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ABSTRACT 

 

Peroxidase was extracted from cabbage and was purified in three different 

purification processes. It was first purified by ammonium sulphate precipitation and 

highest peroxidase activity was observed at 80% saturation. Hence, 80% saturation 

was used to mass produce the enzyme. The enzyme was again purified by dialysis 

which tends to remove salt as impurity from the precipitated enzyme. The enzyme 

was further purified by gel filtration which further removed salts and other proteins as 

impurities. The resulting enzyme was characterized to determine the optimum pH and 

temperature. The optimum pH and temperature were respectively 5.0 and 45oC. The 

Km and Vmax obtained from Lineweaver-Burk plot of initial velocities at different 

concentration of H2O2 were found to be 3.68mM and 37.04U/ml respectively. Also, 

Km and Vmax of o-dianisidine were found to be 9.89mM and 28.57U/ml 

respectively. The enzymatic activity of this cabbage peroxidase with hydrogen 

peroxide on synthetic dyes was investigated and was found to be very effective in the 

treatment and decolorization of these dyes. This partially purified enzyme could 

decolorize many synthetic dyes; Azo Brilliant Black, Azo Trypan Blue, Azo Blue 5, 



Azo Citrus Red 2, Azo Yellow 6, Azo Pink, Azo Purple, Vat Green 11 and Vat 

Orange 9. Azo Trypan Blue and Vat Orange 11 had the highest and least percentage 

decolorization of 88.62 and 12% respectively after contact time of 1 hour. The 

cabbage peroxidase was found to decolorize Azo dyes more and had little effect on 

Vat dyes. This peroxidase could be an important source for dye and waste water 

decolorization.  
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CHAPTER ONE 

 

INTRODUCTION 
 
Large amounts of chemically different dyes are used for various industrial 

applications such as textile dyeing, paper and pulp, leather and plastics (Park et al., 

2007). Textile dyes represent a major class of organic pollutants that are found in the 

waste effluent discharged by these different industries (Kalsoom et al., 2013). 

Approximately 20% of the dye load is lost in the dyeing residues during textile 

processing which represents one of the greatest environmental problems faced by the 

sector (Guarantini and Zanoni, 2000). These dyes are designed to be resistant to light, 

water and oxidizing agents and are therefore the most problematic groups of 

pollutants, considered as xenobiotics that are not easily biodegradable (Ong et al., 

2011). The dye effluent contains chemicals that are toxic, carcinogenic, mutagenic, or 

teratogenic to various aquatic species and humans (Celebi et al., 2012). Among the 

textile dyes, azo dyes account for 60-70% of all textile dyestuffs used and show the 

largest spectrum of colours (Bae and Freeman, 2007). They are the most common 

group of synthetic colorants released into the environment (Saratale et al., 2011). The 

discharge of azo dyes into water bodies presents human and ecological risks, since 

both the original dyes and their biotransformation products can show toxic effects, 

mainly causing DNA damage. Therefore, the development of non-genotoxic dyes and 

investment in research to find effective treatments for effluents and drinking water is 

required, in order to avoid environmental and human exposure to these compounds 

and prevent the deleterious effects they can have on humans and aquatic organisms. 

 

The treatment of dye wastewater involves chemical and physical methods such as 

adsorption, coagulation, oxidation, filtration and ionizing radiation. All these methods 

have different decolorization capabilities, operating speed and proven to be costly 

while producing large amounts of sludge (Leelakriangsak and Borisut, 2012). 

Biological processes have received increasing interest as a viable alternative owing to 

their cost effectiveness, ability to produce less sludge and environmental friendliness 

(Banat et al., 1996). However, synthetic dyes containing various substituents such as 



nitro and sulfonic groups are not uniformly susceptible to bio-decolorization in 

conventional aerobic processes. Enzymatic approach has gained considerable interest 

in the decolorization/degradation of textile and other industrially important dyes 

present in wastewater. This strategy is ecofriendly and useful in comparison to 

conventional chemical, physical and biological treatments, which have inherent 

serious limitations. Stability, activity and specificity of an enzyme are the 

fundamental parameters that control the development of an industrial application 

(Torres and Ayala, 2010). 

Many studies have demonstrated that fungi are able to degrade dyes and this 

capability to degrade dye is due to the extracellular, non-specific and non-

stereoselective enzyme system (Bezalel et al., 1997). Peroxidases have been reported 

as excellent oxidant agents to degrade dyes (Kirby et al., 1995). Husain (2010) 

reported that many aromatic dyes could be decolorized by peroxidase through 

precipitation or breaking of the aromatic ring structure. Several bacterial, fungal and 

plant peroxidases have been used for decolorization of synthetic textile dyes. Fungal 

extracted peroxidases have been mostly studied in dye removal processes (Novotny et 

al., 2001). Decolorization of different azo dyes by Phanerochaete chrysosporium RP 

78 under optimized conditions was studied by reaction mechanism via azo dye 

(Ghasemi et al., 2010). Bacterial lignin peroxidases from Pseudomonas aeruginosa 

and Serratia marcescens have been shown to give 50% to 58% decolourization effect 

on textile dye-based effluent (Bholay et al., 2012). However, using peroxidases from 

microorganisms to decolorize dyes involves high cost and therefore alternative 

sources such as plants are now considered (Chanwun et al., 2013). Among the plant 

peroxidases, the most studied are native or recombinant horseradish peroxidases, HRP 

(Shrivastav, 2003 and Tiirola et al., 2006). HRP has been shown to have the ability to 

precipitate and degrade aromatic azo compounds in the presence of H2O2 (Bhunia et 

al, 2001). It has been utilized for the removal of halogenated phenols and 

pentachlorophenol (Meizler et al., 2011; Li et al., 2011). Plant peroxidases have been 

extracted from African oil bean seeds, sorghum, tea leaf, wheat germ, green pea and 

papaya fruit oil (Lee and Klein, 1990; Silva et al., 1990; Converso and Fernandez, 

1995; Kvaratskhelia et al., 1997; Eze et al., 2000; Eze, 2012;). Other peroxidases, 

such as peroxidases from Allium sativum, Ipomoea batatas, Raphanus sativus, 

Sorghum bicolor and soybean peroxidase have also been applied to phenol removal 



(Al-Ansari et al., 2010 and Diao et al., 2011). Peroxidase has been extracted from red 

cabbage as reported by Ghahfarrokhi et al. (2013) but peroxidase from green cabbage 

is poorly studied. This research is therefore focused on the extraction, 

characterization, purification of peroxidase from green cabbage and its application on 

decolorization of industrial synthetic dyes. 

1.1 Peroxidase 

The name peroxidase was first used by Linossier, who isolated it from pus in 

1898. They are one of the most extensively studied groups of enzymes (Azevedo et 

al., 2003).  They are widely distributed in nature and are found in plants, 

microorganisms and animals where they catalyze the reduction of hydrogen peroxide 

(H2O2) to water (Bania and Mahanta, 2012). They use various peroxides (ROOH) as 

electron acceptors to catalyze a number of oxidative reactions. In mammals, they are 

implicated in biological processes as various as immune system or hormone 

regulations. In plants, they are involved in auxin metabolism, lignin and suberin 

formation, cross-linking of cell wall components, defense against pathogens or cell 

elongation. They also show bad effect on the quality of vegetables during post-harvest 

senescence, oxidation of phenolic substances, starch-sugar conversion and post-

harvest demethylation of pectic substances leading to softening of plant tissues during 

ripening (Ghahfarrokhi et al., 2013). Humans contain more than 30 peroxidases 

whereas Arabidopsis thaliana has about 130 peroxidases that are grouped in 13 

different families and nine subfamilies (Koua et al., 2009). Peroxidase families from 

prokaryotic organisms, protists and fungi have been shown to promote virulence 

(Brenot et al., 2004; Missall et al., 2005 and Pineyro et al., 2008). Commercially, 

peroxidases find application in biotransformations, bioremediation, in Analytical 

Biochemistry and as specific reagents such as bleaching agents. Peroxidases are 

classified as haem peroxidases and non-haem peroxidases and distributed between 

thirteen superfamilies and fifty subfamilies (Passardi et al., 2007). 

 

1.1.1 Enzyme Commission Classification of peroxidase 

Peroxidases can be found under the same enzyme classification number 

EC.1.11.1.x, donor: hydrogenperoxide oxidoreductase (Fleischmann et al., 2004). 

Currently, 15 different EC numbers have been ascribed to peroxidase, from EC 

1.11.1.1 to EC 1.11.1.16, excluding EC 1.11.1.14 (Passardi et al., 2007). Due to the 

presence of dual enzymatic domains, other peroxidase families were classified with 



the following numbers: EC 1.13.11.44, EC 1.14.99.1, EC 1.6.3.1 and EC 4.1.1.44. To 

date, certain peroxidases do not possess an EC number and can only be classified in 

EC 1.11.1.7. Two particular cases are also observed for EC 1.11.1.2 (NADPH 

peroxidase) and EC 1.11.1.3 (fatty acid peroxidase). NADPH peroxidase activities 

have been observed in different studies (Hochman and Goldberg, 1991). However 

there is no known peroxidase sequence that has been assigned to this EC number, 

probably due to the fact that none of the peroxidases known so far have a predominant 

NADPH peroxidase activity. Peroxidasins, peroxinectins, other non-animal 

peroxidases, dyptype peroxidases, hybrid ascorbate cytochrome c peroxidase and 

other class II peroxidases do not possess an EC number. The two independent EC 

numbers (1.11.1.9 and 1.11.1.12) both correspond to glutathione peroxidase and are 

based on the electron acceptor (hydrogen peroxide or lipid peroxide, respectively). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Table 1: The International Union of Biochemistry classification of peroxidases 

EC number Recommended name Abbreviation in PeroxiBase 
EC 1.11.1.1  NADH peroxidase                             

 
Nadprx 

EC 1.11.1.2  NADPH peroxidase                           
 

No sequence available 

EC 1.11.1.3   Fatty acid peroxidase                         
 

No sequence available 

EC 1.11.1.5 Cytochrome C peroxidase                 
 

CcP, DiHCcP 

EC 1.11.1.6   Catalase Kat, Cp 
 

EC 1.11.1.7 Peroxidase                                         
 

POX 

EC 1.11.1.8 Iodide peroxidase                              
 

TPO 

EC 1.11.1.9 Glutathione peroxidase                     
 

GPx 

EC 1.11.1.10 Chloride peroxidase                          Halprx, HalNprx, HalVprx 
 

EC 1.11.1.11 1-ascorbate Superoxide                     APX 
 

EC 1.11.1.12   Phospholipidhydroperoxi
de                               
glutathione peroxidase 

 

GPX 

EC 1.11.1.13 Manganese peroxidase                       
 

MnP 

EC 1.11.1.14 Lignin peroxidase                               
 

Lip 

EC 1.11.1.16 Versatile peroxidase                           
 

VP 

EC 1.13.11.44 Linoleate diol synthase                       
 

LDS 

EC 1.14.99.1 Prostaglandinendoperoxi
de                                                          
synthase 

PGHS 

EC 1.6.3.1 NAD(P)H oxidase                              
 

DuOx 

EC 4.1.1.44 4-carboxymuconolactone                                                           
Decarboxylase                                 

 

AhpD, CMD, CMDn, HCMD,HCMDn, 
DCMD, DCMDn, Alkyprx, Alkyprxn 

 

(Feischman et al., 2004). 

 

 

 



 

1.1.2 Haem-Based and non-Haem based Classification 

An important number of haem and non-haem peroxidase sequences are annotated 

and classified in the peroxidase database, PeroxiBase. PeroxiBase contains about 

5800 peroxidase sequences classified as haem peroxidases and non-haem peroxidases 

and distributed between thirteen superfamilies and fifty subfamilies, (Passardi et al., 

2007). Haem and non-haem peroxidases are found in all kingdoms.  

Figure 1: Schematic representation of the phylogenic relationships between the different 

protein classes and families found in PeroxiBase (Koua et al., 2009). 

