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ABSTRACT 

 

 

 

Compounds that contain sulphur are known as thiols or sulfhydryl compounds. 

Cysteine and glutathione (GSH) which are sulphur-containing antioxidants are 

classified in this group. Apart being powerful antioxidants, they are widely used in 

food, pharmaceutical and cosmetic industries. Production of cysteine and GSH can be 

achieved through several methods such as chemical synthesis, enzymatic catalysis, 

microbial fermentation, and genetic/metabolic engineering. Although cysteine and 

GSH are abundantly present in plants but less was focused on extracting these 

compounds from plant sources. Therefore, this study intended to explore the potential 

of garlic as an alternative source for both compounds. Garlic was chosen based on the 

pungent smell produced by garlic which is correlated to high sulphur contents. Water-

based extraction assisted by sonication was used to obtain cysteine and GSH. This 

method was considered as it was simple, safe and cost effective for extractingthiols. 

Optimization of process conditions was performed using One Factor at a Time 

(OFAT) design. Cysteine and GSH were quantified as thiols/sulfhydryl 

compoundsusingEllman’s reagent method. Global metabolites analysis approach using 

gas chromatography mass spectrometry (GCMS)and principal component analysis 

(PCA)was applied to study the effect of process conditions on the metabolites as a 

means to achieve optimal cysteine and GSH production.  With respect to OFAT study, 

the optimum concentration of extracted thiols (0.1700 mM) was obtained at garlic 

concentration of 100 %w/v with 100 % amplitude of sonicator for 15s of extraction 

time and process temperature at 25°C. Based on GCMS analysis, it showed 

metabolites present in garlic which are amino acids and its derivatives, sugars, sugar 

alcohols, and organic acids. PCA successfully grouped garlic samples based on 

sample preparation and solvent extraction used, however it was unable to discriminate 

the garlic sample based on different process conditions since most of the metabolites 

presented are conserved. In conclusion, garlic is found to be a potential source for 

cysteine and GSH production. Future studies are warranted to further investigate in 

more detail the optimal process conditions for extracting thiols from garlic.  
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CHAPTER ONE 

INTRODUCTION 

 

 

 
1.1  BACKGROUND  

Sulfur is an essential element for animals and plants due its structural and functional 

incorporation into amino acids, proteins and other biomolecules (Kormanisky et al., 

2003). Collectively, compounds containing sulfur are called thiols.  They are found in 

all body cells and are indispensible for life. Sulfur-containing amino acid like cysteine 

is abundant in animal and cereal protein as compared to legume proteins. Meanwhile, 

glutathione (GSH), a cysteine-containing tripeptide is a source of dietary sulfur. Both 

cysteine and GSH are considered as sulfur-containing antioxidant compounds. These 

antioxidants are used as therapeutics for vegan athletes, children or patients with 

AIDS in order to counter the increased risk of sulfur-containing amino acid deficiency 

in these groups (Grimble et al., 1998; Kormanisky et al., 2003; Parcel, 2002). In 

addition, these antioxidants may be beneficial in a number of oxidative stress models 

such as ischemia-reperfusion injury, diabetes, cataract formation, neurodegeneration 

and radiation injury (Kormanisky et al., 2003; C. Lu et al., 2002; Parcel, 2002; Trujillo 

et al., 2002).  

 Among plasma thiols, total cysteine is the most abundant in the body, .thiol-

disulphide exchanges and redox reactions (Atmaca, 2004). Cysteine is the rate-

limiting amino acid for GSH synthesis and it plays an important role as an 

extracellular reducing agent. Due to its redox instability, almost all extracellular 

cysteine is present in the oxidized cystine state and become the primary source of 

intracellular cysteine which is necessary for GSH synthesis (Han et al., 1997). The 
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availability of cysteine plays an important role in determining the flux of cysteine in 

cysteine catabolism and GSH synthesis. GSH is synthesized from glutamate, cysteine 

and glycine. It is the most abundant endogenous non-protein thiol in cells (Fang et al., 

2002; Parcel, 2002). As a major component of the cellular antioxidant system, it plays 

an important role in the detoxification of compounds and in the antioxidation of 

reactive oxygen species (ROS) and free radicals (Kormanisky et al., 2003).   Depletion 

of GSH results in increased vulnerability of cells to oxidative stress.  Therefore, 

cysteine supplementation is an effective method of restoring GSH status as GSH 

levels of tissue are regulated by combination of sulfur-containing amino acid supply 

and metabolism ( Kim et al., 2003).  

 Apart from being powerful antioxidants; GSH and cysteine have a wide 

application in food, pharmaceutical and cosmetic industries. Thus, production of GSH 

and cysteine has great commercial potential. GSH and cysteine can be produced by 

chemical synthesis, enzymatic catalysis, microbial fermentation and genetic/metabolic 

engineering (Li et al., 2004; Wada et al., 2006). Normally, cysteine is produced 

through protein hydrolysis from keratins. The main sources are from human and 

animal materials like hair, feathers, bristles and hooves. This is contrary to the current 

trend, where people tend to consume plant-based products due to its perceived safety 

and compatibility with various religions and societies. In this study, garlic has been 

identified as potential source for GSH and cysteine. This is based on the pungent 

smell of garlic which is correlated with high sulfur content (Atmaca, 2004; Toulopakis 

et al., 2010).  

