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Abstract - The agricultural waste comprises of lignocellulose which is a natural source of organic matter. Breakdown of 
biomass to form monomeric subunits will be a boon to the production of fuels, biopolymers and many more. Different 
varieties of residues liberate different amount of energy on degradation. The varieties of residues include agricultural 
residues, forestry residues and industrial waste which had been reported to liberate 10-66EJ, 3-35EJ and 12-120 EJ of energy 
respectively. Biomass basically comprises of cellulose , hemicelluloses and lignin. Lignin must be removed for first for the 
further degradation of cellulose and hemicelluloses. Bioconversion disrupts the linkage between cellulose-hemicellulose-
lignin. There are existence of different pretreatment methods for maximum degradation of biomass and no single method has 
reported for efficient conversion of biomass to fuel. Pretreatment methods alter the chemical and physical structure thereby 
reducing the complexity in the structure of the biomass. The modification increases the accessibility of the substrates 
towards chemical as well as enzymatic degradation. While it was also found that some inhibitory byproducts formation 
occurs which bind to lignin thus reducing its rate of degradation. Methods including steam treatment, ammonia fiber 
explosion (AFEX) and liquid hot water (LHW) observed to minimize the secretion of inhibitory byproducts. The paper 
focuses on different strategies used for the maximum simplification of the biomass. 
 
Keywords - Lignocellulose, Lignin, Bioconversion, Inhibitors, Ammonia Fiber Explosion, Liquid Hot Water 
 
INTRODUCTION 
 

Biomass is obtained from agricultural left over.  The 
agricultural waste comprises of lignocellulose which 
is a natural source of organic matter. Thus the 
utilization of biomass must be focused for the 
upliftment of the economy as well as for obtaining 
renewable fuel sources.[1] Different varieties of 
residues liberate different amount of energy on 
degradation. The varieties of residues  include 
agricultural residues, forestry residues and industrial 
waste which has been reported to liberate 10-66EJ, 3-
35EJ and 12-120 EJ off energy respectively. [2]  Thus 
these wastes are the potent substrates for the fuel as 
their availability is easy, cheap and abundant. The 
utilization of these sort of residues for the production 
of biofuel will be a boon to the industry and there will 
be a proper utilization of the biomass.[3] 
 
Bioenergy production from biomass completely  
depend on the range of pretreatment as well as on the 
enzymes associated in biomass degradation. Biomass 
basically comprises of cellulose , hemicelluloses and 
lignin. Lignin must be removed for first for the 
further degradation of cellulose and hemicelluloses. 
There are  existence of different pretreatment 
methods for maximum degradation of biomass and no 
single method has reported for efficient conversion of 
biomass to fuel.[4] Many natural inhabitant microbes 
has been reported to ligninolytic enzyme secretor[5] 
The present review article focused on different 
strategies for efficient breakdown of biomass. The 
pretreatment  methods improves the  concentration of 
fermentable sugars which are easily access able for 
further degradation at a faster rate. 
 

BIOMASS COMPOSITION 
 
Biomass is the largest primary energy resource. It is 
produced by the green plants by capturing the solar 
energy and thereby storing this energy in the cell 
wall. Cell wall components include lignin, cellulose 
and hemicelluloses which can be utilized for the 
production of renewable energy has also been 
reported to vary from species to species.[6,7] 
 
Thus biofuel generated has reported to be compatible 
with the petroleum based fuel and has high energy 
content.[8] 
 
The major component of lignocellulose being 
cellulose is an abundant renewable source which is a 
homopolymer of glucose linked by β1-4 linkage. The 
second most is hemicelluloses and is regarded as a 
linking material between cellulose and lignin. Lignin 
is a class of organic polymer that forms the important 
structural materials in the plants.[9] 
 
PRE TREATMENT METHODS 
 
Great varieties of methods have be followed in last 3 
decades for pretreatment. This includes physical, 
chemical, physio-chemical and biological. Physical 
method includes milling and griding, chemical 
include use of acid, alkali and organic solvent.Hot 
water, ammonia fiber explosion and steam extraction 
comes under physio-chemical method while 
biological methods include the enzymes secreted by 
fungi and bacteria.[10-13] 
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The objectives of pretreatment merely include 
increasing the surface area of cellulose for the 
enzymatic digestion, decreasing the crystal formation 
of lignocellulose, solubilization of hemicelluloses, 
loss of sugars must be negligible, minimum formation 
of lignocellulose derived inhibitors. During 
pretreatment there is generation of lignocellulose 
derived product which may have inhibitory effect on 
the normal action of enzyme resulting in decreased 
the concentration of fermentable sugars. Thus the cost 
of bioconversion will be increased.[14,15] 
 