 

1.1.2.1 Haem based peroxidase 

Haem peroxidase is found in plants, animals and microorganisms. They contain 

ferriprotoporphyrin IX (haematin or haem) as a prosthetic group (Rodrigo et al., 

1996). Out of 6,861 known peroxidase sequences collected in PeroxiBase, more than 

73% of them code for haem-containing peroxidases. In the majority of cases, haem b 

is the prosthetic group and its evolutionary highly conserved amino acid surroundings 

influence its reactivity (Torres and Ayala, 2010). Haem peroxidases tend to promote 

rather than inhibit oxidative damage. Genes encoding haem peroxidases can be found 

in almost all kingdoms of life. They are grouped in two major superfamilies: one 

mainly found in bacteria, fungi and plants, Passardi et al. (2007) and a second mainly 

found in animals, fungi and bacteria (Daiyasu and Toh, 2000 and Furtmuller et al., 

2006). Members of the superfamily of plant/fungal/bacterial peroxidases (non-animal 

peroxidases) have been identified in the majority of the living organisms except 

animals. The second superfamily described as “animal peroxidases” comprises a 



group of homologous proteins mainly found in animals. The mammalian haem 

peroxidase plays a major role in both disease prevention and human pathologies 

(Koua et al., 2009). Some mammalian haem peroxidases use H2O2 to generate more 

aggressive oxidants to fight intruding microorganisms (Flohe and Ursini, 2008). 

 

In addition to these two large superfamilies, smaller protein families are classified 

as capable to reduce peroxide molecules. Examples are Catalase (Kat) that can also 

oxidize hydrogen peroxide, dihaem cytochrome C peroxidases (DiHCcP), dyptype 

peroxidases (DypPrx), haloperoxidases with (HalPrx) or without (HalNPrx, HalVPrx) 

haem. 

 

1.1.2.2. Non haem peroxidase 

Non-haem peroxidases are not evolutionarily linked and form five independent 

superfamilies. These are alkylhydroperoxidase, NADH peroxidase (NadPrx), 

manganese catalases (MnCat) and thiol peroxidases. The largest one is the thiol 

peroxidase, which currently contains more than 1000 members grouped in two 

different subfamilies (Glutathione peroxidases and Peroxiredoxines).  

 

1.1.3. Plant Peroxidases  

Plant Peroxidases (PODs) are haem peroxidases. In the presence of peroxide, they 

oxidize a wide range of phenolic compounds, such as guaiacol, o-dianisidine, 

pyrogallol, chlorogenic acid, catechin, and catechol (Onsa et al., 2004). They are 

divided into three classes based on their structural and catalytic properties. The 

overall primary sequences and the 3-dimentional structure of these three peroxidases 

are quite different, implying that these subfamily genes evolve from distinct ancestral 

genes (Taurog, 1999). The amino acid sequences were found to be highly variable 

among the members of the plant peroxidase superfamily with less than 20% identity 

in the most divergent cases (Hiraga et al., 2001). 

 

 

 

 

Table 2: The three classes of plant peroxidases. 



CLAS

S 

Member (EC Number) Origin Molecular 

weight           

(KDa) 

               

I 

Cytochrome c peroxidase 

(EC 1.11.1.5) 

Yeast and 

Bacterium 

32-63 

 Catalase-peroxidase (EC 

1.11.1.6) 

Bacterium 

and Fungi 

150-240 

 Ascorbate peroxidase (EC 

1.11.1.11) 

Plant 30-58 

              

II 

Manganese-dependent 

peroxidase (EC 1.11.1.13) 

Fungi 43-49 

 Ligninase (EC 1.11.1.14) Fungi 40-43 

              

III 

Peroxidase (EC 1.11.17, 

POX) 

Plant 28-60  

(Das et al., 2011) 

 

1.1.3.1. Class I: Peroxidases of prokaryotic origin 

Members of this class of peroxidases can be found in organelles of prokaryotic 

origin, namely in plastids and mitochondria and include yeast cytochrome c 

peroxidase (Poulos et al., 1980 and Finzel et al., 1984). These also include chloroplast 

and cytosolic ascorbate peroxidase and catalase-peroxidase (Regelsberger et al., 

2001). A common feature of these peroxidases is the lack of bound carbohydrates, 

disulphide bonds, calcium ions and signal peptides for secretion (Azevedo et al., 

2003). Ascorbate peroxidase has been purified from bovine eye and its N-terminal 

sequence was found to be homologous to that of the plant enzyme, implying that 

ascorbate peroxidase is not plant-specific (Wada et al., 1998). They have also been 

found in insects (Mathews et al., 1997). Plant ascorbate peroxidases (APXs) are found 

in several cellular compartments. In Arabidopsis thaliana, for example, the presence 

of eight isozymes has been confirmed: soluble cytosolic (APX1, APX2, APX6), 

bound to the microsome membrane (APX3, APX4, APX5), and chloroplast sAPX and 

tAPX (Panchuk et al., 2002). Ascorbate peroxidases play an important role in 

controlling the concentration of oxygen radicals that participate in signal transduction 

in many naturally occurring physiological processes in the cell. 



 

 

1.1.3.2. Class II: Secreted fungal peroxidases 

Class II peroxidases include lignin peroxidase (LiP) and manganese peroxidase 

(MnP), both from white-rot fungi such as Phanerchaete chrysosporium,  Phlebia 

radiata and Lentinula edodes, Poulos et al. (1993) and Sundaramoorthy et al. (1994), 

the peroxidase from the hyphomycete Arthromyces ramosus, Kunishima et al. (1994) 

and the black inkcap mushroom peroxidase from Coprinus cinereus  (Petersen et al., 

1994). They have a signal peptide sequence responsible for their secretion through the 

endoplasmic reticulum. They possess about 5% carbohydrates, two calcium ions and 

four conserved disulphide bonds (Azevedo et al., 2003). 

 

1.1.3.3. Class III: Classical secretory plant peroxidases (EC1.11.1.7) 

Horseradish peroxidase (HRP), African oil bean seeds peroxidase, peanut 

peroxidase, soybean peroxidase, turnip peroxidase, tobacco peroxidase, tomato 

peroxidase, barley peroxidase and cabbage peroxidase are examples of class III 

peroxidases (Hosoya et al., 1960; Evans, 1968; Puppo et al., 1980; Mader and Fuss, 

1986; Schuller et al., 1996; Henriksen et al., 1998; Belcarz et al., 2008 and Eze, 

2012). The enzyme is reported to exist in both soluble and membrane-bound forms 

(Robinson, 1991). It can be found in vacuoles, tonoplast, plasmalemma, and inside 

and outside the cell wall and has a variety of functions (Thongsook and Barrett, 

2005). 

 Genes encoding class III plant peroxidases are present in all land plants and form 

large multigenic families (Passardi et al., 2004). One of the roles of this peroxidase in 

plant defense is the reinforcement of cell wall physical barriers and lignification 

(Bowles, 1990). Members of all classes of the plant peroxidase superfamily contain 

10 common α-helices (Hiraga et al., 2001). Enzymes of class I and II have one 

specific helix while class III peroxidase has 3 specific helices (Schuller et al., 1996; 

Gajhede et al., 1997). Individual plant species possess a common set of peroxidases 

(PODs) with similar characteristics among species. Total amino acid sequence 

identity is sometimes less than 30% within the same plant species. However, nearly 

90% of residues are identical among PODs of different plant species (Kjaersgard et 

al., 1997). 

 



Class III plant peroxidases (PODs) exist as isoenzyme in individual plant species. 

Theorell   isolated two forms of peroxidases from horseradish roots (Theorell, 1942). 

HRP I was basic and contained a low carbohydrate content, while HRP II was neutral 

and highly glycosylated (Azevedo et al., 2003). The isoenzymes have distinct 

physical, chemical and kinetic properties arising from small differences in their amino 

acid sequence (Soltis and Soltis, 1990). This suggests its involvement in various 

physiological processes (Hiraga et al., 2001). Peroxidase isoenzymes in cabbage are 

not numerous. The biggest amounts of isoforms are found at juvenile stage, during 

flowering induction (Duchovskiene and Siksnianiene, 2001). 

 

Some authors have suggested more unusual plant peroxidases that do not fit into 

these classes, such as chloroperoxidases and diheme peroxidases , as group four 

(Smith and Veitch, 1998). Because class III peroxidases are induced by fungi, Sasaki 

et al.(2004),  bacteria, Young et al. (1995) and Lavania et al. (2006), viruses, Hiraga 

et al.(2001) and viroids, Vera et al. (1993), they are considered as pathogenesis-

related (PR) proteins, belonging to the PR-protein 9 subfamily (VanLoon et al., 

2006).  

 

1.1.4 Structure of Plant Peroxidase 

The three-dimensional structures of plant peroxidases from Arabidopsis, barley, 

horseradish, peanut and soybean have been determined by X-ray crystallography 

together with the structures of several catalytic intermediates and substrate complexes 

that are relevant to enzyme function. On this basis, specific roles for particular amino 

acid residues and structural motifs or regions have been proposed or in some cases, 

confirmed. Some of these have been investigated experimentally using site-directed 

mutagenesis and other techniques (Veitch, 2004). The first full structure of plant 

peroxidase was solved by molecular replacement based on the pea cytosolic ascorbate 

peroxidase (Schuller et al., 1996). In 1976, Welinder determined the first complete 

primary structure of horseradish peroxidase (Welinder, 1976).  

 

Plant peroxidases comprise a single polypeptide chain of approximately 300 

amino acid residues, iron(III) protoporphyrin IX (haem group) at the centre and two 

calcium atoms located at the distal and proximal to the haem plane and are linked to 

the haem-binding region by a network of hydrogen bonds. The molecular weight is 



approximately 40kDa (Azevedo et al., 2003). The distal calcium is coordinated by 6 

amino residues; Asp43, Asp50, Ser52 (side chain), Asp43, Val46, Gly48 (carbonyl) 

and one structural water in HRP c. The proximal calcium is coordinated by also 7 

amino acid residues; Thr171, Asp222, Thr225, Asp230 (side chain), Thr171, Thr225 

and Ile228 (carbonyl). These calcium sites are thought to play an important role in 

defining the haem pocket architecture (Howes et al., 2001). On calcium loss, enzyme 

activity decreases by 40% (Haschke and Friedhoff, 1978). His170 forms coordinate 

bond to haem iron atom (proximal side) and the bond can be broken in acid solution. 

Asp247 carboxylate side-chain helps to control imidazolate character of His170 ring. 

The second coordination distal side of the haem plane is unoccupied in the resting 

state of the enzyme but available to hydrogen peroxide during enzyme turnover. The 

propionate side chains of the haem form hydrogen bonds with neighbouring residues. 

Also the organic porphyrin is in Van der Waals contact with hydrophobic amino acids 

(Dunford, 1999). 

     

    

 
Figure 2: The interaction between haem/ His170 in HRP C and the native 

haem structure. 

 

The N-terminal residue of HRP C is blocked by pyroglutamate and the C-terminus 

is heterogenous, with some molecules lacking the terminal residue, Ser308 (Veitch, 

2004). Other structural elements of importance are four disulphide linkages based on 



the invariant Cyt 11-91, 44-49, 97-301, 177-207 (HRP C numbering) and a buried salt 

bridge motif between Asp99 and Arg123 residues (Veitch, 2003). Nine potential N-

glycosylation sites can be recognised in the primary sequence and of these, eight are 

occupied (Veitch, 2003). A branched heptasaccharide accounts for 75 to 80% of the 

glycans but the carbohydrate profile of HRP C is heterogeneous, and many minor 

glycans have also been characterized (Yang et al., 1996). N-linked glycans of all plant 

glycoproteins are covalently bonded through an amide bond to asparagine residues 

(Ueda and Agawa, 1999). HRP glycans are composed of mannose (Man), xylose 

(Xyl), fructose (Fuc) and N-acetylglucosamine (GlcNAc) and account for 20% of the 

total enzyme molecular weight (Azevedo et al., 2003). The main function of the 

glycans is to maintain the protein conformational structure and to increase the protein 

solubility in water (Huystee and McManus, 1998). Glycans have no effect on specific 

activity and reaction kinetics of the enzyme but greatly reduce the solubility in salt 

solution (Tams and Welinder, 1995). Glycosylation may also stabilize the polypeptide 

chain against uncontrolled proteolysis and free radical induced protein crosslinking 

(Hiner, 1995).  

