2 value 0.997 with SF, which shows an
increase in inhibitors with SF.

Furthermore, Fig. 6 reveals the relationship between SF, NaOH concentration and
average sugar yield during sodium hydroxide pretreatment of corn stover [24]. Pretreatment
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with alkali such as NaOH, KOH, Ca(OH)2, and hydrazine cause swelling of biomass, which
increases the internal surface area of the biomass, and decreases both the degree of polymeriza-
tion, and cellulose crystallinity. Alkaline pretreatment disrupts the lignin structure and breaks the
linkage between lignin and other carbohydrate fractions in lignocellulosic biomass, thus making
the carbohydrates in the hetero-matrix more accessible. The reactivity of remaining polysaccha-
rides increases as the lignin is removed. However, most of the alkali is consumed. Alkali
pretreatment is most effective with low lignin content biomass like agricultural residues but
becomes less applicable as lignin content of the biomass increases. The analysis of data that are
reported on [24] clearly shows that with increase in NaOH concentration also increased total
sugar yield, however, the threshold value of SF slightly increased from 1.83 to 2.15 when NaOH
concentration increased from 0.007 g/g corn stover to 0.088 g/g corn stover, respectively. In the
both concentration of NaOH, there is a polynomial relationship between total sugar and severity
factor with R2 value greater than 0.9 as shown in Fig. 6. Hence, researcher should always keep SF
below its threshold value to optimize total sugar yield during NaOH pretreatment of corn stover.

Moreover, the effect of SF during sulfuric acid pretreatment of corn stover is presented in
Fig. 7 [2]. In contrast to base higher concentration of sulfuric acid has an adverse effect on
total sugar yield from corn stover [24, 34, 51]. In addition, the concentration of total
inhibitors from sulfuric acid is also greater than NaOH pretreatment as shown in Fig. 7.

The comparison among most common pretreatment processes with SF reveals basic
chemical solution (high pH) is better than acidic (low pH) chemical solution for the
pretreatment of corn stover. Furthermore, proper choice of severity factor along with
concentration is a crucial step for maximum sugar yield and reduces microbial inhibitors.
So, every researcher should be considered SF during all types of pretreatment.

Inhibitors Concentration for Inhibition of Clostridium Strain(s)

Chemical pretreatments of corn straw as discussed above produce degradation products, which
have an inhibitory effect on the Clostridium strain(s), thus reducing acetone-butanol-ethanol
(ABE) yield and productivity. Along with the pretreatment and hydrolysis processes of
lignocellulosic biomass, salts, acetate, furfural, HMF, levulinic acid, formic acid, and aromatic
compounds such as phenolics are formed. Furfural and HMF are produced from pentose and
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Fig. 6 Relationship between SF, NaOH concentration, and average sugar yield; where SF was calculated
using pretreatment temperature and time such as (60 °C, 75 min), (95 °C, 30 min), (95 °C, 75 min), and
(95 °C, 120 min) for 0.07 g NaOH/g corn stover as well as (74 °C, 48 min), (74 °C, 102 min), (116 °C,
48 min), and (116 °C, 102 min) for 0.08 g NaOH/g corn stover [24]
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hexose sugars, respectively. Cell multiplication is inhibited by furfural and HMF at higher
concentrations, however, its low concentrations can be beneficial to fermentation because yeast
of ABE fermentation medium can use them to regenerate NAD+, which ultimately reduces
glycerol production.Weak acids such as levulinic acid, formic acid and acetic acid are produced
from the degradation of mainly hemicellulose and lignin.Weak acids inhibit fermentation either
uncoupling of metabolism or intracellular anionic accumulation. Phenolic compounds, like
vanillin, syringaldehyde, and ferulate are produced from the degradation of lignin, which plays
a vital role to decrease adenosine triphosphate (ATP). The total soluble phenolic compounds
(TPC), furfural, and HMF inhibit cell growth and have remarkable impact on butanol concen-
tration [16, 38, 52].

Furthermore, based on discussion and graphical analysis demonstrated in Fig. 4, 5, 6 and 7,
microbial inhibitors increased with increasing in SF. The level of toxicity depends on many
factors such as type of strain, strain physiological conditions, dissolved oxygen concentration,
and pH of the medium. For example, C. beijerinckii BA101 can tolerate more furfural and
HMF, whereas C. beijerinckii RT66 can tolerate more phenolic compounds in comparison to
other strain(s) [38, 53]. The inhibitory effect of these compounds is higher when they are
present together due to a synergistic effect [54]. Besides this, one interesting thing is that
butanol itself is toxic to butanol producing Clostridium species. Most of the common Clos-
tridium strain(s) effectiveness decline, when concentration of total solvents (ABE) in the
fermentation broth is 20 g/l, of which butanol is only about 13 g/l [9, 10, 13, 38, 55].

Hence, presence of all inhibitors at a time severely affects microbes of fermentation broth
in one and other ways. Several methods have been investigated, ranging from over liming
[41], ion exchange resins adsorption [16], and peroxidase treatment [53] for the removal of
microbial inhibitors. Table 4 reflects widely used Clostridium strain(s), type of inhibitors,
and an indication of allowable concentration for ABE fermentation.

