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ABSTRACT 

Overwhelming  the  recalcitrance  of  lignocellulosic  biomass  is  a  vital  step  in  biofuel  production. The   recalcitrance  is  a  result  of  the  crystalline   nature  

of  the  lignin  bound  to  the  hemicelluloses  leading  to  rigidity  of  the  biomass.  The  pretreatment  is  necessary  to  subdue  the  recalcitrance,  separate  the  

cellulose,  hemicelluloses  from  the  lignin  to  expose  the  surface  area  of  the  biomass  and  enhance  solubilization  of  the  hemicelluloses  to  release  sugars.  

It  was  reported  that  pretreatment  with  acid  on  rice  straws  gave  90.8%  sugar  and  with  ammonia  resulted  to  96%  sugar  yield.  Ammonia  pretreatment  

of  Bermuda  grass   with  ammonia  yielded  19.7%  and  22.93%  respectively.  This  paper  reviewed  different  techniques  to  identify  their  merit  and  demerit  

with  respect  to  hydrolysis  and  fermentation.  Also,  look  into  promising  techniques  that  help  to  produce  high  quality  biofuel,  minimize  the  volume  of  

feedstock  utilize.  The  problems  of  these  techniques  will  also  be  reviewed  based  on  the  enzymatic  reaction,  inhibitors  formation,  and  action  on  the  

equipments. 
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I. INTRODUCTION 

The  goal  of  pretreatment  is  to  produce  biofuel  and  chemicals  from  biomass  to  replace  the  gasoline  by  2030  (US  DOE ).  The  potential  of   

biomass   is  to  obtain  energy   and  valuable  chemicals   resulting  from  its  availability,  low  cost,   and  environmental  friendly.  Energy  production  

from  cellulosic  biomass  have  zero  greenhouse  gas  emission  and  a  sustainable  renewable  (Muhammad  and  Saha,  2020).   

One  of  the  key  step  in  processing   biomass  to  fuel  and  chemicals  is  to  depolymerize  the  cellulose  for  high  quality  ethanol  by  enzymatic  

hydrolysis.  The  cost  of  enzymes  to  convert  cellulose  and  hemicelluloses  to  sugar  for  fermentation  process  will  be  higher  compare  to  starch  

hydrolysis  to  glucose.  The  cost  of  the  enzymes,  requires  a  way  of  reducing  its  cost  in  bioprocessing  of  biomass  to  fuels  and  chemicals.  The  

major  challenges  of  wide  acceptance  of  biomass  for  biofuel  is  low  cost  of  technology  to  subdue  the  recalcitrance  of  the  materials  (Zafar,2020). 

Lignocellulose  composed  of  cellulose,  hemicelluloses  and  lignin,  extracts,  pectin,  and  other  inorganic  materials.  The  cellulose  is  a  portion  of  

the  lignocellulosic  biomass  constitutes  30 – 50 %  with  linear  chains  of  homopolymers  linked  by  β- (1-4) glycosidic  bond   (Kumar et  al.,2017).   

Celluolse  is  more  susceptible  to  enzymatic  degradation  in  its  non-crystalline  form.  It  is  packed  into  microfibrils,  stabilized  by  hydrogen  bond 

(Tursi, 2019) and  attached  by  hemicelluloses  and  polymers  of  sugars.It  does  not  dissolves  in  water  except  at  extreme  pH.  Cellulose  has  various  

properties  and  used   as  resources  such  as  fibres,   fuels,  chemicals  etc  (Jedvert  and Heinze,  2017).  

The  hemicellulose consist  of  25 - 40 %  made  up  chains  of  ylogucan  (Sharama et al.,2020).  A  branched  polysaccharides  of  low  molecular  weight  

than  cellulose  with  sugar  residues carrying  different  bonds.  It  readily  decomposed  into  monosaccharides  as  a  result  of  low  degree  of  

polymerization. They are  bound with   hydrogen  and  weak  forces  and  are  soluble  in  alkali  solvents. 