 

The structure of the enzyme is largely α-helical although there is also a small 

region of β-sheet. All the three classes of plant peroxidase contain the 10 prominent 

helices found in HRP C, lettered helices A to J (Schuller et al., 1996). There are two 

domains. The haem occupies the crevice between both domains (the distal and 

proximal), sandwiched between helix B and helix F (Welinder and Gajhede, 1993).  

HRP contains three extra α-helices (D′, F′ and F′′), which are not found in other 

classes. The small helix, D′, is inserted between helices D and E and is common to 

class III peroxidase. The most distinctive feature of class III peroxidases is a long 

insertion (34 amino acid residues in HRP C) and is maintained by a disulphide bridge 

(between Cys177 and Cys209). This helical region varies in length and amino acid 

composition (Gajhede et al., 1997). 

 

Table 3: The secondary structure of the recombinant HRP isoenzyme c. 



 
(Gajhede et al., 1997) 

 

 
Figure 3: Three-dimensional representation of the X-ray crystal structure 

and key amino acid residues in the haem-binding region of horseradish 

peroxidase isoenzyme C (Veitch, 2004). 

 



1.1.5 The Mechanism of Action of Peroxidase 

The mechanism of catalysis of horseradish peroxidase and in particular, the HRP 

C isoenzyme, has been investigated extensively (Veitch and Smith, 2001). The 

enzyme is highly specific to its peroxide substrate, of which H2O2 is the most 

common. In the presence of peroxide, PODs from plant tissues are able to oxidize a 

wide range of phenolic compounds, such as guaiacol, pyrogallol, chlorogenic acid, 

catechin, and catechol (Onsa et al., 2004). Oxidation of a wide range of organic 

compounds has led to the speculation that the enzyme may be associated with losses 

in color, flavor, and nutritional value of raw and processed foods (Robinson, 1987). It 

plays an important role in the browning of processed yam (Eze et al., 2010). 

 

Despite the differences in the proteins, active sites, and even prosthetic groups, the 

catalytic mechanisms of all the peroxidases are sufficiently similar and they can be 

viewed, despite their differences, from a common perspective. The common overall 

reaction of the peroxidases can be written as in the following equation;  

                                 H2O2 + 2AH = 2H2O + 2A. 

Where AH and A. represent a reducing substrate and its oxidized radical product, 

respectively (Veitch, 2003). Typical reducing substrates include aromatic phenols, 

phenolic acids, indoles, amines and sulfonates.  Ascorbate is the substrate for the 

reduction of hydrogen peroxide in ascorbate peroxidase and the enzyme is sensitive to 

ascorbate concentration (Dabrowska et al., 2007). If it is too low (lower than 20 µM) 

the enzymes lose stability and their activity declines (Shigeoka et al., 2002). 

Ascorbate peroxidase (class I), are used by plants to regulate levels of intracellular 

hydrogen peroxide (Mittler, 2002). 

 

The reaction is a three-step cyclic process, in which the enzyme is first oxidized 

by H2O2 and then reduced back to the native form in two sequential steps involving 

the formation of two enzyme intermediates, Compounds I and II (Azevedo et al., 

2003). 

 

The steps involved are as follow; 

(i) The first step consists of the cleavage of the H2O2 molecule, with the 

concomitant production of water. This usually involves binding of the 

H2O2 to the haem iron atom to produce a ferric hydroperoxide intermediate 



[Fe(III)–OOH]. This elusive intermediate (Compound 0) was first 

observed by Baek and Van Wart in the reaction of HRP with H2O2 (Baek 

and Van Wart, 1989). The conversion of Compound 0 to Compound I 

requires the cleavage and the protonation of the distal oxygen of the ferric 

hydroperoxide complex leading to the formation of the ferryl species with 

the elimination of the distal oxygen as a molecule of water. One of the 

oxygen atoms of H2O2 is incorporation into Compound I. It is now known 

that compound I contains an oxoferryl group (Fe IV=O), in which the iron 

is in a 4+ oxidation state and a porphyrin π-cation radical. The crystal 

structure of Compound I has been determined after its generation by 

reaction of ferric HRP with peracetic acid (Berglund et al., 2002). 

(ii) Compound I oxidizes a wide range of reducing substrate molecules (AH) by a 

mechanism involving a single-electron transfer, leading to the formation of 

the second enzyme intermediate called Compound II. Compounds I and II, 

the critical catalytic intermediates, are readily distinguished from the 

resting ferric state of the protein by their UV–visible absorption spectra. 

(iii)Compound II, which also contains an oxoferryl group (FeIV=O), is then 

reduced by a second substrate molecule (AH) to the native ferric enzyme 

(FeIII). The oxygen accepts two protons to form a water molecule and is 

released from the haem. Compound III designates a complex in which a 

molecule of oxygen is bound end-on to the ferrous iron of the peroxidase. 

It is usually formed when there is a large excess of H2O2 (de Montellano, 

2010). It is not ordinarily a catalytically active intermediate, although it 

may play a role in the oxidation of isoniazid by the catalase–peroxidase 

KatG of Mycobacterium tuberculosis (Ghiladi et al., 2005). 

 



 
Figure 4: Generic peroxidase catalytic cycle. The square of four nitrogens 

around the iron atom is a representation of the prosthetic heme group of the 

peroxidase (de Montellano, 2010). 

The prosthetic haem in the resting peroxidases is in the ferric state. In HRP and 

most peroxidases, the iron is five coordinate, high spin, Smulevich et al. (1994), with 

a histidine as the proximal iron ligand and a water molecule in the distal side that is 

not coordinated to the iron (de Montellano, 2010). 

The catalytic cycle of horseradish peroxidase (HRP C) with ferulate as reducing 

substrate is shown in figure 5. 

 
Figure 5: The catalytic cycle of horseradish peroxidase (HRP C) with ferulate 

(Azevedo et al., 2003). 

Ferulic acid (FA) is a phenolic cinnamic acid derivative found in the plant cell 

wall, which acts as an in vivo substrate of plant peroxidases (Azevedo et al., 2003). 

The first step in the catalytic cycle is the reaction between H2O2 and the Fe (III) 

resting state of the enzyme to generate compound I, a high oxidation state 

intermediate comprising an Fe(IV)-oxoferryl centre and a porphyrin-based cation 

radical. A transient intermediate (compound 0) formed prior to compound I has been 

detected in reactions between HRP C and H2O2 at low temperatures and described as 



an Fe(III)-hydroperoxy complex. Molecular dynamics simulations of these peroxide-

bound complexes have been carried out (Filizola and Loew, 2000). It has been shown 

that the free radical produced by peroxidase only move on the surface of the enzyme 

and not in solution (Xialing and Lin, 2009). 

 

Table 4: Common Substrates for Plant Peroxidase 

 
(Azevedo, 2003) 

 

 

 

1.1.6 Peroxidase Activity 

Peroxidase activity involves donating electrons that bind to other substrates such 

as ferricynides and ascobate, in order to break them into harmless components 

(Bansal et al., 2012). Class III peroxidase activity is higher in roots than aerial parts 

and increased with the age of the plant (Cosio and Dunand, 2011). Colorimetrical, 

electrochemical and chemiluminescent methods are used for the detection of 

peroxidase activity (Mackova et al., 2001). Classical colorimetric methods are 

generally based on the monitoring of the formation of a coloured product from a 

colourless oxygen acceptor (Conyers and Kidwell, 1991). These oxygen acceptor (H 



donor) compounds include benzidine, o-tolidine, o-toluidine, pyrogallol, o-

dianisidine, o-phenylendiamine, guaiacol, 4-chloro-1-naphthol etc. The 

chemiluminescent method is based on the oxidation of cyclic diacylhydrazides 

accompanied by the emission of light (Arakawa et al., 1979). Enhanced 

chemiluminescent (ECL) is achieved by performing the oxidation of luminol with 

HRP in the presence of chemical enhancers such as certain phenols, naphthols, etc. 

(Thorpe and Kricka, 1986). The main advantages of ECL are that the light emission is 

intense, easily measured, the peroxidase activity can be assayed in seconds and is 

sensitive (Mackova et al., 2001). 

 

1.1.7 Inhibition of Peroxidase 

Many peroxidase inhibitors have been used in horseradish peroxidase mediated 

immunostaining and in situ hybridization to quench background peroxidase activity. 

Citrate and pyrophosphate inhibit the peroxidase-catalyzed oxidation of indoleacetic 

acid when cerium or manganese is used as the metallic cofactor (Mudd and Burris, 

1959). Phenolic inhibitors such as 7-Hydroxy-2,3-dihydrobenzofuran derivatives, 

metabolites of a carbamate insecticide carbofuran, inhibits indoleacetic acid (IAA) 

oxidase which interferes with IAA-induced spectral change in the Soret band of 

horseradish peroxidase (HRP). The onset of IAA degradation required transformed 

HRP intermediates. The inhibitors, when added before IAA, protected HRP from 

reacting with IAA, thus preventing formation of highly reactive enzyme 

intermediates, and consequently, IAA degradation (Lee, 1977). The cytochemical 

reaction for peroxidase is partially inhibited by methanol. The addition of a small 

amount of sodium nitroferricyanide to the absolute methanol causes further inhibition 

(Straus, 1971). Sodium azide has been reported to inhibit peroxidase activity 

irreversibly (Saini et al., 1995). However, Saboora et al. (2012) demonstrated that 

peroxidase from turnip was inhibited by sodium cyanide rather than sodium azide. 

Astilbin (5,7,3',4'-tetrahydroxy-2,3-dihydroflavonol-3-β-O-rhamnoside) is also an 

efficient inhibitor of peroxidase activity (Petacci et al., 2010). It has been associated 

with a large range of biological activities, such as lowering total cholesterol in the 

liver, Igarashi et al. (1996), protection against oxidative damage to the mitochondria 

and erythrocyte haemolysis in the liver (Haraguchi et al., 1996) 



 
Figure 6: Structure of Astilbin (5,7,3',4'-tetrahydroxy-2,3-dihydroflavonol-3-

β-O-rhamnoside) 

 

1.1.8 Functions of Plant Peroxidase 

Peroxidase is relatively stable at high temperature. It has been shown that POD can 

recover its activity after heat treatment (Anthon and Barrett, 2002). This property of 

the enzyme has been associated with deterioration of food quality during storage (Eze, 

2012). It also affects the organoleptic properties such as colour, taste and aroma, 

causing off-flavours, off-colours, browning and nutritional damage (Mdluli, 2005). 

POD has been used as a model enzyme in the study of protein structure, enzyme 

reactions and enzyme function. Studies have shown that POD plays a role in plant’s 

lignifications, suberization, cross-linking of cell wall structural proteins, auxin 

metabolism, self-defence against pathogens, senescence, salt tolerance and oxidative 

stress. The primary function of ascorbate peroxidase is peroxidase detoxification 

(Raven, 2003). 

 

1.1.9 Industrial Application of Plant Peroxidase 

Peroxidase has a high commercial value, due to its versatile and wide 

applicability, from organic synthesis to biomedicine. Reduction of peroxidases at the 

expense of electron donating substrates makes peroxidases useful in a number of 

biotechnological applications. They have the potential to decrease environmental 

pollution by bioremediation of wastewater containing phenols, cresols and chlorinated 

phenols, for biopulping and decolourization of synthetic textile azo-dyes (Bansal et 

al., 2012). They are also used in analytical applications in diagnostic kits for 

quantification of cholesterol, glucose, uric acid, lactose etc., in the fine chemical and 

pharmaceutical industries, and it is most common enzyme used for labeling an 

antibody in Enzyme-linked Immunosorbent Assay (ELISA). 

 

1.1.9.1 Enzyme label and diagnostic kits 



HRP is used as an enzyme label in medical diagnostics and research processes. 

Universal covalent conjugates of proteins, antibodies and other molecules with HRP, 

offer a wide range of amplifying possibilities. They are useful and versatile tools for 

ultra-sensitive detection in nucleic acid detection (Azevedo et al., 2003). The ability 

of peroxidase to yield chromogenic products at low concentrations and its relatively 

good stability makes it useful for the preparation of enzyme conjugated antibodies and 

application in diagnostic kits (Bansal et al., 2012). HRP is one of the many biological 

components used in the diagnostic test kits. The most widely used test kits are the 

glucose, uric acid and cholesterol blood sensors. The assay for the determination of 

uric acid is based on the following reaction; 

Uric acid +O2 + 2H2O Uricase → Aallantoin + H2O2 + CO2 

H2O2 + 4-aminophenazone + phenol peroxidase → p-(Benzoquinone) 

monoiminephenazone 

Analysis of uric acid in human serum from ten different patients using either the 

kit containing turnip peroxidase or a commercially available kit, gave the same results 

(Hamid, 2009). 

