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Abstract  
 
The enzyme catalase is known to catalyse the breakdown of hydrogen peroxide into oxygen 

and water. Hydrogen peroxide metabolism is mainly regulated by this enzyme. Catalase is a 

common enzyme found in nearly all living organisms. It has one of the highest turnovers of 

all enzymes as it has the capacity to decompose more than one million molecules of hydrogen 

peroxide, per molecule of enzyme. Catalase has been used as an important enzyme in many 

biotechnological areas including bioremediation. This paper gives a review of its use and 

application in the field of bioremediation as an indicator of hydrocarbon degradation in soil 

(an important aspect in bioremediation of crude oil pollution), as a provider of oxygen in 

aerobic bioremediation process and in the removal of H2O2 from bleaching industry effluent 

and also its potential use in the food industry. 
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Introduction  
 
Catalase (EC 1.11.1.6) enzyme is an oxidoreductase enzyme as it plays a crucial role in 

quenching the reactive oxygen species (ROS), i.e. hydrogen peroxide, often produced as a 

by-product of aerobic respiration (Beers and Sizer., 1952). Hence it acts as an antioxidant and 

protects the cell against oxidative stress (Abbott et al., 2009, Kirkman et al., 1987). The 

enzyme is found in a wide range of aerobic and anaerobic organisms. Catalase has one of the 

highest turnover number as one molecule of enzyme hydrolysing over a million molecules of 

the substrate i.e. hydrogen peroxide per second. New applications for catalases are constantly 

emerging thanks to their high turnover number (Lončar and Fraaije 2015, Zamocky et al., 

1999), distinct evolutionary origin, reasonably simple (Alptekin et al. 2008) and well-defined 

reaction mechanisms (Baeza et al., 2013). 

The basic mechanism of the working of this enzyme involves the breakdown and subsequent 

breakdown of the reactive oxygen specie i.e. hydrogen peroxide (H2O2) into oxygen and 

water thus relieving the oxidative stress caused by this substrate as depicted in the following 

reaction (Barynin et al., 2001). 



 

                      
  2 H2O2                       Catalase                                   2 H2O        +         O2 

                      (Substrate)            (Enzyme)                    (Water)             (Oxygen) 
 

Catalase is a tetramer of four polypeptide chains, each over 500 amino acids long. It contains 

four porphyrin heme (iron) groups that allow the enzyme to react with the hydrogen peroxide. 

Catalase has a fairly broad range of working from 4-11   optimum pH (Beers, 1961; Calera et 

al., 2000; Correia et al., 1994; Diaz et al., 2012). Catalase is usually located in a cellular, 

bipolar environment organelle called the peroxisome (Fita et al., 1985). As this enzyme is 

found in mainly all organisms (aerobic and anaerobic), it has been exploited in many 

applications including food processing, textile, paper, pharmaceutical industry and also in the 

field of bioremediation as one of the upcoming areas of its application (Gromada et al., 1997; 

Hussein 2012; . Beers  et al., 1952; Youn et al 1995).This paper intends to give an account of 

how this enzyme has been exploited in the process of bioremediation in order to clean the 

environment of unwanted substances. 

The quality of the life on earth has been linked intricately to the overall quality of the 

environment. Due to the advancement of technology, living standards and industrialisation 

many substances with toxic properties have been brought into the environment. The removal 

of these toxic substances from our environment has been a topic of concern over a long 

period of time so as to eliminate the hazardous effect of these substances (Vidali, 2001). A 

process of bioremediation invented by George M. Robinson (Sonawdekar, 2012) is a 

relatively low-cost, low-technology technique that uses natural biological processes/ activity 

to degrade, transform, and/or essentially remove contaminants or impairments of quality from 

soil and water (Dana et al., 2011). Many enzymes of microbial origin have been used as an 

indicator of hydrocarbon degradation in soil which includes lipases, catalases and 

dehydrogenase. In this paper the role of the enzyme catalase has been established as an 

indicator for testing hydrocarbon degradation in soil by monitoring the changes in its activity 

during the bioremediation of crude oil polluted soil.  

Moreover as a result of expansion of the enzyme industry, the application of various enzymes 

in the food industry have been exploited recently including the use of catalase in various 

processes such as in determining the quality of milk, in packaging of food products, in 

production of cheese etc. A number of other applications of catalase enzyme in the industry 

are presented in the figure 1.  
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Fig.1:  Applications of catalase enzyme 

 
Bioremediation Technology  
 
Ever since the advancement of the society and scientific technologies, one of the main 

concerns has been laid on the effect on the environment caused by the rapid industrialisation 

and human activities that pollute the environment by waste disposal into soil or water bodies 

and cause its degradation (Vidal, 2001). The conventional ways of waste disposal involved 

the dumping of the wastes into land pits or into water bodies causing environmental 

degradation and stress (Sulaimani et al., 2011). An alternative form of waste management 

technique i.e. bioremediation has been explored extensively lately due to its ease of 

employment and environment friendly technology (Dua et al., 2002). 