Lignin  an  amorphous  polymer  constitutes  about  15-30%  of   the  biomass ,  containing   p-coumaryl, coniferyl,  and  sinapyl   (Devi  et  al.,  2021) .   

This  is  bound  to  hemicelluloses  resulting  the  rigidity  of  the  biomass,   resistance  against  microbial  attack  and  prevent  enzymatic  hydrolysis.  It  

does  not  take  part  in  fermentation  processses  but  is  used   in  biorefineries  as  fuels,  paper  production  and  to  produce  value  product  such  as  

vanillin  ,  benzoquinone  and  carboxylic  acid  (Garlpati  et  al.,  2020).  The  lignin  can  also  be  converted  to  bio-oil,  methanol  and  syngas  by 

http://www.ijrpr.com/
mailto:solidfoundationdkg@gmail.com


International Journal of Research Publication and Reviews, Vol 5, no 7, pp 3478-3484 July 2024                                     3479 

 

 

thermal  depolymerization  process.  However,  reductive  ploymerization  process  produces  alkozyphenols,  benzyl phenols,  catechols  and  methoxy  

phenols   (Yogalakshmi et al., 2022). 

 

Fig 1  :  Pretreatment  Methods  of  lignocellulosic  biomass 

II. PRETREATMENT  TECHNIQUES 

This  is  the  process  of  changing  the  properties,  structural  and  composition  of  lignocellulosic  biomass  to  enhance  enzymatic  hydrolysis   for  

conversion  to  biofuel  (Amin  et al.,  2017).  It  exposes  the  surface  area  of  the  cellulose  and  makes  it  susceptible  to  microbial  degradation  (An 

et al., 2015).  Hence,  pretreatment  disrupt  the  cellulose  crystals,  remove  the  lignin  to  improve  the  solubilization  of  the  biomass. 

Pretreatment  of  biomass  is  followed  by  enzymatic  hydrolysis  to  produce  sugars  and  fermentation  proceed  to  yield  biofuel  (Zhang et al., 2023).  

Pretreatment  is  very  important  prior  to  enzymatic  hydrolysis  and  fermentation.  Cellulose  and  hemicelluloses  are  broking  down  to  simple  sugar  

either  by  enzyme  or  acid  hydrolysis.   However,  there  has  been  search  for  microbes  capable  to  ferment  glucose  and  xylose  to  useful  chemicals  

(Bhurat et  al.,  2023). 

An  effective  pretreatment  should  be  cost  effective,  minimize  formation  of  inhibitory  compounds,  and  improve  the  percentage  of  cellulose  

degradation  for  hydrolysis  (Sun  and  Cheng,  2002). 

a. Goals  of  Pretreatment 

The  goal  of  pretreatment  is  to  enhance  reaction  of  cellulose  and  hemicelluloses  to  increase  sugar  yield.  This  involves  solubilization  of  

cellulose,  prevention  of  degradation  of  sugars  from  hemicelluloses  and  minimise  formation  of  inhibitors.  Moreso,  ability  to  recover  lignin  for  

conversion  into  valuable  products,  minimize  heat  and  provide  cost  effective  of  the  equipment 

Table  1  :  Significance   for  various  treatment  of   biomass (Alvira  et  al.,  2010) 

Common  pretreatment Main Objectives  

Physical pretreatment (comminution)    reduce  biomass size,  

 Increase  surface  area  

Acid pretreatment   Solubility  of   the hemicellulose  

 

 

Alkaline pretreatment   Delignification  

Thermal pretreatment    Mechanically – separation of fibers due to explosive 

decompression  
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Microwave-assisted-alkaline pretreatment   Improve the effect of alkaline pretreatment 

(delignification)  

 

Biological  Pretretment                               Degrade  lignin  and  hemicelluloses   