  

1.1.9.2 Bioremediation and wastewater treatment 

Peroxidases have been applied to the bioremediation of waste waters 

contaminated with phenols, cresols and chlorinated phenols (Hamid, 2009). Phenol, 

substituted-phenols and azo dyes constitute examples of such hazardous compounds 

which can be found in wastewaters of a wide variety of industries (Nicell et al., 1993). 

Conventional methods of removing such pollutants such as adsorption, sedimentation, 

coagulation, and filtration result in a secondary waste which in itself is a problem to 

dispose (Ahmad and Puasa, 2007; Riera-Torres et al., 2010 and Amini et al., 2011;). 

HRP together with H2O2 have been used to remove phenolic compounds from 

synthetic model effluents and also from real industrial effluents (Zhang  and Nicell, 

2000). The addition of natural coagulants such as chitosan or mineral coagulants such 

as aluminium sulphate can aid in the precipitation of polymerization products and 

stabilization of HRP (Cooper and Nicell, 1996). The presence of chitosan has been 

shown to reduce the final toxicity (Wagner and Nicell, 2002). 

 



1.1.9.3 Degradation of pesticides, polychlorinated aromatic hydrocarbons 

(PAHs) 

Less than 5% of pesticides applied in controlling the harmful effects of insects, 

microorganisms and grasses on plants actually reach the target organisms. The 

remaining percentages leach down to subsoil and contaminate the groundwater 

(Kookana et al., 1998). The quality of soils, ground water, continental and coastal 

waters as well as the air, is compromised by this contamination (Surekha et al., 2008). 

Subsoil and groundwater pollution are the major consequences/outcomes 

environmental effects of pesticides application (Nawaz et al., 2011). This exposure is 

associated with chronic health problems or health symptoms such as respiratory 

problems, memory disorders, dermatologic conditions, cancer, depression, neurologic 

deficits, miscarriages and birth defects (McCauley et al., 2006). Peroxidases extracted 

from various species have great potential to transform several pesticides into harmless 

form(s). Transformation of organophosphorus pesticides by white-rot fungi has been 

studied (Jauregui et al., 2003). PAHs are composed of two or more fused aromatic 

rings and are components of crude oil, creosote and coal (Harayama 1997). PAHs are 

oxidized by peroxidases such as lignin peroxidase and manganese peroxidase 

(Harford-Cross et al., 2000; Weber et al., 2008) 

 

1.1.9.4 Organic and polymer synthesis 

Plant peroxidase has been shown to exhibit a remarkable chemo- and 

stereospecific chemical transformations. They are able to catalyze numerous selective 

oxidations of reducing substrates and to resolve chiral hydroperoxides by 

enantioselectively reducing them to alcohols (Hoch et al., 1997; Adam et al., 1998). 

Examples include free-radical polymerization of vinyl monomers, such as acrylamide, 

acrylic acid and methacrylates, such as methyl, phenylethyl, 2-hydroxyethyl 

methacrylate (Karla and Gross, 2002). Using an anionic peroxidase purified from the 

African oil palm tree, an enzymatic synthesis of the polyelectrolyte complex of 

polyaniline and also sulfonated polystyrene has been developed (Sakharov et al., 

2003). 

 

 

 

1.1.9.5 Deodorization of manure 



Plant peroxidase could be used as an enzymatic source in the deodorization of 

swine slurry (Govere et al., 2007). Odorant compounds such as phenols, indoles, 

volatile fatty acids, ammonia, hydrogen sulfide and mercaptans are either initially 

present in manure or result from anaerobic transformation of animal wastes (Zahn et 

al., 1997). A 100% reduction in the concentration of phenolic odorants without 

reoccurrence within 72 hours was achieved by using HRP (Govere et al., 2005). 

 

1.1.9.6 Decolourization of dyes 

Dye wastes represent one of the most problematic groups of pollutants, considered 

as xenobiotics that are not easily biodegradable (Ong et al., 2011). This dye effluent 

may contain chemicals that are toxic, carcinogenic, mutagenic, or teratogenic to 

various fish species (Celebi et al., 2012). Several physico-chemical methods such as 

adsorption, chemical treatment and ion pair extractions have been adopted and proven 

to be costly while producing large amounts of sludge (Leelakriangsak and Borisut, 

2012). Peroxidases have been reported as excellent oxidant agents to degrade dyes 

(Kirby et al., 1995). Several bacterial, fungal and plant peroxidases have been used 

for decolorization of synthetic textile dyes. Decolorization of different azo dyes by 

Phanerochaete chrysosporium RP 78 under optimized conditions was studied by 

reaction mechanism via azo dye (Ghasemi et al., 2010). Peroxidase produced by 

Pseudomonas sp. was used in the biodegradation of Malachite green via a proposed 

mechanism. 

       

 



Figure 7: The proposed biodegradation pathways of Malachite green by 

Psedomonas sp. strain DY 1 (Bansal et al., 2012). 

 

 

1.2 Dyes 

Dyes are complex aromatic compounds, which are normally used for colouration 

of various substrates like leather, textiles, papers, fur, hair, drugs, cosmetics, waxes, 

greases and plastics (Maddhinni et al., 2006).  Textile dyes are aromatic compounds 

representing a major class of organic pollutants that are found in the waste effluent 

discharged by different industries such as textile, petroleum refining, paper and pulp, 

leather and plastics, wood preservation, etc (Kalsoom et al., 2013). Dyes are normally 

water-soluble or water dispersible organic compounds that are capable of being 

absorbed into the substrate destroying the crystal structure of the substance. The dye 

molecules are usually chemically bonded to the surface and become a part of the 

material on which it is applied. The chemical constituents of the dye are mainly 

phenolic compounds. The colour intensity of the dye molecule depends on how 

strongly it absorbs radiation in the visible region, which extends from 400 to 700 nm. 

Today Asia (India, Japan, Korea and China) has become the largest dyestuff market, 

accounting for about 42% of the value of the global dyestuff market. 

 

 

Table 5: Wavelengths and their Complementary colours 

Colour absorbed Wavelength absorbed 

(nm) 

Colour observed 

Red 647-700 Green 

Orange 585-647 Cyan (Green-Blue) 

Yellow 570-585 Blue 

Green 491-570 Red 

Blue 424-491 Yellow 

Violet 400-424 Yellow-Green 

 

1.2.1. Chromophores and Auxochrome 



The partial structures necessary for colour (unsaturated groups that can undergo π-

π* and n-π* transitions) are called chromophores. The color in dyes is the 

consequence of the presence of a chromophore. Chromophores in dyes are generally 

large systems of conjugated double bonds (alternating double single bonds). It is this 

delocalized electron system that absorbs the energy from the light.  The presence of 

some other groups caused an intensification of colour. These groups are called 

auxochromes. Dyes also contain auxochromes, which are a group of atoms attached to 

a chromophore that modify the ability of that chromophore to absorb light. They can 

also provide a site by which the dye can chemically bond to the fabric. They cannot 

undergo π-π* transitions, but can undergo transition of n electrons. 

Examples of chemical groups that are chromophores and auxochromes 

           
Figure 8: Some examples of chromophores and auxochrome 

 

1.2.2 Vat dyes 

The vat dyes are insoluble complex polycyclic molecules based on the quinone 

structure (ketoforms). They are reduced with sodium hydrosulphite in a strongly 

alkaline medium to give soluble leuco forms that have a great affinity for cellulose. 

An example of a vat dye is Vat Blue 4 (Indanthrene). 

 
Figure 9: Structure of Vat Blue 4 

 

1.2.3 Azo dyes 

Azo dye accounts for almost 80% of annual production of commercial dyes all 

over the world (Fu and Viraraghavan, 2001). They are the most common group of 



synthetic colorants released into the environment (Saratale et al., 2011). They contain 

at least one azo group (-N=N-) attached to one or often two aromatic rings. Dye 

molecules bind to the fiber molecules in cloth via electrostatic attraction, by van der 

Waals forces, through hydrogen bonding or even by covalent bonds. Azo dyes are 

largely resistant to biodegradation and persist in conventional wastewater treatment 

processes (Stolz, 2001). Some azo dyes, their precursors and a number of their 

reaction products are carcinogenic (Brown and De Vito 1993). Methyl yellow, methyl 

orange, methyl red, congo red and alizarine yellow are some of the examples. 

 

1.2.3.1 Synthesis of Azo Dye 

Azo dyes are prepared in a two-step reaction, the first being the synthesis of an 

aromatic diazonium ion from an aniline derivative. The next step is coupling of the 

diazonium salt with an aromatic compound. 

1. Diazotization: This involves reacting primary amine (NH2) with sodium 

nitrite (NaNO2). The primary amines include Aminobenzene, 2-amino-1,5-

naphthalenedisulfonic acid, 3,5-dimethoxy aniline, 6-amino-2-

naphthalenesulfonic acid, 6-amino-1-naphthalene, 4-aminobenzenesulphonic 

acid, 4-nitroaniline e.t.c.   

2. Coupling: This involves the coupling of the diazonium salt with an aromatic 

compound.  

 
Figure 10: The general synthesis of Azo dye 

 

The aromatic ring can be substituted with different functional groups 

(auxochromes) and these affect the colour of the dye. 

 

1.2.3.2 Some Examples of Azo Dyes 

Azo Yellow 6                           Citrus Red 2                             Brilliant Black 

H



                  

            
                                                  Trypan Blue 

                            
Figure 11: Molecular structure of some Azo dyes.  

 

1.2.3.3 Azo Dyes and Their Mutagenic Effects 

The azo dyes show good fiber-fixation (about 85%) properties as compared other 

synthetic dyes and this explains why so much dye is released into the environment, 

representing the other 10 to 15% of the amount used. Most of these dyes found are not 

degraded by the conventional treatments and this shows a wide range of toxic effects 

on aquatic life and higher organisms. Azo dyes can also be absorbed after skin 

exposure from the use of cosmetic products (Chequer et al., 2011). Tsuboy et al. 

(2007) analyzed the mutagenic, cytotoxic and genotoxic effects of the azo dye CI 

Disperse Blue 291, and the results clearly showed that this azo dye caused dose-

dependent effects, inducing the formation of micronuclei (MNs), DNA fragmentation 

and increasing the apoptotic index in human hepatoma cells (HepG2). The mutagenic, 

carcinogenic and toxic effects of the azo dyes can be a result of direct action by the 

compound itself, or the formation of free radicals and aryl amine derivatives 

generated during the reductive biotransformation of the azo bond (Rajaguru et al., 

1999). It may also be caused by products obtained after oxidation via cytochrome 

P450 (Umbuzeiro et al., 2005). The consequent generation of aromatic amines by 

dyes when in contact with sweat, saliva or gastric juices is used to classify dyes as 

harmful (Pielesz et al., 2002). Some such aromatic amines are carcinogenic and can 

accumulate in food chains. It has been shown that rats and mice exposed to specific 

azo dye arylamines or their derivatives developed cancer, mainly in the liver 

(Weisburger, 2002). Azo bond reduction leading to the production of aromatic amines 

has been demonstrated under a variety of conditions, including those encountered in 

the digestive tract of mammals (Pinheiro et al., 2004). Therefore, the majority of 



possible hazards arising from the use of azo dyes are now being directed at their 

reduction products.  

 

1.2.3.4 Metabolism of Azo Dyes in Humans 

Following oral or skin exposure to azo dyes, humans can subsequently be exposed 

to bio-transformation products obtained by the action of intestinal microorganisms or 

that of others present on the skin or due to reactions in the liver (Esancy et al., 1990; 

Chadwick et al., 1992; Stahlmann et al., 2006). The metabolic pathways the azo dyes 

actually follow depend on several factors, such as, 

a. the mode of administration; 

b. the degree of absorption from the gastro-intestinal tract after oral ingestion; 

c. the extent of biliary excretion, particularly after exposure to different routes 

other than the oral one; 

d. genetic differences in the occurrence and activity of hepatic reducing-enzyme 

systems; 

e. differences in the intestinal flora;  

f. the relative activity and specificity of the hepatic and intestinal systems, 

particularly those responsible for reducing the azo link (Walker, 1970). 