Bioremediation is a waste management technique that involves the use of living organisms to 

remove or nullify pollutants from a contaminated site. It is a treatment that uses naturally 

occurring organisms to break down hazardous substances into less toxic or non toxic 

substances (Dana et al., 2011). The employability of various organisms like bacteria, fungi, 

algae, and plants for efficient bioremediation of pollutants has been reported. The 

involvement of plants in the bioremediation of pollutants is called as phytoremediation 

(Hammel et al., 1997, Lehninger et al., 2004;   Arora et al., 2010; Gianfreda et al., 1999; 

Ayotamuno et al., Williams, 2006; Park et al., 2006; Williams, 1997; Husain, 2006; Rubilar 

et al., 2008). 

Bioremediation is a cost effective and nature friendly biotechnology that is powered by 

microbial enzymes. The research activity in this area would contribute towards developing 

advanced bioprocess technology to reduce the toxicity of the pollutants and also to obtain 

novel useful substances (Duran et al., 2000). The process of bioremediation mainly depends 

on microorganisms which enzymatically attack the pollutants and convert them to innocuous 

products (Newman et al., 1998, Leisola et al., 2006). As bioremediation can be operative only 

where environmental conditions permit microbial activity and growth, its application often 

involves manipulation of the environmental parameters to allow microbial growth and 

degradation to proceed at a faster rate (Chacon et al, 2009).The following figure 2, gives the 

basic idea of the bioremediation process. 
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                                         Fig. 2: Simple bioremediation process 
 
Therefore due to the simplicity and the environment friendly technique of bioremediation, 

this technology has gained enormous amount of appreciation and has been exploited for the 

waste management extensively (Allard et al., 1997). The enzyme catalase of microbial origin 

has been employed in various aspects of bioremediation where it has been known to act as an 

indicator of the hydrocarbon degradation of the crude oil polluted soil (Joergensen et al., 

1995), in removal of the reactive oxygen specie hydrogen peroxide from the effluents of the 

textile industries, and also by providing oxygen in aerobic bioremediation process where it is 

used to give out oxygen by the breakdown of hydrogen peroxide (Kabana ,1982; Rila ,2008; 

Kabana, 1970; Margesin et al.,1997; Morgan et al.,1989; Achuba et al., 2014). All these 

applications of catalase enzyme are discussed further in this review. 

Catalase as an indicator of Hydrocarbon degradation  
 
Crude oil pollution has been an issue of concern as it pollutes the soil and water attenuating 

their quality. Crude oil is a naturally occurring mixture consisting predominantly of complex 

combination of hydrocarbons with other elements such as sulphur, nitrogen and oxygen 

appearing in the form of organic compounds (Achuba et al., 2014). It is a mixture of many 

different kinds of organic compounds, many of which are highly toxic and cancer causing 

(carcinogenic). They are formed by a chain  of tens of thousands of different hydrocarbon 

molecules including the straight and branched – chain alkanes (paraffinic), cycloalkanes or 

cycloparaffins (naphthenic), aromatic hydrocarbons , and alkenes having a carbon number 

ranging from as small as four to as larger molecules having more than fifty carbons.  

Pollution arising from crude oil is a recurrent anomaly (Atlas et al., 1992). The area of oil-

polluted soil was enlarged continuously due to development of petroleum industry 

(Frankenberger et al., 1982). 



Crude oil contamination significantly increases the soil pH up to 8.0, and reduces available 

phosphorus concentrations in the soil. Therefore, crude oil contamination could potentially 

alkalinize marsh soils, adversely affect soil fertility and physical properties, and cause 

deterioration of its quality (Alinnor et al., 2013). The major causes of the crude oil pollution 

includes the oil spills, waste disposal, effluent disposal, gas flares etc. The soils polluted by 

the crude oil the hydrocarbons will absorb into the soil matrix which can be attacked by the 

microbial population residing in the soil. The oil-degrading microorganisms are widely 

distributed in the soils, which played an important role in remediating the polluted soils 

(Guwy et al., 1999). It is remarkably effective to treat the groundwater and soil polluted by 

tar and crude oil with the aid of aboriginal microorganisms. The crude oil permeated into 

soil by varying ways and interacted with soil enzymes.  On one hand, the enzymes from oil-

degrading microorganisms could be as an indicator for assaying the amount and 

physiochemical property of crude oil. This technology is used mainly for the bioremediation 

of the soil either by the natural microbial species present in the soil or by artificially adding 

the desired microorganisms (bioaugmentation) that can degrade the hydrocarbons 

(Kimborough et al., 1997; Vainshtein et al., 198; Witteveen et al., 1992; Schellhorn, 1994; 

Alef et al., 1995, Pascual et al., 1998; Aebi 1974; Erdogan et al., 2011). 