EFFECTS OF PRETREATMENT 
 
The crystalline structure of cellulose results due to the 
formation of the chemical linkages (inter and intra-
molecular) hydrogen bonds in the cellulose result 
decreasing susceptibility for enzymes to degrade. 
While amporphous portion of cellulose can be 
degraded.[16] New methods of pretreatment must be 
designed for reduction of cellulose crystallinity which 
inturn will increase the yield. Qin L has reported that 
enzymatic digestion depends on the surface area of 
cellulose exposed to the enzyme.[17] 
Degree of polymerization of cellulose (DP) is based 
on the number of reducing end also contribute to the 
rate of cellulose hydrolysis. More reducing ends 
depicts low DP are easily accessible for enzyme 
degradation.[18-20] 
Lignin being observed to had a negative effect due to 
pretreatment. Pretreatment results in lignin derived 
compounds whose further degradation by microbial 
fermentation is less promising. Improvement in the 
pretreatment method is desirable for better 
accessibility for further conversion. Modified lignin 
after pretreatment yield a condensed structure.[21-23] 
Hemicelluloses are more liable to be hydrolysed than 
cellulose. On pretreatment  hemicelluloses is 
solubilize thus resulting in improved cellulose 
digestibility and hydrolysis.[24] During pretreatment 
with acids acetyl group is released and further 
deacetylation with acetic acid has been proposed.[25] 
 
PHYSICO –CHEMICAL PRETREATMENT 
 
Extremely studied method is steam explosion which 
decompose the biomass due to abrupt change in 
pressure resulting in breakdown of fibers. The 
method is cost effective with low energy requirement.  
In this method the material are exposed to high 
temperature of 160-260 °C for few second in 
saturated steam. The steam helps to expand the cell 
wall thereby increasing the accessibility of cellulose 
and hydrolysis of acetyl groups present in 
hemicelluloses. [26-30] 
The method has been reported to be effective for 
hydrolysis of cellulose from agricultural residues and 
thereby converting it into monomeric forms. Low 
concentrations of acid supplements are observed to 
beneficial for the treatment. Addition of acid may 

generate inhibitory byproducts which hindered the 
process. [31-33] Liquid hot water is used for 
pretreatment solubilizes hemicelluloses and/or lignin 
resulting in exposing the cellulose for enzymetic 
attack.[33,34] 
Liquid hot water does not require any additional 
catalysis or chemicals with minimum sugar loss and 
take place at moderate temperature. This treatment 
reports to disrupt hemicelluloses and releases acids 
which inturn found beneficial for the hydrolysis of 
oligosaccharides and monomeric sugars. This method 
offers recovery of C5 sugar and less synthesis of 
inhibitory products.[35-38] 
Ammonia fiber explosion utilizes ammonia at high 
temperature of about 90-100°C for approximately 
1min. Both high pressure and ammonia contributes to 
swelling and breakdown of biomass with reduction in 
crystalline portion of cellulose. There is no 
production of inhibitors in this process. This process 
also recommendation for recovery of ammonia as 
well as high recovery of sugars. This process is 
highly profitable for agricultural waste and herbicious 
feedstocks.[39-41] 
 
INHIBITORY COMPOUNDS 
 
The pretreatment methods preferred depend upon the 
type of raw material and on the generation of 
minimum inhibitory products. Most of the 
hemicelluloses and lignin are partially solubilized 
during pretreatment which increases the 
accessibilities of enzymes.[42,43] Inhibitory compound 
are Phenolic compound, organic acids, furans have 
been reported as inhibitory products released. The 
inhibitory products found in pretreatment 
hydrolysates are Phenolic compounds, furan 
aldehyde, carboxylic acids. Phenolic compounds are 
degraded from lignin content and other aromatic 
compounds from the biomass while furan aldehydes 
are produced during the generation of sugar.  
Carboxylic acids are generated upon degradation of 
hemicelluloses and furan derivatives while soluble 
sugars are released from the end products of the 
Lignocellulosic materials.[44-47] 

 
Harsh pretreatment methods reported to produce 
higher concentration of inhibitors.[48] Pretreatment in 
wheat straw by steam explosion method reported  to 
be effected by the change in the size of substrate, 
temperature, concentration of sulphuric acid.[28,30] 
It has been reported that AFEX pretreatment method 
generates very less concentration of inhibitors.[49,50] 

 
Phenolic compounds: 
Degradation of lignin after pretreatment generates 
many Phenolic compounds. The presence of aromatic 
compounds (Vanillin) have been also reported in the 
extracts during degradation. These Phenolic 
compounds are the cellulolytic enzyme inhibitor and 
their presence reduces the cellulosic conversion by 
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26%. Conversion to glucose in presence of p-
coumaric acid and ferulic acid also reported to less 
conversion by 30% and 16% respectively. [51] 
Phenolic compound are more toxic than other 
inhibitors such as furan aldehyde even at low 
concentration. The products are easily penetrable 
through the cell membranes and damage the internal 
structure due to low molecular size. It also results 
decrease cell growth, DNA breakdown and drop of 
potassium levels. [47, 52] 
 