Biotransformation may produce less harmful compounds, but it may also form 

bioactive xenobiotics, ie, compounds showing greater toxicity. The main routes 

involved in the biotransformation of dyes are oxidation, reduction, hydrolysis and 

conjugation, which are catalyzed by enzymes (Zollinger, 1991; Hunger, 1994). 

However, in humans, biological reductions and oxidations of azo dyes are responsible 

for the possible presence of toxic amines in the organism (Pielesz et al., 2002). 

 

1.2.3.4.1 Oxidative Metabolism 

Highly lipid-soluble azo dyes, with chemical structures containing amino groups, 

either alkylamino or acetylamino, but without sulfonated groups, are preferentially 

biotransformed by oxidative reactions. Oxidation processes are mainly catalyzed by a 

microsomal monooxygenase system represented by cytochrome P450 (Hunger, 1994). 

The general mechanism of metabolic oxidation involves an electron transport chain, 

which first transfers an electron to the P-450-Fe3+ complex, which, on reduction, 

receives an oxygen atom and in the final steps, leads to the formation of an oxidation 

product in the organism (Chequer et al., 2011).  



There are three different oxidation pathways of importance for azo dyes: 

i. C-Hydroxylation-ring hydroxylation, probably via an epoxidation mechanism 

and subsequent rearrangement to a phenol; 

ii. N-Hydroxylation at primary or secondary amino groups, or with acetyl amino 

groups in the liver. This reaction is followed by esterification with 

glucuronate or sulfate. The activated esters, which are water-soluble, can 

be excreted, or the ester group can split off with the formation of a 

nitrenium compound (-NH+), which can covalently bind to a nucleophilic 

group of the DNA. 

iii. Demethylation, which is the stepwise oxidation of the methyl groups of 

dialkylamino compounds, and the N-hydroxy derivative so formed can be 

further demethylated or react to form a nitrenium compound (Hunger, 

1994). 

Studies on the metabolism and carcinogenicity of N,N-

dimethylaminoazobenzene (Butter Yellow), a classical hepatocarcinogen in rats, 

have shown that N-methylaminoazobenzenes are mainly metabolized by N-

demethylation (Chequer et al., 2011). 

 

1.2.3.4.2 Reductive Mechanism 

Reductive cleavage of the azo linkages is probably the most toxicologically 

important metabolic reaction of azo compounds. This reaction can be catalyzed by 

mammalian enzymes, especially in the liver, Kennelly et al. (1982) or intestinal, 

Hartman et al. (1978) or skin bacteria such as Staphylococcus aureus (Platzek et al., 

1999; Golka et al., 2004). The first catabolic step in the reduction of azo dyes is the 

cleavage of the azo bond, producing aromatic amines accompanied by a loss of colour 

of the dye (Cerniglia et al., 1986). If the dyes are completely reduced to aromatic 

amines, they can then be oxidized to N-hydroxyderivates by P450 enzymes and N-

hydroxylamines can cause DNA damage. Nam and Reganathan (2000) demonstrated 

that both NADH and NADPH are capable of reducing azo dyes in the absence of any 

enzyme, under mildly acidic conditions. Azo dyes containing nitro groups can also be 

metabolized by the nitroreductases produced by microorganisms (Umbuzeiro et al., 

2005). 

 

1.3 O-dianisidine (3,3-Dimethoxybenzidine) 



O-dianisidine (Molecular Formula: C14H16N2O2, molecular weight: 244.293 

g/mol, Melting point: 135-139 ºC and density of 1.178g/cm3) is used for reaction of 

peroxidase where it donates proton H+ for the reduction of the enzyme. It is 

carcinogenic. It is soluble in ethanol (200 mg/mL - clear, violet-brown solution) or 

aqueous acids and almost insoluble in water. O-dianisidine is used for the detection of 

Au, Co, Cu, SCN-, V; determination of Au, NO2-, Ce(IV) (spectrophotometrically). 

There is evidence that dogs, rats, and humans metabolize o-dianisidine.  

 

1.4 Hydrogen Peroxide (H2O2) 

H2O2 plays an important role in clinical, chemical, biological and environmental 

fields. It helps to oxidize peroxidase into a catalytically active form that is capable of 

reacting with the phenolic contaminant. Peroxidase in-turn degrades H2O2 into water 

and oxygen. However, the mechanism of action of hydrogen peroxide on peroxidase 

was proposed using peroxidase-catalase superfamily. The stability of peroxidases has 

been found to be reduced by hydrogen peroxide (Park and Clark, 2006). The third 

enzyme specie (compound III) is produced when ferric peroxidases are exposed to an 

excess of H2O2. Compound III is a peroxy-FeIII- porphyrin free radical, best described 

intermediate leading to the irreversible deactivation of the enzyme (Valderrama, 

2010). 

 

1.5 Cabbage 

Cabbage (Brassica oleracea L. var. capitata) is a member of the Brassicaceae 

(Mustard) family. This family includes broccoli, brussels sprouts, cauliflower, kale, 

mustard (greens), and collards. Collectively, these crops are referred to as cole crops 

or crucifers. Cabbage is one of the most important dietary vegetables consumed in the 

world (Kusznierewicz et al., 2007). Worldwide, China is the leading producer and 

consumer of cabbage. It is cultivated for its head, which consists of water (92.8%), 

protein (1.4 mg), calcium (55.0 mg) and iron (0.8 mg). The leaves are eaten raw in 

salads or cooked (Adeniji et al., 2010). Nutritionally, cabbage is a good source of 

vitamins (A, C, E, and K), antioxidant enzymes (catalase and peroxidase) and other 

phytochemicals, such as glucosinolates or sulphur-containing compounds (Kurilich 

and Juvik 1999; Kopsell et al., 2004). The presence of phytochemicals, vitamins and 

provitamins, has been considered of great nutritional interest in the prevention of 

chronic diseases, such as cancer, arteriosclerosis, nephritis, diabetes mellitus, 



rheumatism, ischemic and cardiovascular diseases and also in the aging process, in 

which oxidants or free radicals are involved (Chu et al., 2002; Pulido et al., 2000; 

Behl and Moosmann, 2002). Stoewsand (1995) attributed the cancer chemopreventive 

effects of Brassica vegetables to two types of phytochemicals: certain glucosinolates 

and S-methyl cysteine sulfoxide. However, peroxidase shows bad effect on the quality 

of cabbage. It causes post-harvest senescence, oxidation of phenolic substances, 

starch-sugar conversion and post-harvest demethylation of pectic substances leading 

to softening of the plant tissues during ripening (Ghahfarrokhi et al., 2013). 

 Plate 1: A typical mature cabbage (Brassica oleracea L.) 

 

 

 

 

 

 

 

 



 

 

 

 

 

1.6. Aim and Objectives 

This study is aimed at using peroxidase extracted from cabbage to decolorize 

some synthetic dyes.  

It is designed to achieve the following specific objectives. 

• Extraction of plant peroxidase from cabbage 

• Assay for peroxidase activity using o-dianisidine 

• Purification of peroxidase via ammonium sulphate precipitation, desalting 

(dialysis) and gel filtration. 

• Treatment of the synthetic dyes with the partially purified form of the enzyme 

and hydrogen peroxide. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

CHAPTER TWO 

MATERIALS AND METHODS 

2.1. Materials 

2.1.1. Equipment and Sources 

The major equipment used for in this work were obtained from the departmental 

laboratory and are listed below; 

Blender machine- Philips 

Centrifuge- Finland Nigeria 80-2B 

Magnet Stirrer- AM-3250B Surgi Friend Medicals, England 

Water bath- Model DK 

Weighing balance- Ohaus Dial-O-Gram, Ohaus Cooperation, N.J. USA 

pH meter- Ecosan pH meter, Singapore 

UV/ visible spectrophotometer- Jenway 6405 

Refrigerator- Thermocool 

2.1.2. Chemicals and Reagents 

The reagents used for the study were of analytical grade and they include; the 

synthetic dyes (Azo Trypan Blue, Azo Blue 5, Azo Yellow 6, Citrus Red 2, Brilliant 

Black, Azo Pink, Azo Purple, Vat Orange 11 and Vat Green 9) which are the products 

of BASF Chemical Company, Germany and were gotten from the Clothing and 

Textile Unit, Fine and Applied Arts Department, Faculty of Arts, University of 

Nigeria Nsukka, Enugu State Nigeria.  

The chemical used in this study were sourced as follows, Bovine serum albumin 

(BSA) - Bio Rad Laboratories (India); Folin Ciocalteau- Sigma-Aldrich (USA); O-



dianisidine- Sigma-Aldrich (Germany); Sephadex G25- PFC (Pharmacy Fine 

Chemicals); Hydrogen Peroxide- BDH Chemicals Ltd, Poole, England; di-sodium 

hydrogen orthophosphate anhydrous (Na2HPO4)- BDH Chemicals Ltd Poole England; 

Ammonium sulphate- Burgone Urbidges & Co (Mumbai India). 

2.1.3 Plant material 

Fresh cabbage head were bought from the Ogige market, Nsukka, Enugu State and 

were identify by the Department of Plant Science and Biotechnology, University of 

Nigeria Nsukka. 

2.2. Methods 

2.2.1. Extraction of Peroxidase 

The cabbage (250g) was washed and blended with 500ml of phosphate buffer 

(0.05M) pH 6.0. The mixture was left for 24hours with frequent stirring with the 

magnetic stirrer. The homogenate was filtered with double-layered cheesecloth. The 

filtrate was centrifuged at 4000rmp for 30 minutes. The supernatant (the crude 

enzyme extract) were collected and stored at temperature below 5oC. 

2.2.2. Protein determination 

Protein content of the crude enzyme extract was determined by the method of 

Lowry et al. (1951), using serum albumin (BSA) as the standard protein.  

The reaction mixture contained 0.0- 1.0ml of BSA solution (at 0.1ml interval) in 

test tubes arranged in triplicates. The volume was made up to 1ml with distilled water. 

5ml of solution E was added and allowed to stand at room temperature for about 

10minutes. Then 0.5ml of solution C was added and stirred vigorously. The total 

volume of each test tube was 6.5ml. After standing for 30minutes, absorbance was 

read at 750nm using visible spectrophotometer. The mixture without the BSA solution 

was used as the blank. The absorbance of the crude enzyme was also determined. The 

mixture containing the crude enzyme extract contains all the reaction mixture without 

the BSA solution but 0.5ml of the crude enzyme instead. 

 



 

 

2.2.3. Determination of enzyme activity 

Peroxidase activity was determined using the method of Eze et al., (2000) with 

little modification. 

The assay mixture contained 2.7ml of sodium phosphate buffer pH 6.0 (0.05M), 

0.1ml of 0.8% H2O2 (0.025M), 0.1ml of 1% o-dianisidine and 0.1ml of the enzyme 

extract, giving a total volume of 3ml. The mixture was added in the order above. The 

mixture without the enzyme was first put in a cuvette before adding the enzyme. 

Immediately the enzyme was added, the change in absorbance due to oxidation of o-

dianisidine in the presence of H2O2 was monitored using visible spectrophotometer at 

460nm. The readings were taken for every 30seconds for 5minutes. The sodium 

phosphate buffer (0.05M) pH 6.0 was used as a blank. 

One unit of the enzyme activity was defined as the amount of enzyme that gave an 

absorbance change of 0.1/min at 30oC.  

The variables below were used to calculate the purification steps of the 

experiments using the method of Khurshid et al. (2012). 

Reaction rate (activity)  

Since the volume of the enzyme used was 0.1ml and the time interval was 60secs 

(1min) 

Activity  (µmol/min) 

Activity  

Where V is total volume of reaction mixture= 3ml, v is enzyme volume= 0.1ml, 

Df is the dilution factor and ɛ is micromolar extinction coefficient of O-dianisidine= 

11.3 mM-1.cm-1 at 460nm (Chanwun et al., 2012) 



 

 

 

Therefore, Activity  

Specific Activity  

 

Where total units =  

Percentage yield  

Purification fold  

 

2.2.4. Purification of peroxidase from Brassica oleracea (cabbage) 

2.24.1. Ammonium Sulphate Precipitation Profile 

Ammonium sulphate salt precipitation profile was carried out to determine the 

concentration of the salt that would give the highest precipitation of the peroxidase. 