Many enzymes including microbial lipase, catalase and dehydrogenase have been used an 

indicator of the hydrocarbon degradation in the course of bioremediation (Karigar et al., 

2011), where the activities of these enzymes before and after the bioremediation procedure is 

used as a parameter of the extent of bioremediation taking place in the particular area. Thus, 

the aim of that study is to monitor the changes in the activities of soil microbial catalase 

during the bioremediation of a crude oil polluted soil relative to bioremediation time. In one 

of the studies conducted on the crude oil polluted soil, the activity of the enzyme catalase 

present in the soil due to the catalase producing microorganisms was monitored. A control 

was established which contained the soil that was free of oil contamination and the catalase 

activity of this soil was used as a marker of normal enzyme activity. The soils polluted with 

100, 200 and 400 ml crude oil were used as a test for the catalase activity. It was observed 

that there was a considerable decrease in the activity of the catalase enzyme in the soils that 

where polluted with crude oil and as the bioremediation procedure was carried out with the 

help of bacteria’s such as arthrobactor species, there was a resurgence in the enzyme activity 

as the procedure progressed from 0 to 90 days (Ogbolosingha et al., 2015). This finding 

corroborates that of Achuba and Okoh (Achuba and Okoh, 2014) which create that there was 



transformed of soil catalase activity when petroleum products were added to the soil, though, 

its activity amplified few days later which they predicated on the increased microbial activity 

towards biodegradation of available petroleum hydrocarbon (Seo  et al., 2006). These 

activities place the enzyme catalase in a perfect stead as an indicator of the onset of the 

biodegradation process and therefore as an excellent marker for bioremediation (Ajao et al., 

2011). Achuba and Peretiemo-Clarke also asserted that the initial reduction of catalase 

activity could be because being an enzyme its activity is altered by unfavourable conditions 

(Achuba et. al., 2008), such as hypoxia, unavailability of nutrient and changes in pH. This 

finding place catalase in a good stead as a useful biomarker for indicating the onset of the 

biodegradation process as their activities decline after the rate of biodegradation has 

decreased. 

In yet an another study conducted with the rhodococcus strain , the impact of crude oil on the 

activity of the enzyme catalase from this strain was studied continuously for 120 days (Leilei 

et al., 2012) . The study showed a decrease in the enzyme activity initially and as the 

bioremediation procedure progressed near the end days, there was restored catalase activity of 

the strain indicating the success of the bioremediation as now the enzyme was available from 

the Rhodococcus strain that was used for the bioremediation of the polluted soil (Leilei ; 

Azaizeh  et al., 2011; Kariga 2011; Seo  et al., 2006). 

 
 

 

 

 

 

 

 

 

 



Fig. 3: Graph depicting catalase activity variation during bioremediation 

The graph (figure 3) shows the variation in the catalase enzyme activity as the process of 

bioremediation progresses from day zero where a decrease in the enzyme activity can be 

observed in the polluted soil as compared to the remediated soil where the soil was 

remediated with the rhodococcus strain providing the catalase enzyme that was used for the 

degradation of the petroleum substrates due to crude oil pollution of the soil .The blue orange 

and grey colours in the graph represent the unpolluted, unremediated ,and remediated soil 

respectively. The catalase activity in soil could have modulated by many factors, such as 

microorganism, temperature, nutrients, oxygen, and moisture. In the present study was 

presence of petroleum hydrocarbon in the soil is acted both as a nutrient as well as oxygen 

limiting agent.  Therefore the rhodococcus strain used in this study could have up regulated 

the catalase activity to provide more of free oxygen for utilization of petroleum hydrocarbon 

by the bacteria (Sharma et al., 2014). 