Garlic has been widely used as both folk medicine and spice for thousands of 

years. There are many studies demonstrating that garlic and its constituents have 

antioxidant activities which can prevent or ameliorate various types of diseases such 
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as cardiovascular disease, cancer, and age-related diseases (Rahman, 2003). While 

there are studies on extraction of sulfur-containing aroma and flavour compounds 

from garlic such as allicin, diallyl disulphide and diallyl trisulphide, less was focused 

on extracting GSH or cysteine from garlic bulbs.  

 

 

 

1.2  PROBLEM STATEMENT AND SIGNIFICANCE OF STUDY 

Production of GSH and cysteine can be achieved through several methods such as 

chemical synthesis, enzymatic catalysis, microbial fermentation, and 

genetic/metabolic engineering.  Enzymatic production and genetic/metabolic 

engineering often lead to high production of GSH and cysteine but the high 

production cost limits the industrial applications of GSH and cysteine. Alternatively, 

chemical and fermentation have also been used; however the downstream separation 

process is not efficient which limits the extensive application of this production 

method. Although glutathione and cysteine can be found naturally in plants, less was 

focused on extracting these compounds from plant sources. In line with the current 

trend of consuming plant-based products which is perceived to be safer and non-

questionable to religions around the world; it is therefore the interest of the study to 

investigate the potential of garlic as a source for GSH and cysteine production.  
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1.3  RESEARCH OBJECTIVES 

This study was conducted with the following objectives: 

1. To determine phyto-chemicals profile of garlic using gas chromatography 

mass spectrometry (GCMS).  

2. To determine the optimal process conditions for extraction of glutathione 

(GSH) and cysteine from garlic by OFAT (one factor at a time) design. 

3. To study the effect of process conditions on garlic metabolites using principal 

component analysis (PCA). 

 

 

 

1.4  RESEARCH METHODOLOGY 

The research was a laboratory-based experimental work. It started with literature 

search and experimental design, analysis of global metabolites from flash-frozen 

garlic powder using gas chromatography mass spectrometry (GCMS). Optimization of 

process conditions for extraction of glutathione and cysteine from garlic were 

performed and metabolites from garlic supernatant were then analyzed using GCMS. 

Reduced glutathione (GSH) and cysteine were determined and quantified using 

spectrophotometry (Ellman’s reagent method). Detailed methodology is described in 

chapter three of this dissertation and an overview of research work is depicted in 

Figure 1.1. Writing of the research findings was the final aspect of the research. 
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Collection of raw material (garlic)

Optimization of process conditions for 

GSH and cysteine extraction by OFAT 

design:

- Process temperature

- Garlic concentration

- Amplitude of sonicator

- Extraction time

Determination and quantification of GSH 

and cysteine in garlic supernatant by 

spectrophotometric (Ellman’s Reagent 

Method)

Garlic bulbs were flash frozen in liquid 

nitrogen into powder 

Extraction of garlic metabolites by a 

mixture of methanol, water and chloroform 

Derivatization of garlic metabolites

Data analysis:

- Metabolites identification by

   GCMS

- Chemometric pattern recognition 

   by SIMCA

Supernatant from optimal process conditions

Extraction of GSH and cysteine  from 

garlic  by water-based sonication

Garlic bulbs were freeze dried and crushed 

into powder form

 

Figure 1.1: Overview of research work 

 

 

 

1.5  SCOPE OF RESEARCH  

 

In this study, water-based extraction method by sonicator was used to disrupt the cells 

in garlic bulbs to obtain GSH and cysteine. Global metabolite analysis approach 

(metabolomics) was applied to study the metabolites that may be present in garlic 

powder and supernatant. This part of study involved gas chromatography mass 

spectrometry (GCMS) with subsequent chemometric pattern recognition analysis. 

This was performed to distinguish flash frozen garlic powder and supernatant based 
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on the metabolites; and thus give insights as to whether the process conditions 

affected the metabolites. 

Optimization of process conditions for extraction of GSH and cysteine was 

performed using one factor at a time (OFAT) design. The four parameters were garlic 

concentration (%w/v), amplitude of sonicator (%), and process temperature (°C). The 

cycle number of sonicator and extraction time were fixed. The response, sulfhydryl 

compound (GSH and cysteine) was determined by using spectrophotometer. The 

concentrations of the responses were quantified by referring to calibration curve of 

commercial standard.  

 

 

 

1.6  DISSERTATION ORGANIZATION 

Chapter one is an introduction of the research work. Chapter two provides a review of 

literature regarding this research. Chapter three covers the methodology of the 

research. Chapter four presents and discusses the findings of the research. Chapter five 

contains conclusion and recommendations on improving the research.  

 

  