This was done at different ammonium sulphate saturation ranging from 10% to 90% 

at interval of 10% in each test tube containing 10ml of the crude enzyme. A beaker 

containing the crude enzyme and a stir bar was placed on magnetic stirrer plate. While 

sample is stirring, ammonium sulphate of a desired saturation level was added slowly. 

Once total volume of ammonium sulphate was added, the mixture was poured into a 

test tube and allowed to stand at 4oC for 30 hours. After then, the test tubes were 

centrifuged at 4000rpm for 30mins and the pellets were re-dissolved in 1ml of 

phosphate buffer pH 6.0 (0.05). Protein concentration and peroxidase activity of the 

precipitate were assayed to determine the percentage of ammonium sulphate that has 

the highest protein concentration and peroxidase activity. 



2.2.4.2. Ammonium sulphate precipitation of the total crude 

From the assayed precipitates, highest peroxidase activity and protein 

concentration was achieved at 80% ammonium sulphate saturation and was therefore 

used to precipitate 300ml of the crude enzyme. This was done by adding 154.8g of 

ammonium sulphate salt slowly in 300ml of the crude enzyme in a beaker placed on a 

magnet stirrer plate, until the salt was completely dissolved. The mixture was 

maintained at 4oC for 30hours. The solution was centrifuged at 4000rpm for 

30minutes after which the pellet was collected and dissolved with phosphate buffer 

pH 6.0. Ammonium sulphate was redissolved in the supernatant for more 

precipitation. It was maintained at 4oC for 24hours, centrifuged and the pellet was 

also collected. The dissolved pellets were taken as the partially purified peroxidase. 

Protein concentration and peroxidase activity of the precipitate were then determined. 

2.2.4.3. Desalting of protein (Dialysis) 

The precipitated peroxidase was desalted by dialysis using the 10cm pretreated 

dialysis bag. One end of the dialysis bag was tightly tied and the precipitated enzyme 

was introduced inside the bag before the other end of the bag was tied. The dialysis 

bag was suspended in a beaker containing sodium phosphate buffer pH 6.0 (0.05M) 

placed on a magnet stirrer plate and allowed for 18hours with continuous stirring. The 

buffer was changed every 6hours with the intention of removing the ions and other 

low molecular weight substances that have diffused from the dialysis bag into the 

buffer. This is to avoid them from diffusing back to the dialysis bag once equilibrium 

is established. The diasylate was also assayed for peroxidase activity and protein 

concentration while the remaining sample was stored at -10oC. 

2.2.4.4. Gel Filtration Chromatography 

2.2.4.4.1. Preparation of Sephadex G-25 gel 

20g of sephadex G-25 gel was weighed and dissolved in distilled water and 

allowed to swell for 3 days with constant changing of the distilled water every 6 

hours. 

2.2.4.4.2. Introduction of enzyme and collection of fraction 



Partially purified peroxidase (10ml) obtained from ammonium sulphate 

precipitation was subjected to gel filtration using sephadex G-25 gel. The gel was 

packed to the height of 17cm in a glass column (50cm by 2.5cm). The sodium 

phosphate buffer pH 6.0 (0.05M) was used to wash down the gel bed until it 

equilibrated (pH of eluted equals 6.0) and allowed to settle under gravity. After 

equilibration, the sample was introduced and was eluted using the same phosphate 

buffer. A total of 45 fractions of 5ml each were collected at drop rate of 5ml/9mins. 

The protein concentration of each fraction was assayed using UV/ Visible 

spectrophotometer at 280nm. The peroxidase activity of each fraction was also 

assayed and the fractions that showed highest peroxidase activity were pooled 

together after which the total volume was measured, recorded and stored at -10oC. 

2.2.5. Characterization of the enzyme 

2.2.5.1. Effect of pH on peroxidase activity 

The optimum pH value for peroxidase was determined by assaying enzyme 

activity at different pH. The assay was performed by using sodium acetate buffer 

(0.05M) pH 3.5-5.5, sodium phosphate buffer (0.05) pH 6.0-7.5 and Tris-HCl buffer 

(0.05M) pH 8.0-9.0 at 0.5 intervals. Peroxidase activity was assayed by using o-

dianisidine substrate and the enzyme was introduced as stated in session 2.2.3. 

2.2.5.2. Effect of Temperature on peroxidase activity 

The optimum temperature of peroxidase was determined by incubating the 

peroxidase solution at 30-70oC (interval of 5oC) for 1 hour using pH 5.0. The activity 

was then assayed using the method described in session 2.2.3. 

2.2.5.3. Kinetic study of the enzyme 

2.2.5.3.1. Effects of different H2O2 concentration on peroxidase activity 

Different concentrations of H2O2 (1-24mM) were prepared and used to assay for 

the peroxidase activity using acetate buffer pH of 5 at 45oC. The change in activity 

was plotted against the change in H2O2, hence, the KM and Vmax were determined. 



 

2.2.5.3.2. Effect of different O–dianisidine on peroxidase activity 

Different concentrations of O-dianisidine (1mM-10mM) were prepared and used 

to assay for peroxidase activity as described in session 2.2.3. The change in activity 

was calculated and plotted against change in o-dianisidine concentration; hence, KM 

and Vmax were assayed. 

2.2.8. Dye treatment with peroxidase 

The solution of each dye was prepared by dissolving 0.5g of each dye in 500ml 

distilled water. After the individual preparation of the various dyes, they were scanned 

using UV/Visible Spectrophotometer to determine the wavelength of the dyes that 

have the highest peak at wavelength range of 200-850nm. Then the buffer, enzyme 

and H2O2 are added and scanned respectively to determine the effect of the cabbage 

peroxidase on the various dyes. This is done as follows; 

Dye solution + scan 

Dye + Buffer + scan 

Dye + Buffer + Enzyme + scan 

Dye + Buffer + Enzyme + 15minutes + scan 

Dye + Buffer + Enzyme + 15minutes + H2O2+ 30minutes + scan 

Dye + Buffer + Enzyme + 15minutes + H2O2 + 30minutes + 1hour + scan 

Dye + Buffer + Enzyme + 15minutes + H2O2+ 30minutes + 1hour + 20hour + 

scan 

Each of the reaction mixture contained 2.7ml of acetate buffer (0.05M) pH 5.0, 

0.1ml of the dye solution, 0.1ml of H2O2 and 0.1ml of the peroxidase. The total 

volume of the reaction mixture is 3ml.  

 



2.2.8.1. The percentage decolorization  

The percentage decolorization of each dye was calculated by taking the 

absorbance of each dye mixture containing the dye, buffer, H2O2 and enzyme and 

added in the same order. The absorbance is taken immediately the enzyme is added 

after which is incubated for 1hour before the final absorbance was taken. The 

percentage decolorization is calculated thus; 

Percentage Decolorization  

Where Ai – initial absorbance before incubation 

          Af – final absorbance after incubation 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

CHAPTER THREE 

RESULTS 

3.1 Cabbage peroxidase extraction 

A known volume, 1500ml of the crude enzyme was extracted from the cabbage. 

3.2 Studies on the crude enzyme 

Protein concentration of the crude peroxidase extracted from the cabbage was 

found to be 0.942mg/ml. Peroxidase activity of the crude enzyme which was 

monitored by the change in absorbance at 460nm due to the oxidation of the o-

dianisidine in the presence of H2O2 and peroxidase was found to be 3.98U/ml. 

3.3 Ammonium sulphate precipitation profile for cabbage peroxidase 

Crude peroxidase when saturated from 20-90% with ammonium sulphate was 

found to give the highest precipitation of the enzyme at 80%. The peroxidase activity 

increased with increasing ammonium sulphate saturation until it reached 80% 

saturation. Hence 80% saturation was used to precipitate 300ml of the crude enzyme. 

3.4 Studies on the ammonium sulphate precipitated enzyme 

After ammonium sulphate precipitation, the protein concentration was found to be 

0.801mg/ml while the peroxidase activity was found to be 15.93U/ml. 

3.5 Studies on the dialyzed enzyme 



After dialysis, the protein concentration reduced to 0.289mg/ml while the 

peroxidase activity increased to 20.71U/ml. 

3.6 Studies on the purified enzyme after gel filtration 

After gel filtration, the chromatogram showed four sharp protein concentration 

peaks at fractions 11, 12, 23 and 25, read at 280nm.  Peroxidase activity (U/ml) peaks 

were observed at fractions 11, 12, 13, 14, 15. 

 

 

 

 

Figure 12: Ammonium sulphate precipitation profile for peroxidase extracted 

from cabbage 



 

 

 

 

 

 

 

 

 

 

 



 

Figure 13: Gel filtration chromatography profile for protein concentration 

 

 

 

 



 

Figure 14: Gel filtration chromatography profile for peroxidase activity 

 

 

 

 

 

 

 



 

 

3.7 Change in protein concentration of partially purified enzyme 

Protein concentration of the crude peroxidase was found to be 0.94mg/ml which 

decreased after each purification step with the dialyzed enzyme having the least value. 

3.8 Changes in Activity of the partially purified peroxidase 

Peroxidase activity was found to increase after each purification step with the 

peroxidase after gel filtration having the highest activity. 

3.9 Specific Activity of Partially purified Enzyme 

The specific activity of the crude cabbage peroxidase was found to be 7.5U/mg. 

This value increased in each purification step with the dialyzed enzyme having the 

highest. 

 

 

 

 

 



 

Figure 15: Protein concentration of the partially purified peroxidase 

 

 

 

 

 

 

 



 

 

Figure 16: Peroxidase Activity of the partially purified cabbage peroxidase 

 

 

 

 



 

Figure 17: Specific activity of the partially purified peroxidase from cabbage. 

 

 

 

 

 



 

 

Table 6: Purification result for Brassica oleracea 

Purificati
on step 

Vol
ume of 
Enzyme 
(ml) 

Prot
ein 
Conc. 
(mg/ml) 

Peroxi
dase 
Activity 
(U/ml) 

Specific 
Activity 
(U/mg) 

Total 
Activity(U) 

Purificat
ion Fold 

% 
yield  

 
Crude 

Enzyme 

 
150

0 

 
0.94 

 
3.98 

 
4.23 

 
5970 

 
1 

 
10

0 
90% 

(NH4)2SO4 
precipitation 

300 0.80 15.93 19.91 4779 4.71 80
.05 

Dialyzed 
Enzyme 

30 0.28
9 

20.71 71.66 621.3 16.94 10
.41 

Gel 
filtrated 
Enzyme 

15 0.67
6 

37.57 55.58 563.55 13.14 9.
44 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

3.10 Characterization of cabbage peroxidase 

3.10.1 Effects of pH change on peroxidase activity 

The optimum pH for the peroxidase extracted from cabbage was found to be pH 

5.0. An increase or decrease in pH beyond or below this optimum pH showed a 

decline in peroxidase activity. At pH of 7.5 no peroxidase activity was observed.  

3.10.2 Effects of temperature on peroxidase activity 

Figure 19 below shows the effect of temperature change on peroxidase activity. 

The optimum temperature of cabbage peroxidase was found to be 450C. An increase 

or decrease in temperature beyond or below this optimum value showed a decline in 

peroxidase activity. At 70oC, the enzyme activity was still observed but drastically 

reduced. 

3.10.3 Effects of substrate concentration on peroxidase activity 

3.10.3.1 Effect of hydrogen peroxide concentration on peroxidase activity 

Peroxidase activity was found to increase gradually with increase in H2O2 

concentration until it reached its peak at 20 mM. Thereafter, increase in the 

concentration of the hydrogen peroxide caused no change on the peroxidase activity. 



3.10.3.2 Determination of Kinetic parameters of cabbage peroxidase using 

H2O2 

Kinetic parameters Vmax and Km of the peroxidase using H2O2 were calculated 

from Lineweaver-Burk plot. 

3.10.3.3 Effect of different concentration of o-dianisidine on peroxidase 

activity 

Peroxidase activity was found to increase gradually at different concentration of 

o-dianisidine until it reached its peak at 9mM. At its peak, increase in the 

concentration of the o-dianisidine caused no change on the peroxidase activity. 

3.10.3.4 Determination of kinetic parameters using o-dianisidine 

The Vmax and Km of the peroxidase using o-dianisidine were calculated from the 

Lineweaver-Burk plot. 