Analysis of effect of inhibitors on fermentation is widely studied in ethanol fermentation;
however, it is limited explored in ABE fermentation. Every researcher should investigate the
mentioned inhibitors to identify allowable concentration as well as its effects. It is obvious
from Figs. 4, 5, 6, and 7 that along with type of pretreatment process SF has a major role in
the formation of such inhibitors. In each pretreatment process, total sugar is maximum at a
particular SF, on the other hand inhibitors formation is polynomial increases in SF.
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Maximization of sugar is the primary objective of every pretreatment process, however,
researchers should look to their corresponding inhibitors in the fermentation broth because
they have also a major impact on ABE yield and productivity.

Prospective of Pretreatment Process and Bio-butanol Production

In China, ABE entrepreneurs are increasingly interested in the utilization of lignocellulosic
biomass, while research progress has remained in a preliminary stage [57]. In fact, the total
solvent concentration in fermentation broth having corn straw/stover as a substrate is usually
around 5–27 g/l as gave in Table 5. Additionally, cell growth and solvent production are
often seriously inhibited by butanol concentrations of over 12 g/l [57].The contradiction
between their low production and high demands gives rise to the necessity of addressing and
solving the problems related to the butanol fermentation process. Now, most of the
researchers have focused on butanol fermentation, however, mechanism of metabolic shift
from acidogenesis to solventogenesis is still unclear. In order to improve butanol production

Table 4 Allowable concentration of inhibitors and corresponding clostridium strain(s)

Common Clostridium strain Average maximum allowable concentration [g/l] References

HMF Furfural TPC Soluble lignin Salt (NaCl)

C. beijerinckii BA101 1.98 1.98 – – 5 [38]

C. acetobutylicum ATCC 824 – – – 1 – [24, 53]

C. beijerinckii P260 – – – – 1.98 [16]

C. acetobutylicum P262 – – – – 0 [56]

C. beijerinckii IB4 – – 1.2 – – [16, 35, 52]

C. beijerinckii RT66 – – 1.9 – – [16, 35, 52]

Table 5 Status of solvent yield from corn straw/stover

Substrate Pretreatment and hydrolysis Inhibitor
removal

Microbes ABE
[butanol]
(g/l)

Reference

Corn stover Heated to 160 °C in a fluidized
sand bath, enzymatic
hydrolysis

Lime treatment C. beijerinckii P260 26.27 [41]

Corn stover SO2-catalysed prehydrolysis,
enzymatic hydrolysis

– C. acetobutylicum
P262

25.8 [58]

Corn stover NaOH-pretreated, enzymatic
hydrolysis

– C. acetobutylicum 206 23.5 [36]

Corn stover Steam explosion pretreatment,
alkaline peroxide treatment,
NaOH, enzymatic
hydrolysis

– C. acetobutylicum
ATCC 824

12.38 [53]

Corn stalk Hydrochloric acid – C. beijerinckii
ATCC 55025

5.1 [59]

Corn straw NaOH, enzymatic hydrolysis – C. acetobutylicum
CICC 8008

[6.2] [60]
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and reduce overall production cost extensive study will be done in substrate pretreatment,
the composition of strain, fermentation process and product recoveries.

In addition, the problem associated with the raw material can be eliminated by cheap and
abundant lignocellulosic biomass such as corn stalk in agriculture. However, the authors are
worried about the solvent concentration of corn stalk, which is one of the lowest solvent
substrate among other lignocellulosic substrates.

The problems associated with pretreatment process can be solved by selection of proper
SF. Biphasic pretreatment, hydrothermal followed by acidic/alkaline pretreatment with
larger particle size (>1 cm) may be another option. Furthermore, biological pretreatment
process should be explored in future researches.

Once the problems associated with pretreatment and bio-butanol fermentation are solved,
then all agricultural based countries like Nepal, China can effectively launch commercial
production of bio-butanol from corn stalk, which ultimately reduces wealth export and help
to decrease fossil fuel crisis.

Conclusion

This paper examined consequences of particle size on sugar and inhibitor production; however,
most researchers are silenced about it. From the limited available information and preliminary
analysis of an ongoing experiment, the authors are believed that 10–15 mm particle sizes may
be more effective for efficient pretreatment because the large particle size ultimately reduced
expensive milling cost. In addition, pretreatment processes like physical, chemical and both
together are widely used for corn straw. Chemical pretreatment, dilute sulfuric acid treatment is
among the most explored pretreatment processes and is one of the foremost options for
application in industrial scales as well. Proper choice of time and temperature, SF, can be
minimized some of the limitation of dilute acid pretreatment. But, acid concentration during
pretreatment is highly sensitive with SF, the environmental impacts of the process, especially
waste disposal, and preliminary results of an ongoing investigation to hinder the choice of
sulfuric acid pretreatment particularly for corn straw. The analysis of past researches also
showed that alkaline pretreatment as NaOH and aqueous ammonia treatment will be helpful
for pretreatment of corn straw with proper SF. Furthermore, alkaline pretreatment decreased
lignin barrier and increased the accessible surface area, which is more applicable for enzymatic
hydrolysis. Moreover, research and development are essential to select proper pretreatment for
corn straw that will enhance microbial fermentation of bio-butanol. Such researches ultimately
transform huge amount of worldwide corn straw into bio-butanol effectively and efficiently.
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