Pretreatment  can  be  categorize  into  physical,  chemical,  physiochemical  and  biological.  Physical  pretreatment  involves  breakdown  of  biomass  

sizes  and  crystallinity  by  milling,  grinding  or  chopping  and   the  energy  required  depend  on  the  sizes  of  the  biomass.  Biological  pretreatment  

involves  the  use  of  microorganism  mostly  fungi  to  degrade  lignin  and  hemicelluloses  and   the  cellulose  unaffected  (Zhang et al.,2023).  The  

process  required  mild  condition,  low  cost  and  low  rate  of  hydrolysis.  Effort  is  on  in  combining  this  method  with  other  pretreatment  and  

developing  a  new  hybridized  microorganism  for  rapid  hydrolysis  (Zhang et al., 2023).  

 

Fig  2 :  Pretreatment  of  lignocellulosic  biomass 

b. Chemical  Pretreatment 

This  pretreatment  aims  at  disrupting  the cell  plant  to  yield  sugars  and  convert  it  to  biofuel  and  other  valuable  products  (Oyedeji et  al., 2020). 

Acid   

This  involves  the  use  of  concentrated  and  dilute  acid  to  break  the  lignin  structure  of  the  biomass. Acid  pretreatment  does  not  have  much  

effect  on  lignin  but  only  on  the   polysaccharides. However,  it  makes  the  enzymes  more  accessible  to  the  cellulose. The  drawback  is  formation  

and  cost  of  inhibitors  removal  (Rezania  et al., 2020).  Concentrated  acid   is  corrosive,  increase  production  cost,   and  also  produce  unwanted  

products  from cellulose  degradation.   Dilute  acid  requires   to  increase  in  rate  of  reaction,  and   can  be  improved  by  raising  the  temperature  of  

the  process.  Hence,  less  inhibitors  is  formed  and  low  yield  of  sugar. 

Weak  acid  such  as  dicarboxylic  acid  is  better  as  it  is  less  toxic  to  microorganism  than  the  concentrated  acid.   Other  weak  acid  such  as  

organic  acids   for  the  pretreatment  purposes  and  cellulose  degradation   which  does  not  hamper  glycolysis.  The  main  advantage  is   production  

of   less  amount  of  inhibitors  and  no  odour  is  produced. 

 For  example,  tetraoxosulphate  vi  acid  for  pretreatment  of  switch grass  (Digmanet al., 2010),  yield  high  sugar  concentration.  Dilute  acid  at  

higher  temperature  lead  to  formation  of  furfural  as  inhibitors.  This   process  results   into  the  disruption  of  intermolecular  forces   of  hemicelluloses.   

Li et  al., (2019),  implores  using  acid   such  as  trioxonitrate v  acid at  a  temperature  condition   on  the  biomass,   break  the  hemicelluloses   thus  

increasing    the  biomass  porosity.  However,  it  requires  adequate  materials,  corrosion  of  reactors.  Wang et al., (2013),  sugar    is  maximize  using  

a  two  stage  dilute  tetraoxosulphate  vi  process,  15%   of tetraoxosulphate  vi  acid  on  Bermuda grass  and  rye  straw  yield  19.71%  and  22.93%   

reducing  sugars.    Saha  et  al.,  (2020),   reported  76%   of  sugar  yield  on  acid  wheat  straw  and on  rice  hull  60%    of  sugar  is  obtained.  

Marzialatti et al., (2008)  utilize tetraoxosulphate  vi  acid,  trioxonitrate  v  acid  and   trioxophosphate  acid    to  enhance  75%  yield  of  sugar  and  

inhibitor  such  as  furfural,  hydroxylmethylfurfural  are  produced. 
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Alkaline  Treatment 

This  type  of  treatment  is  very  effective  for  solubilization  of  cellulose  . The  main  advantage  is  that   it  can  be  recovered.  However,  this  

pretreatment  is  less  productive  for  hard  wood. The  Alkaline  solutions  are  mostly  for  delignification  and   make  the  hemicelluloses  and  cellulose  

available  for   hydrolysis.  This  method  removes   lignin  without  reduction  in carbohydrate  content  and  improves  enzymatic hydrolysis.  . The  main  

setback  is   time consuming  ( Razenia  et  al.,  2020).    