 



 

Figure 18: Effect of pH on peroxidase activity 

 

 

 

 

 

 

 



 

 

Figure 19: Effect of temperature change on peroxidase activity 

 

 

 

 

 



 

 

 

Figure 20: Michaelis-Menten’s plot for hydrogen peroxide 

 

 

 

 



 

 

 

Figure 21: Lineweaver-Burk plot 1/Activit against 1/[H2O2] 

 

 

 

 



 

 

 

 

Figure 22: Michaelis-Menten’s plot for o-dianisidine 

 

 

 



 

Figure 23: Lineweaver-Burk plot of o-dianisidine 

 

 

 

 

 



 

 

Table 7: Characterization table for cabbage peroxidase 

Properties Results  

pH 5.0 

Optimum Temperature (0C) 45 

Vmax (U/ml) H2O2 37.04 

Km (mM) 3.68 

Vmax (U/ml) o-dianisidine 28.57 

Km (mM) 9.89 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

3.11 Dye treatment with cabbage peroxidase 

Azo Brilliant Black, Azo Trypan Blue, Azo Blue 5, Azo Yellow 6, Azo Citrus 

Red 2, Azo Pink, Azo Purple, Vat Green 9 and Vat Orange 11 were treated with 

cabbage peroxidase to determine the level of decolorization by the peroxidase on the 

different dyes.  

3.11.1 Spectral result of the different dyes 

3.11.1.1 Azo Brilliant Black 

Figure 24 below shows the spectral results of Azo Brilliant black. The dye alone 

has absorbance peak of 0.463 at 219nm (UV region) and 0.148 at 614nm (visible 

region). After the addition of buffer and enzyme in a step by step approach, there was 

a change in the peaks (0.303, 0.475 for UV at 224nm and 0.089, 0.119 for Visible at 

609nm respectively). There was an increase in the absorbance (0.723, 224nm at UV) 

in addition of H2O2 while the absorbance at the visible region also changed (0.106 at 

609nm). There was a shift in the wavelength (from 224 to 229nm) after 1hour at the 

UV region with simultaneous increase in the absorbance. Further shift was observed 

after 20 hours and reduction in the absorbance (0.701, 269nm). 

3.11.1.2 Azo Trypan Blue 



Figure 25 shows the spectral reading of the Azo Trypan Blue. The dye alone had 

absorbance of 0.308 at 619nm (Visible region) which reduced after the addition of 

enzyme and H2O2 to 0.281 and 0.201 respectively. Further reductions were observed 

after 1hour and 20 hours contact times which were 0.169 and 0.114 respectively. At 

20hours, there was a shift in the wavelength from 619 to 659nm. At the UV region, 

addition of buffer, enzyme and H2O2 led to the increase of absorbance; 0.371, 0.53 

and 0.995 respectively at 224nm. After 1hour contact time, the absorbance increased 

also to 1.051. There was shift in UV region after 20hours from 224 to 269nm. 

3.11.1.3 Azo Blue 5 

Figure 26 below shows the spectral reading of Azo Blue 5. The absorbance was 

found to decrease with the addition of enzyme and H2O2. It also decreased after 

contact time of 1hour and 20hours. There was also shift after 20hours contact time 

from 659 to 694nm. 

 

 



 

 

Figure 24: UV-Visible Spectral result of Azo Brilliant Black in the absence 

and presence of enzyme 

 

 



 

Figure 25: UV-Visible Spectral Reading of Azo Trypan Blue in the Absence 

and presence of Enzyme. 

 

 

 

 

 



 

 

Figure 26: UV-Visible Spectral Reading of Azo Blue 5 in the presence and 

absence of enzyme.   

 

 

 

 

 



 

 

 

3.11.1.4 Azo Yellow 6 

Figure 27 below shows the spectral result of Azo Yellow 6. From the result, 

addition of enzyme and H2O2 to the dye, showed a significant difference. After 

20hours contact time, it was observed that there was a shift to the right and 

absorbance decreased both at the UV and visible regions. 

3.11.1.5 Azo Citrus Red 2 

Figure 28 below shows the spectral result of Azo Citrus Red 2. The absorbance 

peak of the dye alone (1.688 at 544nm) was found to decrease when the enzyme and 

H2O2 were added, having values of 1.126 and 0.991 respectively. There was further 

decrease after contact time of 1hour and 20 hours. At 20 hours, there was a shift to the 

right from 544 to 584nm. 

3.11.1.6 Azo Pink 

Figure 29 shows the spectral result of Azo Pink. There was no significant effect of 

the enzymatic reaction. After 20hours contact time, a shift in wavelength from 549 to 

584nm was also observed. 

3.11.1.7 Azo Purple 

Figure 30 shows the spectral reading of Azo Purple. There was a slight significant 

decrease in the absorbance when compared with the dye alone. 

3.11.1.8 Vat Green 9 and Vat Orange 11 

Figures 31 and 32 show the spectral result of Vat Green 9 and Vat Orange 11 

respectively. There was no significant effect of the enzymatic reaction to the dyes.  

3.11.2 Percentage Decolorization of the dyes 



Percentage decolorization of each dye was calculated after 1hour. From the result, 

the dye that had the highest % decolorization was Azo Trypan blue. It had 88.62% 

after 1hour contact time 

 

 

 

 

Figure 27: UV-Visible Spectral reading of Azo Yellow 6 in the presence and 

absence of enzyme. 



 

 

 

 

 

 

 



 

 

Figure 28: UV-Visible Spectral reading of Azo Citrus Red 2 in the presence 

and absence of enzyme. 

 

 

 

 



 

Figure 29: UV-Visible Spectral reading of Azo Pink in the presence and 

absence of enzyme. 

 

 

 

 

 



 

 

 

Figure 30: Spectral reading of Azo Purple in the presence and absence of 

enzyme 

 

 

 



 

 

 

 

 

Figure 31: UV-Visible Spectral reading of Vat Green 9 in the presence and 

absence of enzyme. 

 



 

 

 

 

 

 

 

 



 

 

Figure 32: UV-Visible Spectral reading of Vat Orange 11 in the presence and 

absence of enzyme. 

 

 

 

 

 



 

 

Figure 33: Picture of the dye solutions before decolorization. 

 

 



Figure 34: Picture of the different dye solutions after decolorization. 

 

Figure 35: %Decolourization of the dyes treated with cabbage peroxidase after 1hour 

 

 

 

 



 

 

 

 

CHAPTER FOUR 

 

DISCUSSION 

Peroxidase (POD) is an oxidoreductase that catalyzes a reaction in which 

hydrogen peroxide acts as the acceptor and another compound acts as the donor of 

hydrogen atoms. They are widely spread enzymes in plants, microbes and animal 

tissues. The broad substrate specificity, multifunctional properties and availability of 

peroxidases from different sources allows us to apply these enzymes in various 

biological and biochemical processes. 

 

In this study, 80% (NH4)2SO4 saturation was found suitable for precipitation of 

cabbage peroxidase. After ammonium precipitation profile, peroxidase activity was 

found to be 15.93 U/ml. Eze et al. (2000) reported 70% ammonium sulphate 

saturation for peroxidase from sorghum. Saboora et al. (2012) reported 80% 

ammonium sulphate saturation for peroxidase from turnip. Rehman et al. (1999) 

reported 85% for peroxidase from tomato, horseradish legumes and horseradish roots. 

Silva et al. (2012) reported ammonium sulphate saturation of 85% for sweet potato. 

Interestingly, Belcarz et al. (2012) reported 75% saturation for peroxidase from spring 

cabbage.  

Ammonium sulphate is the most commonly used reagent for salting out proteins 

because of its high solubility which permits achievement of solution with high ionic 

strength (Rehman et al., 1999). This causes the reversible precipitation of the protein 

and is non-denaturing to the protein structure. The principle behind this is that 

proteins have polar amino acids such as glycine, serine etc. Attractive interactions 

between the nearby oppositely charged groups form ion pairs or salt bridges. Water as 

a powerful solvent, interacts with these surface amino acids and keep them in 



solution. At low concentration of the salt, solubility of the proteins usually increases 

slightly. But at high concentrations of salt, the solubility of the proteins drops sharply 

and the proteins precipitate out. Completely ionized salts have more affinity for water 

molecules than protein hence addition of salts takes up water molecule from the 

protein. Therefore the ionic interactions between water molecules and protein are 

reduced and as a result hydrophobic interactions dominate. The hydrophobic amino 

acid patches present in all the proteins attract each other and forms aggregates. 

Ammonium sulphate precipitation is however best used to optimize yield rather than 

to optimize purity (Ward and Swiatek, 2009). 

After ammonium sulphate precipitation, the enzyme was desalted by subjecting it 

to 18 hours dialysis. The peroxidase activity after dialysis was found to be 20.71 U/ml 

and this portrayed increase in purity of the enzyme as a result of the removal of salt 

by diffusion. The dialysate was applied to a sephadex G-25 gel filtration column 

equilibrated with phosphate buffer (0.05M), pH 6.0. The activity after gel filtration 

chromatography was found to be 37.57U/ml. This increased activity shows that the 

peroxidase was further purified by the removal of other impurities like other proteins 

and salts that interfered with the peroxidase activity. Therefore, peroxidase activity 

increased simultaneously with increase in purification steps. 

 

The protein concentration of the crude extract was found to be 0.94mg/ml which 

reduced to 0.8, 0.289 and 0.676mg/ml after ammonium sulphate precipitation, dialysis 

and gel filtration respectively. The drastic reduction in protein concentration after 

dialysis may be attributed to denaturation of the enzyme arising from the 

environmental factors such as the handling and temperature. The reduction in protein 

concentration generally resulted from the removal of other proteins and salt which 

could serve as impurities and hence, increased peroxidase activity. The protein 

concentration is, however, estimated because peroxidase, as an enzyme is also a 

protein, and contributes to the concentration of the protein present, though there could 

be other proteins present. 

 

The partially purified peroxidase was further characterized based on effects of pH, 

temperature and substrate (H2O2 and O-dianisidine) concentration. The optimum pH 

of the partially purified cabbage peroxidase was found to be 5.0. This is contrarily to 

pH 6.0 reported by Bania and Mahanta (2012) using o-dianisidine as the H donor. 



Belcarz et al. (2007) reported optimum pH of 6.0 from spring cabbage peroxidase 

using guaiacol as the H donor. Peroxidases purified from various sources have been 

reported to have their pH optima mostly in the region of 4.5-7. Using guaiacol as the 

H donor, broccoli peroxidase had maximum activity at approximately pH 4-5 for the 

acidic peroxidase and pH 6 for both the neutral and basic peroxidases as reported by 

Thongsook and Barrett (2005). Duarte-Vazquez et al. (2000) reported optimum pH 

for acidic turnip Peroxidases as between 5 and 5.5 with ABTS as H donor. Saboora et 

al., (2012) reported optimum pH of 6.0-6.5 for turnip using guaiacol as the H donor. 

Civello et al. (1995) reported pH 6 for peroxidase from strawberry. Silva et al. (2012) 

reported optimum pH 7 for peroxidase from turnip using guaiacol as the H donor. 

Singh et al. (2010) reported optimum pH 4.5 for peroxidase from apple using o-

dianisidine as the H donor. Chanwun et al. (2013) reported an optimum pH of 5 for 

peroxidase from rubber trees (Hevea brasiliensis) using o-dianisidine as the H+ donor. 

Nwanguma and Eze (1995) reported optimum pH of 5.5 for sorghum using o-

dianisidine as the H donor.  A rapid decrease in activity was found on either the basic 

or acidic side of this pH optimum. This is because the release of the haem group from 

the active site of the enzyme is pH dependent, occurring more rapidly below pH 4 and 

leading to a loss of POD activity. This activity decrease might have occurred mainly 

by ionic alterations of the enzyme that alter the form of the enzyme and consequently 

the active site (Silva et al., 2012). At pH 7 the enzyme is completely inactivated.  

