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ABSTRACT 

Biomass is one of abundance resources in the world. Biomass consists of three main 

materials such as cellulose, hemicelluloses and lignin. Therefore, biomass can be referred 
to as lignocellulosic material. Both the cellulose and hemicelluloses fractions are polymers 
of sugars, and thereby a potential source of fermentable sugars, or other processes that 
convert sugars into products.While lignin is a polymer compound which containsof  
phenolic compounds.  
Biomass can be used in various sectors such as fine chemicals, energy and food. The 
main process in the utilization of biomass is pretreatment process. The aim of pretreatment 
process is separate lignin from cellulose and hemicelluloses. After separation process, 
lignin can be further processed for fine chemical such as surfactant, vanillin and phenolic 
compound. Cellulose and hemicelluloses can be used for bio-refinery. Figure 1 shows the 
utilization of biomass. 

 

 

 

 

 

 Figure 1. Utilization of biomass 
In term of pretreatment process, there are several processes to separate lignin from 
cellulose and hemicelluloses. The common process is alkaline and acid extraction with 
conventional heating (water bath and autoclave).  The conventional heating has several 
disadvantages such as long time process and high energy demand. At the present time, 
there are a number of non-conventional pretreatment processes to increase the efficiency. 
In this paper will review two intensification pretreatment process using microwave and 
ultrasound.  

 

Microwave Assisted Pretreatment 

Microwaves are electromagnetic fields in the frequency range 300 MHz to 300 GHz 

or between wavelengths of 1 cm and 1m. These electromagnetic waves made up of two 

oscillating perpendicular fields: electrical field and magnetic field (Jain et al., 2009). 

The mode of energy supply for the fractionation of lignocellulosic biomass is 

important, and it may also affect the yield and overall efficiency of the fractionation 

process. Microwave heating is an efficient method of energy supply for the treatment of 

biomass for the production of high-value products from it(Kurian et al., 2015). 

The efficiency of microwave assisted depends on the dielectric properties of 

materials. There are two dielectric properties of material dielectric constant (ε’) and 

dielectric loss factor (ε’’). The dielectric constant describes the polarizability of the 

molecule in an electric field. The dielectric loss factor measures the efficiency with which 
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the absorbed microwave energy can be converted into heat.The loss tangent (tan δ) is 

the ratio of dielectric loss (ε”) and dielectric constant (ε’). 

tan 𝛿 =
𝜖′′

휀′
 

Microwave-assisted pretreatment processes are based on the selective heating of 

the lossy components in the lignocellulosic materials that leads to the disruption in the 

original structure of lignocelluloses. Cellulose component has low loss tangent factor 

(tan δ) and generate less heat whereas the lignin and water have high loss tangent factor 

(tan δ) and can generate high heat when the lignocelluloses are treated with 

microwaves(Kurian et al. 2015). 

The effectiveness of microwave assisted pretreatment have been studied by several 

researchers (Table 1). For bio-refinery, the production of ethanol from microwave-

assisted pretreated wheat straw had lower enzyme loading, shorter reaction time and 

could achieve higher ethanol concentration and yield(Zhu et al., 2006; Azuma et al., 

2012). A maximal delignification degree (89.77%) was achieved when microwave heating 

time was 30 min (Zhou et al., 2012). 

 
Tabel 1. Utilization of microwave assisted pretreatment of biomass 

Researchers Objectives Results 

Zhu et 

al.(2006) 

Production of 

ethanol from microwave-

assisted alkali pretreated 

wheat straw 

It was obvious that 

production of ethanol from 

microwave-assisted pretreated 

wheat straw had lower enzyme 

loading, shorter reaction time and 

could achieve higher ethanol 

concentration and yield than from 

the conventional alkali pretreated 

wheat straw. The microwave-

assisted alkali pretreatment was 

an efficient pretreatment method 

of wheat straw for its ethanol 

production. 

Li et al. 