This  involves  the  use  of  hydroxide  of  sodium,  potassium,  calcium,  and  ammonia  to  degrade  polymers  resulting  in  structural  alteration  of  

cellulose,  hemicelluloses  and  lignin  ( Cheng et al., 2010).  The  disruption  of  the  lignin  enhance  accessibility  of  enzyme  to  cellulose  and  

hemicelluloses.  Sun  and  Cooker  (Lynd et al., 1999),  shows  that  60%  of  lignin  is  removed,  80%  of  hemicelluloses  on  using  15%  sodium  

hydroxide  on  wheat  straw.  Zhao  et  al.,  (2010),  give  rise  to  26%  of  lignin  removal  using  calcium  hydroxide.  The  advantage  of  using  alkaline  

is  that  it  is  costlier.  Alkaline  can  be  combine  with  wet  oxidation,  steam  explosion,  ammonia fibre explosion  for  improved  sugar yield  of  sugar  

from  switch  grass. 

Solvent  Pretreatment   

This  method  uses  organic  solvents such  as   alcohol,  esters,  amine,  propionoic  acid,  Phenols,  formaldehyde  etc   (Das et al., 2021).   This  method  

is  mostly  used  because  it  can  disrupt  and  separate  biomass  lignin, cellulose, and  hemicelluloses  with  high  purity.  The  method  is  expensive  

and   thus  making  it  not  economically  viable.   (Joy and Krishna, 2020).  

The  method  using  Organosolv   

This  requires  solvents  like  acetone,  alcohol,  with  inorganic  acid  such  as   (HCI,  H2SO4 ).  Phosphoric  acid  and  some  salts  are  used  as  catalyst 

(Borand  and  Karaosmanongn,  2018)  to  eliminate  the  lignin,  hemicellulose ,  and  increase  surface  area . This  method  is  very  effective  but  the  

disadvantages  is  that  it  leads  to corrosion,  neutralization  and  removal  of  solvent.  However,   high  energy  consumption,  high  combustion,  makes  

the  method  to  take  place   at   a  regulated  condition  (Borand   and  Karaosmanogln, 2018). 

Ionic  liquids  

These  are  salts  of  ammonium,  disodium,  phosphonium,  pyridinium,  pyrrolidinium, and  sulfonium  which  are  used  to  open  the  cellulose  and  its  

conversion  to  glucose. The  main  challenges  of  using   ionic  liquids  includes  high  price,  production  of  much  waste,  difficulty  to  recover  the  

solvent,   much  energy   is  needed and  non-toxic  (Asim et al., 2019). 

This  involves  dissolving  biomass  in  solvent  at  room  temperature  for  a  period  of  time.  The  biomass  is  precipitated  before  enzymatic  hydrolysis.   

It  reduces  degree  of  polymerization,  and   structure  of  lignin,  hemicelluloses  altered.  Nguyen  et  al., ( 2010)  result  in  97%  conversion  of  

cellulose  to  glucose.  Lenzing  et  al.,  (2007)   obtained  over  99%  of  solvent  recovery  at  low  temperature.   

Method  of  Deep  Eutectic  Solvent 

This  is  a  recent  pretreatment  method,  composed   of  different  liquids  at  temperature  lower  than  1000 C   to  form  an  eutectic  mixture  linked  

with  hydrogen  bond.   There  is   low  cost  of  synthetic  technology  and  biodegradability.  Deep  eutectic  solvent  is  less  expensive  and     produces  

few  toxic  compounds.  It   is  biodegradable  and  easily   recovered.  (Yoon et al., 2022). 

Method  of  using  Natural  Deep  Eutectic  Solvents 

Organic  acid    have  been  converted  into  the  different  eutectic  solvents  which are  less  expensive,  easy  to  produce,  eco-friendly  and  biodegradable.  

