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CHAPTER 1 

INTRODUCTION 

 

1.1 Background of the study 

 
 

The development and exploitation of renewable, non-fossil based resources 

has become increasingly important, since the use of fossil-based resources is no 

longer legitimate for practical, ecological and socio-economic reasons (Werpy and 

Peterson, 2004). Many technologies have been developed and successfully 

implemented in order to end fossil-dependent energy production and many of this 

technologies are based on the use of biomass (Holladay et al., 2007). Today, 

biorefinery processes are aiming at the degradation of lignocellulosic part of the 

biomass, which consist of cellulose, lignin, and hemicellulose (Argyropoulos, 2007).   

Lignin, that is currently mostly obtained as waste in paper and biofuel 

productions is the second most abundant renewable polymer (Sakakibari, 1980). 

Lignin forms aromatic parts of wood composites and acts like adhesive in plant cell 

walls holding cellulose and hemicellulose together (Zakeski et al., 2010). Lignin is 

an interesting part of biomass and it is considered a biodegradable renewable source 

of energy and chemicals. Lignin’s ability to be source of aromatic compound has the 

greatest potential to become an essential substance in the future, because in some 

ways it can be substituted for fossil fuels as source of these chemicals (Hodasova et 

al., 2015).  

Therefore to further understand it, lignin model compounds were used not 

only to understand the cooperation between different type of enzymes in oxidizing 

lignin samples but to also gain a better understanding on the structure of lignin. 

Therefore in this study laccase from trametes versicolor (LTV) and glucose oxidase 

(GOX) will be used to oxidize ABTS to understand the enzyme activity and in 

ferulic acid; a lignin model compound with variation of LTV-GOX concentration 

ratio to observe the oxidative properties. 
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1.2 Motivation 

 
 

With the increasing prices and exhaustion of source of fossil fuels, the society 

has started to focus on alternative source of energy and chemicals. British Petroleum 

recently released its Statistical Review of World Energy 2015 (BP Statistical 

Review, 2015) and found that consumption of fossil fuels in 2014 continued to 

increase (Rosillo-Calle et al., 2007). Global fuel consumption in 2014 represented 

10228.3 million tonnes which is divided into oil, natural gas, coal, nuclear energy, 

hydroelectricity and renewables (Rosillo-Calle, et al. 2007).  

World Fossil Fuel reserves-to-production ratios at end 2014 estimated on 

52.53 years for oil, 55 years for natural gas and 110 years for coal (Blazej and Kosik, 

1993). As known petroleum is the main source for aromatic chemicals, however the 

number is decreasing by time. Therefore, new alternatives using lignin is constantly 

be studied and experimented.  

Lignin is an interesting part of biomass and it is considered a biodegradable 

renewable source of energy and chemicals (Gosselink, 2010). Lignin’s ability to be 

source of aromatic compound has the greatest potential to become an essential 

substance in the future, because in some ways it can be substituted for fossil fuels as 

source of these chemicals (Smolarski, 2012). However since the structure of lignin is 

complex, an attempt was made to use LMC as a preliminary study to understand the 

interaction between LMC and LTV-GOX. 
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1.3 Problem Statement 

 
          To date, lignin represents the main waste stream from modern saccharification 

processes. As such its enhancement is necessary in order to develop sustainable 

biorefinery processes (Lange et al., 2013). Lignin constitutes a rich renewable source 

of aromatic compounds. Its complex structure offers unique routes to produce fine 

and bulk chemicals either by adjustment of already developed petroleum processes or 

by new technologies. 

          The variable and unpredictable structure of lignin requires improvement of 

systems for controlling and customizing its multi-usefulness, in particular procedures 

of oxidation and functionalization (Lange et al., 2013). Therefore, lignin model 

compound (LMC) was preferred to understand small parts of lignin that may 

contribute a better understanding in the lignin structure. 

          There are many ways to degrade lignin model compounds but the most 

common ways are biological and chemical. Chemical degradation uses oxidizing 

agents such as nitrobenzene, oxygen, and hydrogen peroxide. These chemical 

degradation of lignin is not a favorable option as most of the oxidizing agent are too 

strong and tends to over-oxidize the lignin during long reaction times (Nanayakkara 

et al., 2014). Besides, large portion of the product are made up of mixture of toxic 

derivatives, not only is it difficult to separate from the useful product, it also releases 

an unpleasant odor (Nanayakkara et al., 2014)   

Biological methods on the other hand are divided into two ways, bacterial 

degradation and enzyme degradation. Using enzyme is more favorable as bacteria is 

a slow growing process and takes a long time to study its interactions (Brown and 

Chang, 2014) Enzyme degradation compared to the other methods is the most 

economical and favorable method as the enzymes are more selective and there are 

many types of enzymes. In this experiment laccase and glucose oxidase are chosen to 

study the oxidation of lignin model compound. 

 
 
 
 