(2012) 

Organic acid 

extraction of lignin from 

bamboo 

It was found that with an 

increase in the severity of 

microwave-assisted extraction, 

there was an increase of phenolic 

hydroxyl content in the lignin. In 

addition, an increase of 

theseverity resulted in a decrease 

of the bound carbohydrate content 

as well as molecular weight of the 

lignin. 

Pang et al. 

(2012) 

Effects of microwave 

power and microwave 

irradiation time on 

pretreatment efficiency 

and characteristics of corn 

stover using combination 

of steam explosion and 

microwave irradiation 

(SE–MI) pretreatment 

Results showed that with 

microwave power and microwave 

irradiation time rising, glucose 

and xylose that released into 

hydrolyzate, as well as enzy- matic 

hydrolysis yields and sugar yields 

of glucose and xylose were all 

slightly increased. 
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Azuma et al. 

(2012) 

Refinery of Biomass 

by Utilization of Specific 

Effects of Microwave 

Irradiation 

MW irradiation in the acidic 

conditions (acid hydrolysis 

pretreatment) is also known to 

bevery much effective for 

saccharification of lignocellulosic 

land-plant biomass. Usually, acid 

pretreatment was carried out 

under diluted acids (0.2-2.5%) or 

concentrated acids. The dilute 

acid pretreatments are effective for 

selective degradation of 

hemicellulose, especially xylan, to 

monomers. This process has a 

merit not to use costly enzymes for 

production of fermentable sugars. 

Zhou et al. 

(2012) 

Microwave-

enhanced extraction of 

lignin from birch in formic 

acid: Structural 

characterization and 

antioxidant activity study 

A maximal delignification 

degree (89.77%) was achieved 

when microwave heating time was 

30 min. When double time (60 

min) was used under oil bath 

heating, the delignification degree 

was 66.11%.  

Kurian et al. 

(2015) 

Comparison of 

steam-assisted versus 

microwave-assisted 

treatments for the 

fractionation of sweet 

sorghum bagasse 

The MW-assisted process 

increased the total crystallinity 

index (TCI) of the cellulose in the 

treated SSB and also increased 

the concentration of guaiacyl 

lignin content in the recovered 

lignin which was thermally more 

stable than the lignin produced in 

the steam-assisted process 

Zhu et al. ( 

2015) 

Microwave assisted 

acid and alkali 

pretreatment of 

Miscanthusbiomass for 

biorefineries 

The maximum sugar yield 

from available carbohydrates 

during pretreatment is 75.3% (0.2 

M H2SO4 20 Min), and glucose 

yield is 46.7% under these 

conditions.  

Liu & Ruan 

(2016) 

Review of 

microwave-assisted lignin 

conversion for renewable 

fuels and chemicals 

Microwave-assisted 

pyrolysis and solvolysis are two 

promising methods forconverting 

lignin because of their time- and 

energy-saving advantages and the 

high selectivity of target products. 

 

 

Ultrasound Assisted Pretreatment 

Sonication of a biomass slurry is a physicochemical treatment process that 

provides energy in the form of sound waves. Ultrasound is sound of frequency greater 

than 16-20 kHz. High-energy, or ‘power ultrasound’ has the frequency range of 16–100 

kHz. Ultrasound ranging in frequency from 100 kHz to 1 MHz is regarded as ‘high 

frequency ultrasound’. Low energy ‘diagnostic ultrasound’ has the frequency range of 
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1–10 MHz. Only power ultrasound is sufficiently energetic to be used in biomass 

pretreatment processes, but low- intensity sonication has the potential to improve the 

conversion of sugars to ethanol in the fermentation step. Ultrasound is transmitted to 

a fluid typically via a sonic horn, or sonotrode, or some other form of a sound 

transducer. A sonic horn generally consists of a solid rod that oscillates along its vertical 

axis at the frequency of ultrasound.  