Lignocellulosic  feedstock  pretreatment  with  NADES  reagent  is  highly  specific  for   lignin  solubilization  and  production  of    high  purity  lignin  

from  agricultural  waste  (Kumar  et  al.,  2019).   The  method  has  the  ability  to   extract   natural  products,  but   has  a  drawback  of   high  viscosity. 

Oxidative  pretreatment 

This  type  of  pretreatment   is  oxidation  and  several  reactions  occur  during  the  process  which  leads  to  delignification,  and  exposing  the  biomass   

surface  area (Den  et al., 2018).  Disadvantages  of  this  pretreatment  is  that  the  hemicellulose  is  damaged,   making  it  unavailable  for  fermentation. 

This  utilizes  oxygen  as  oxidants  to  biomass  disruption  at  low    and  high  temperature.  The  low  temperature  is  hydrolysis  reaction  while  the  

high  temperature  is  oxidation  reaction.  During  wet  oxidation,  lignin  is  decomposed  into  water,  carbon dioxide,  carboxylic acid.  Amount  of  

lignin  removed  from  50%  to  70%  depending  on  the  types  of  biomass.  For  bagass,  80%  of  lignin  resulted  to  57%  conversion  to  sugar  yield.  

Combining  wet  oxidation  with  other  pretreatment  reduces  formation  of  inhibitors  and  other  by-products.  Georgiera et al., (2008)  obtain  75%  

cellulose  conversion  to  yield  68%  ethanol  yield. 
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Ozonolysis 

This  process  utilizes  ozone  to  break  lignocelluloses  biomass  lignin  without  affecting  its  composition  (Kumar  et  al.,  2019).  The  merit  is  that  

the  reaction  take  place  at  ambient  temperature.   The  inhibitors  produced  is  carboxylic  acid  which  can  be  removed  easily.  The technique  is  

very  expensive  due   of  high  costs  of  the  oxidant  (Dey et al., 2020).    

SPOR  Pretreatment 

SPOR  pretreatment   is  a  method  used  for  the  effective   biomass  pretreatment  (Xu  et  al.,  2019).  This  involves  treating  with  sulphite  of  metals  

and  using  disk  miller.  This  open  the  biomass,  thus  produces  less  inhibitors.  It  is  versatile,  efficient  and  simple.  It  reduces  energy  consumption  

and  can   easily  convert   biomass  to  glucose. 

c. Biological  Pretreatment 

Despite  the  harsh,  cost ,  energy  consumption, and  generation  of  fermenting  inhibitors  of  chemical  pretreatment,  biological  method  is  mild  and  

environmental  friendliness.  It  requires  the  use  of  microorganism,  mainly  fungi  to  degrade  the  lignin  anaerobically (Rafeenia  et al., 2018).  The  

parameters  affecting  the  treatment  are  varieties  of  microbes,  size  of  biomass,  and  process  conditions (Usmani et al., 2021).  The  advantages   are  

low  energy  input,  zero  chemicals,  minimal  inhibitors  and  environmentally  friendliness.  The  major  drawback  is  that  it  required  large  space,  

the  reaction  is  slow  to  monitor  the  growth  of  microorganism  and  its  activities  (Ummalyma et al., 2019).  

III. Strategies for Pretreatment Techniques  for  Optimized  Bioethanol  Production 

The  pretreatment  required  much  energy  for  biomass  processes,  for  effective  and  low  cost  bioethanol, the  pretreatment  process  must  be  

optimized (Rajesh et al., 2021).  However,  a  pretreatment  with  low  energy  consumption  must  be  adopted  so  that  the  bioethanol  production will  

be  economical,  feasible  for  a  greener  future (Karitha et al., 2023).  Thus,  the development  of  a  concept  on  technologies  in  the  biorefinery  for  

effective  valorization  of  all  the  components  of  the  lignocellulosic  biomass for  cost  effective  bioethanol (Gandam et al., 2022).  This  development  

will  make  bioethanol  process  more   economically  sustainable.  