 

The optimum temperature for the cabbage peroxidase was found to be 45ºC. At 

temperature of 30-40oC, the peroxidase activity increased slightly and the peak was 

found at 45oC. Above 45oC, the peroxidase activity decreased steadily up to 70oC at 

which the enzymatic activity was not lost completely. Optimum temperature for 

cabbage peroxidase is comparable with other reports too. Optimum temperature range 

of 40-50oC for cabbage using o-dianisidine as the H donor was reported by Bania and 

Mahanta (2012). Belcarz et al. (2012) reported optimum temperature of 40oC for 

peroxidase extracted from spring cabbage using guaiacol as the H donor. Hu et al. 

(2012) reported the optimum temperature of 45oC for peroxidase from lettuce stem. 

Interestingly, Tabatabaie et al. (2002) reported the optimum temperature of 50oC for 

peroxidase from cabbage and at this temperature about 90% of the enzyme activity 

was observed. Singh et al. (2010) reported optimum temperature of 40oC for 

peroxidase from apple using o-dianisidine as the H donor. However, from all 



indication, it appears that the optimum pH and temperature for the maximum 

peroxidase activity varies with the enzyme source, the isoenzyme composition, the H 

donor substrate, and the buffer used for the analysis. 

 

Effect of substrate concentration on the partially purified enzyme was studied 

using hydrogen peroxide and o-dianisidine. Hydrogen peroxide concentrations were 

prepared from 1-24mM while o-dianisidine concentrations were prepared from 1-

10mM. The peroxidase activity was found to increase with increase in hydrogen 

peroxide and o-dianisidine concentration until [H2O2] and [o-dianisidine] reached 

20mM and 8mM respectively, after which further increase in [H2O2] and [o-

dianisidine] did not cause any increase in the peroxidase activity. 

 

The Michaelis-Menten constants (KM) and the  maximum velocity (Vmax) for the 

oxidation of o-dianisidine in the presence of hydrogen peroxide and the enzyme were 

determined from Lineweaver-Burk plots (1/V vs 1/[S]) by following the standard 

assay conditions at optimum temperature and pH conditions, as shown in figures 21 

and 23. The KM and Vmax of the hydrogen peroxide obtained were respectively 

3.68mM and 37.04U/ml. The KM and Vmax of the o-dianisidine obtained were 

9.89mM and 28.57 U/ml respectively. The KM value of the hydrogen peroxide was 

roughly 2 times higher than 1.937 Mm/ml obtained by Eze (2012) from African oil 

bean seed. Thongsook and Barrett (2005) reported KM value of 9.731mM of hydrogen 

peroxide for basic peroxidase from broccoli using guaiacol as the H donor. This 

indicates that peroxidase from cabbage has lower affinity for hydrogen peroxide than 

peroxidases from oil bean seed and has higher affinity than broccoli. Interestingly, 

Daurte-Vazquez et al. (2001) reported Km value of 3.7mM for peroxidase from turnip 

using guaiacol as H donor. Vmax value for H2O2 can be compared with those obtained 

from acidic, basic and neutral peroxidase from broccoli which were 5.7mM/min, 

11.7mM/min, and 438 mM/min respectively using guaiacol as the H donor 

(Thongsook and Barrett, 2005). Hu et al. (2012) reported H2O2 Vmax values of 10585 

and 1146 U/ml for peroxidase from lettuce stem using guaiacol and ABTS 

respectively as the H donor. The O-dianisidine KM value for the cabbage peroxidase 

obtained is comparable with 6.7-13.8mM using guaiacol as the H donor for the 

oxidation of peroxidase from Korean radish root as reported by Lee and Kim (1994). 

Halpin et al. (1989) reported 10.2 mM for green peas. From the result KM value for 



H2O2 (3.68 mM) is lower than KM for o-dianisidine (9.89mM) and this shows that 

peroxidase from cabbage has more affinity for H2O2 than the H donor, o-dianisidine.  

 

The results of the effect of pH, temperature and substrate concentration (including 

km and Vmax) gotten from this study could be of relevance to industries using 

peroxidase from Brassica oleracea in order to get the maximal activity of the enzyme 

to ensure the effectiveness of their industrial application of B. oleracea. 

 

Application of the partially purified cabbage peroxidase was also evaluated. It has 

been shown that plant peroxidase is efficient for synthetic dye decolorization and 

degradation. It is explicitly observed by the decrease in concentration and color 

disappearance in the dye solutions under study. This study evaluates the ability of 

cabbage peroxidase to decolourize 7 azo dyes (Trypan Blue, Azo blue 5, Azo Brilliant 

Black, Azo Yellow 6, Azo Citrus Red 2, Azo Pink and Azo Purple) and 2 vat dyes 

(Vat Green 9 and Vat Orange 11). Of the nine dyes, Azo Trypan Blue had the highest 

% decolorization (88.62%) followed by Azo Blue 5 and Brilliant Black with % 

decolorization of 72 and 63% respectively after contact time of I hour. Chanwun et al. 

(2013) reported % decolorization of 83 and 88 for aniline blue and water blue 

respectively which are both triphenylmethane derived dyes using peroxidase from 

rubber trees after contact time of 1 hour. The Azo Citrus Red 2 had % decolorization 

of 32. Azo yellow 6 showed % decolorization of 33.87%. About 70% decolorization 

of Azo yellow 12 was obtained due to HRP-catalyzed reaction at pH of 4 after contact 

time of 1 hour as reported by Maddhinni et al. (2006). Azo Pink and Azo Purple had 

20.4 and 22.6 respectively. The two vat dyes (Vat Green 9 and Vat Orange 11) had % 

decolorization of 18 and 12% respectively. Chanwun et al. (2013) reported % 

decolorization of 68 for Brilliant Green. This shows that peroxidase is more effective 

in decolorizing Azo dyes than Vat dyes. This could be as a result of the differences in 

their chemical structures. Azo dyes have free hydroxyl group (-OH) that are easily 

oxidized to provide H which is required to reduce the oxidized form of peroxidase for 

the reaction circle to continue. Unlike Azo dyes, Vat dyes have insoluble complex 

polycyclic molecules based on the quinone structure (ketoforms). 

 

The spectral results of the various dyes were also evaluated. For Azo Brilliant 

Black, dye absorbs at 219 and 614nm. Addition of buffer shows shift in ƛmax to 224 



and 589nm. This means that there was likely interaction of dye, buffer and enzyme; 

the mixture absorbing at 224 and 654nm shows strong interaction leading to 

bathochromic effect which suggests that a likely new specie was formed. Addition of 

H2O2 did not show any change after 1hour contact time. After 20hours contact time, 

ƛmax changed to 694nm. Oxidation had taken place leading to new species. In Azo 

Blue 5, there was a strong interaction after 20hours contact time. New species were 

likely formed due to the oxidation of the dye. Vat green 9 showed shift to 689 and 

279nm after 20hours. This showed that there was a strong interaction due to the 

oxidation of the dye leading to the formation of new species. Vat Orange 11, Azo 

Pink, Azo Purple and Azo Yellow 6 showed shift in ƛmax which could be as result of 

the oxidation of the dye, leading to the formation of new species. H2O2 serves as an 

initiator of the peroxidase activity. It helps to oxidize peroxidase into a catalytically 

active form that is capable of reacting with the phenolic contaminant (Preethi et al., 

2013). After 1 hour incubation (at 30oC), the concentration of the dye (spectral peak) 

was reduced drastically. A little reduction was noticed after 20 hours incubation of the 

dye-peroxidase mixture. In most cases, there was no much significant difference in 

absorbance after 1hour contact time. This suggests that 1hour is enough for the 

enzymatic reaction. 

 

4.1 Conclusion 

The cabbage peroxidase treatment of azo dyes could be applied for the 

detoxification and remediation of wastewater effluents especially from textile 

industry. Indeed, this novel process could be considered ecologically friendly, simple 

to handle, economical (since no chemical reagent is needed except hydrogen 

peroxide) and can react on extreme condition. The work shows also that the 

enzymatic activity could also decolorize vat (indigo and anthraquinone) dyes. 

 

4.2 Recommendations 

Our study provided a new perspective for the use of this enzyme in environmental 

remediation. Further studies should focus on further purification of the cabbage 

peroxidase to enhance its activity and characterization of different peroxidase 

isoezyme in cabbage. Mass production of the enzyme should be achieved by genetic 

engineering. Further research should be done to elucidate the reaction mechanism and 



the identification of the products obtained from the decolorization process by this 

enzyme.  
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APPENDICES 

1.0.  Preparation of solutions 

1.1. Preparation of buffer solution 

1.1.1. Phosphate buffer (0.0.5M) pH 6.0 



di-sodium hydrogen orthophosphate (Na2HPO4) in 1000ml of distilled water 

Molecular weight of Na2HPO4= 142g 

1M of 1000ml= 142g/mol 

0.1M Na2HPO4= 0.1 x 142g/mol = 14.2g 

14.2g of Na2HPO4 was dissolved in distilled water and stirred with magnetic 

stirrer until a homogenous solution was formed. The solution was titrated against 

phosphoric acid till the required pH was obtained at room temperature. Then distilled 

water was added to make it up to 1000ml 

1.1.2. Tri’s (C6H11NO3) buffer (0.05M), 100ml volume, pH 8.0, 8.5, 9.0 

Molecular weight= 121.14g 

1M= 121.14g/mol 

0.05M = 0.05x121.14 =6.057g 

1000ml= 0.05M = 6.057g 

Therefore 100ml=  

0.61g of Tri’s was dissolved in distilled water and stirred with magnetic stirrer 

until a homogenous solution was formed. The solutions were titrated against HCl 

untill the required pHs were obtained at room temperature. Then distilled water was 

added to make each solution up to 100ml. 

1.1.3. Acetate (CH3COONa) buffer (0.05M), volume of 100ml, pH 3.5, 4.0, 

4.5, 5.0, 5.5 



Molecular weight of CH3COONa = 82.03g 

1M CH3COONa = 82.03g/mol 

0.05M CH3COONa = 0.05x82.03= 4.10g 

1000ml = 0.05M = 4.10g 

Therefore, 100ml =  

0.41g of acetate was dissolved in distilled water and stirred with magnetic stirrer 

until a homogenous solution was formed. The solutions were titrated against HCl until 

the required pHs were obtained at room temperature. Then distilled water was added 

to make each solution up to 100ml. 

1.2. Preparation of Hydrogen peroxide solution (0.01M to 2.4M) 

The stock H2O2 was labeled 30%, specific gravity =1.10g, molecular weight= 34g 

Using the formula; 

 

For 0.01M,  

              

                

                 



Therefore, to prepare 0.01M of H2O2 in 100ml, 0.1ml of H2O2 from the stock was 

dissolved in 20ml of distilled water and was made up to 100ml mark using distilled 

water. 

1.3. Preparation of 0.1% O-dianisidine solution (0.04M) 

Molecular weight of O-dianisine = 244.3g/mol 

 

 

 

 

Therefore to prepare 0.04M of O-dianisidine, 0.489g of O-dianisidine was 

dissolved in little volume of methanol and made up to 50ml mark with methanol. The 

mixture was then filtered with Whatman filter paper. The filtrate was used as the O-

dianisidine solution. 

 

 

1.4. Preparation of Vat dye solution 

Vat Green 9 and Vat Orange 11 were prepared by dissolving 7g of the dye 

pigment, 3g of sodium hydrosulphite salt and 3g of NaOH in 200ml of boiling water 

and was made up to 2000ml 



Azo Brilliant Black, Azo trypan Blue, Azo Blue 5, Azo Citrus Red 2, Azo Yellow 

6, Azo Pink and Azo Purple were prepared by dissolving 0.5g of the dye pigment in 

500ml of distilled water. 

1.5. Preparation of the Component Reagents For Protein Determination 

The reagents used were prepared as follows; 

Solution A: 2g of Na2CO3 and 0.4g NaOH were dissolved in distilled water and make 

it up to 100ml with distilled water. 

Solution B: 0.5g of sodium potassium tartarate and 0.25g of CuSO4 were dissolved in 

distilled water and make it up to 50ml with distilled water. 

Solution C: 1N folin ciocalteau (phenol reagent) in 1:1 dilution with distilled 

water. 

Solution D: 0.02g of bovine serum albumin (BSA) dissolved in 100ml of distilled 

water. Concentration of the BSA is 0.02g/100ml (0.2mg/ml). 

Solution E: 50ml of solution A + 1ml of solution B 

 

 

 

 

 

 

 

 



 

Protein Standard Curve, Using Bovine Serum Albumin (BSA) 

 

 

 

 

 