Furan derivatives: 
Degradation of Pentoses and Hexoses produce 
Furfural and 5-Hydroxymethylfurfural upon 
hydrolysates. These inhibitors reported to affect the 
microbial fermentation their by inhibiting cell growth 
and sugar uptake rate. Excessive increase in furan 
inhibits growth rate of microbes in fermentation.a 
synergetic inhibition was observed between lignin 
derivatives, acetic acid and furfural thereby 
decreasing yield.[53-55] 
 
Soluble sugars: 
Inhibitory products include monomeric sugars such as 
cellobiose, glucose generated as ends product after 
cellulose digestion. These products also inhibit the 
functioning of glucosidase and cellobiohydrolase.  
Cellulose hydrolysis had been reported due to the 
presence of xylose, xylan and xylo-oligosaccharides. 
These products block the active sites leading to 
inactivation of the enzymes.[56-59] 
Organic acids: 
Acetic acid, formic acid, lactic acid and levunilic 
acids found in the pretreatment samples observed to 
hindered microbial cell growth by its influx in the 
cytosol of cells and thereby inhibiting cell growth and 
productivity. Lower molecular weight substances has 
been reported to be more toxic as compared to low 
molecular weight compound.[60-63] 
 
DIFFERENT STATEGIES TO OVERCOME 
THE INHIBITION 
 
Inhibitory products are released due to different 
pretreatment methods. The binding of these products 
to the enzymes inactivate the enzyme thereby 
blocking the further degradation. Lignin being 
recalcitrant in nature needed to be damaged and 
removed prior to the enzymatic hydrolysis. 
Development of transgenic biomass with low lignin is 
an alternative to overcome the low degradation 
rate.[64] 
Removal of inhibitory products can be an option. 
Various methods including uses of chemical 
additives, activated carbon treatment, liquid liquid 
extraction, sulfite binding and lignin blocking agents 
can be used. The chemical additives method includes 
aggregate formation, precipitation absorption of 
undesirable compounds from hydrolysates resulting 
in low inhibitor concentration. The efficiency 

depends on the pretreatment condition used, type of 
feed stock and the amount of chemicals used. Bovine 
serum albumin is used as a lignin blocking additive. 
The release of lignin derived compounds and strong 
lignin which are major inhibitory products for the 
activity of enzymes. Furan derivatives, acetic acid 
and Phenolic compound found in the slurry are 
usually binds to activated Carbon. It also been 
reported that activated carbon absorbs the soluble 
pentoses and hexose which normally cause loss of 
fermentable sugars. Ethyl acetate solvent is used in 
Liquid Liquid extraction which can extract 90% of 
acetic acid. Due to the use of additional solvent this 
method is not recommended for industries.[65-69, 46] 
 
Biological detoxification 
Ecofriendly methods are a great alternative against 
the use of harsh chemicals and expensive 
pretreatment methods. Pretreatment using 
microorganism removes Lignocellulosic derived 
inhibitors prior to enzymatic hydrolysis and 
fermentation. Different organisms have been reported 
for having the potential to remove the inhibitors 
which include Coniochaeta ligniaria, Paecilpmyces 
variotii, Urebacillus thermosphaericus and C. 
ligniaria. C. ligniaria has been reported to utilize C5 
sugars in the biologically detoxified hydrolysates. 
The major drawback of this method is the 
requirement of long duration and the adaptation of 
microbes for their proper growth in the slurry. 
Microorganisms must be tolerant to aliphatic acids, 
furans and other small organic molecules.[70-72] 
 
Genetic modifications: 
Recombinant strains are developed to overcome the 
problems faced due to the presence of inhibitors 
during the fermentation. Engineering of some genes 
such as Alcohol dehydrogenase aand transaldolase is 
observed to improve the ethanol yield by increasing 
the fermentation process.  Modified strains have 
reported to target the inhibitors and enhance the cell 
growth.[73] 
 
CONCLUSION 
 
Pretreatment methods for conversion of 
lignocellulose had improved which basically disrupt 
complex structures including cellulose, 
hemicelluloses and lignin. This will enable the 
conversion into monomeric sugars.  Some methods 
results in formation of inhibitors which inhibit the 
enzymatic activity.  As reported by Wuddineh et al in 
2016 that the gene PvKN1 found in Maize found to 
over express which result in increased scarification 
by reducing the lignin content and modifying the 
process of cellulose and hemicelluloses 
biosynthesis.Sodium hydroxide pretreatment effect 
cell division and cell expansion due to the over 
expression of GA 20- Oxidase 1 gene as reported by 
voored et al in 2016. 
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Other methods are also proposed to lower the 
tendency of enzyme binding on lignin which includes 
the use of BSA, Soybean protein, Whey protein and 
bacterial protein. By managing the inhibitors as well 
as optimizing the enzymatic activity can increase the 
breakdown of the biomass. 
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