There  is  need  for  adoption  of   use  of  integrated  enzymes  production  technology,  low  cost  of  raw  materials  as  a  source  of  enzyme  synthesis  

through  bioengineering  in  biological  pretreatment (Malik et al., 2022). Thus,  the  synthesis  will  require  minimal  operation  cost,  low  biomass,  as  

well  as  less  use   or  zero  utilization  of  chemicals,  would  help  in  the  development  of  low -cost  bioethanol. Moreso,  utilization  of  less  toxic  

chemicals  is  an  innovative  integration  process  that  lowers  the  overall  cost  of  production 

In  addition,  there  are  some  problem  that  emanate  in  the  course  of  production  process  which  has  not  being  addressed  such  as  formation  of  

inhibitors,  reduce  efficiency  of  the  hydrolysis ,  production  and  cost  of  waste  disposal,  low  fermentation  efficiency,  high  energy  requirement,  

and  chemical  usage  should  be  put  into  consideration  for  effective  and  low-cost  optimized  bioethanol  production. 

 

Figure 3:  Advantages and disadvantages of various pre-treatment procedures 
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Combination  of  biological  pretreatment  with  other  techniques  enhances  high  yield  of  biofuel  and  added  value  chemicals.  Biological-alkaline  

enhances  delignification  of   biomas, reduces  the  chemical  used  , lowering  the   time  and    temperature.  Thus,  reduce  the  operation  cost  (Si et 

al., 2019).  This  results  may  lead  to  high  loss  of  carbohydrate  content.  Biological-acid  pretreatment  improves  the    solubility  of    the  

hemicelluloses,   decrease  toxic  compounds.  Thus,   it  increases  sugar  yield  as  well  as  ethanol  production (Yan et al., 2018).  Biological-oxidative  

implores  using   white-fungi  and  oxidizing  reagent  e.g  hydrogen  peroxide  on  the  biomass.  This  shortens  the  time   and  increase  biomass  

delignification  with  no  inhibitors  produced.  Thus,  high  sugar  yield  and  very  effective. which  results  in  higher  sugar  yield   (Paudel et al., 2017). 

Biological-organosolv  pretreatment  is  basically  for  wood  waste. This  enhance  increase  in    sugar  production  and  large  amount  of  biomass  

component (Xie et al., 2017).  Biological-Liquid hot  water  method  enhances  high  glucose  yield  owing  to  enzyme  activity  (Li et al., 2022)  

Biological-steam  explosion  pretreatment   increases  the   sugar  yields   compared  to   the  steam  explosion. This  combination   raise  the  energy  use 

,  costs  of   the  process  and  removes  the  toxic  compound  in  the  biomass.  The  combined    pretreatment  methods  are  very  efficient  and  cost  

effective  (Leonard et al., 2021).  However,  there  are   further  improvement  on  step   to  reduce  the  limitations  of  utilization  of   biomass  and  

making   the  production  of  bioethanol  more  sustainable   (Ho et al., 2019).  

IV. CONCLUSION 

Lignocellulosic  biomass  is  a  potential  feedstock  for  sustainable  energy  generation  due  to  its  abundance,  low  cost  and  eco-friendly.  The  use  

of  chemical  pretreatment  to  enhance  biomass  delignification  is  relatively  high  for  enzymatic  hydrolysis.  It  is  simple,  cheap,  and  have  a  good  

yield  but  large  adverse  effect  on  the  environment.  Although,  biological  technologies  are  friendly,  low  energy  consumption,  zero  chemicals  but  

the  reaction  is  slow  and  specific.  Combination  of  chemical  and  biological  pretreatment  have  been  reported  to  obtain  high  yield  of  sugars  and  

quality  biofuel.  It  is  a  better  combination  option  to  obtain  clean  biofuel  and  reduce  production  cost. 
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