Ultrasound-assisted extraction is a process that extracts target compounds from 

plant matrices by using acoustic energy and solvents. The process of extraction from 

plant materials is mainly involved into two steps: (i) swelling and solvation of the 

dissoluble components of plant materials in the solvent; (ii) the mass transfer of soluble 

constituents from the plant materials to solvent through diffusion and osmosis. The 

ability of ultra- sonic irradiation to improve the extraction efficiency is mainly due to the 

intensification of mass transfer, improvement of the effect of penetration of solvent into 

the plant tissue and capillary permeability. The major effect of ultrasonic irradiation is 

to improve the softening effect by hydration, which makes the plant cell wall more 

malleable. As a result, the plant cell wall is broken up due to the ultrasonic vibration. 

Thus, the extract efficiency is improved to some extent as a result of the breaking force 

by ultrasonic irradiation (Li et al., 2012b) . 

 
Tabel2. Utilization of ultrasound assisted pretreatment of biomass 

Researchers Objectives Results 

Sun & 

Tomkinson (2002) 

Comparative Study of 

lignin isolated by alkali and 

ultrasound-assisted alkali 

extractions from wheat straw 

The lignin isolated by 

alkali with ultrasound-assisted 

showed a slightly molecular 

weight and thermal stability 

than the lignin obtained by 

alkali without ultrasound 

assistance 

Yuan et al. 

(2011) 

Isolation and physico-

chemical characterization of 

lignins from ultrasound 

irradiated fast-growing 

poplar wood 

The results showed that 

the ultrasonic treatments and 

sequential extractions with 

three different concentrations 

of NaOH led to a release of 

90.9% of the original lignin. 

Li et al. 

(2012b) 

Ultrasound-enhanced 

extraction of lignin from 

bamboo 

(Neosinocalamusaffinis): 

Characterization of the 

ethanol-soluble fractions 

The results showed that 

the yields of the ethanol-soluble 

fractions were between 4.29% 

and 4.76% for the fractions 

prepared with ultrasonic 

irradiation time ranging from 5 

to 55 min, as compared to 

4.02% for the fraction prepared 

without ultrasonic irradiation. 

Rehman et al. 

(2013) 

Use of ultrasound in 

the production of bioethanol 

from lignocellulosic biomass 

Ultrasound can be used 

to enhance the efficacy of some 

conventional methods of 

pretreatment of 

lignocellulosic biomass 

García et al. 

(2013) 

Process Simulation 

Tools for the Assessment of 

Biorefinery Process 

The operation conditions 

for the optimum hemicelluloses 

and lignin dissolution were 
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Intensification by Ultrasound 

Technology 

established (60 min and 5,000 

W) 

Luo et al. 

(2013) 

Ultrasound-enhanced 

conversion of biomass to 

biofuels 

The use of ultrasound in 

conversion of biomass to 

biofuels provides a positive 

process benefit. 

Ngadi & Rusli 

(2014) 

Ultrasound-Assisted 

Extraction of Lignin from Oil 

Palm Frond 

ultrasound-assisted 

extractions were more effective 

to be used and should be 

considered for a wider 

application in the extraction of 

lignin and other compounds 

from various plants. 

Sivakumar & 

Kumar (2014) 

Ultrasound Assisted 

Saccharification of Saw Dust 

for the Production of 

Bioethanol 

The experimental results 

show that the ultrasound 

assisted saccharification 

increases glucose conversion 

and thereby the ethanol yield 

and reduce the consumption of 

sulfuric acid for acid hydrolysis 

when compared to 

saccharification without 

sonication 

Loranger et 

al. (2014) 

Investigation on using 

two types of sonoreactors for 

Kraft lignin fractionation 

In the small sonoreactor, 

the best conditions were 

identified as 68 kHz, 1000 W on 

all banks for a diluted lignin 

solution while no significant 

effect were observed at 40 and 

170 kHz 

 

Conclusions 

Lignin, as the most abundant aromatic natural polymer and the 

secondRichestsource of organic raw material, is considered as a potentialenergy. 

Microwave and ultrasound-assisted extractions were more effective to be used and 

should be considered for a wider application in the extraction of lignin and other 

compounds from biomass. 
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