Catalase as oxygen provider in aerobic bioremediation  

Bioremediation involves the use of microorganisms for the breakdown of the wastes so as to 

provide an environmental friendly method of waste management. Microorganisms can be 

aerobic or anaerobic in nature. Aerobic microorganisms are those that require the provision of 

oxygen for their microbial activity (Margesin et al., 2000). The availability of oxygen is one 

of the main considerations in the aerobic bioremediation of the wastes. In the presence of 

aerobic conditions and appropriate nutrients, microorganisms can convert many organic 

contaminants to carbon dioxide, water, and microbial cell mass. Aerobic bioremediation uses 

oxygen as the electron acceptor. Aerobic metabolism is more commonly exploited and can be 

effective for hydrocarbons and other organic compounds, such as petroleum hydrocarbons 

and some fuel oxygenates (e.g., methyl tertiary-butyl ether [MTBE]) (Sutton et al., 2011; 

Brown et al., 1994). 

Hydrogen peroxide can be used as one of the substrates that can provide the required oxygen 

demand of the microorganisms involved in the bioremediation (Zappi et al., 2000). The 

breakdown of H2O2 into oxygen and water gives out the oxygen required by aerobic 

microorganisms for the breakdown of organic wastes being treated. Hydrogen peroxide was 

used to supply oxygen for enhanced the bioremediation process and tolerance of the system 

to assessed (Brown et al., 1994; Zappi et al., 2000). Therefore catalase is one of the main 

enzymes that can cause the degradation of hydrogen peroxide into oxygen and water as 



mentioned earlier. Since catalase is an enzyme that is most readily present in almost all the 

aerobic and anaerobic microorganisms, it can be used in the decomposition of the substrate 

hydrogen peroxide into oxygen and water thus giving the required oxygen supply in the 

process of bioremediation. According to the laboratory tests that were run, hydrogen peroxide 

was shown to rapidly decompose and produce pure gaseous oxygen (Margesin et al., 2000).  

The decomposition of the hydrogen peroxide was shown to be caused by the enzymatic 

catalysts. As reported by Nagaprasad and Madhu when Hydrogen peroxide injection was 

provided into the wastes requiring the use oxygen for their decomposition by aerobic 

microorganisms, H2O2 decomposition took place by the action of the enzyme catalase present 

in the waste being bioremediated (Nagaprasad and Madhu, 2012). 

.Catalase as discussed earlier has one of the highest turnover of all enzymes as it has the 

capacity to decompose more than one million molecules of hydrogen peroxide, per molecule 

of enzyme. It therefore rapidly decomposes the injected hydrogen peroxide into gaseous 

oxygen and water providing oxygen for the bioremediation by the aerobic microorganisms. 

Catalase in treating bleaching effluents from textile industry  

Catalase was also used for the removal of hydrogen peroxide from bleaching effluents of 

textile industries because of the stringent environmental impact of this reactive oxygen 

species. Catalase moreover has been used in the process of bioremediation where hydrogen 

peroxide (H2O2) is used as a source of oxygen in aerobic conditions as it leads to breakdown 

of H2O2 into water and oxygen. The effluents from the textile industries contain a high 

amount of hydrogen peroxide due to the bleaching process used in these industries. 

Particularly, textile bleaching is a water intensive process and thus, several methods have 

been suggested to degrade the bleaching agent hydrogen peroxide, which would allow 

recycling of the bleaching effluent in the dyeing process. Water consumption for processing 

of the textile raw material varies with different textiles like Lyocell fibre and cotton.  Lyocell 

fibre fiber production stage is dependable for the lowest water consumption than cotton 

fibers. Lyocell fiber required on average 1384, 34.5, and 35.3 m3/t water as compared to 263, 

2767, and 203 m3/t water for cotton (Chico et al., 2013, Amorim et al., 2002).  Moreover it is 

now an important step to get rid of this reactive oxygen specie due to the problems of process 

costs and pollution of residual waters of the textile industry requiring increased attention due 

to the new ecological regulations and from an economic point of view (Dickinson et al., 

1984). 



The use of chemicals such as hydrosulphite or sodium bisulphite for the reduction of H2O2 

can lead to unwanted raise in the salt concentration during the process. Alternatively 

Catalases can be used to degrade H2O2 (Vasudevan et al., 1994) so as to decrease water 

consumption or to recycle the washing liquor for dyeing. Catalase form the microorganisms 

can be used to bio-remediate the effluents from textile industry by decomposing the hydrogen 

peroxide into oxygen and water. 

Catalases has been studied and its application has been exploited for a longer than any other 

type of enzyme with the first biochemical characterization reported almost 100 years ago 

(May D.W., 1901, Tzanov et al., 2001). Catalase was one of the first enzymes isolated in a 

high state of purity, and its crystallization from beef liver extracts ranked among the early 

triumphs of biochemistry. The use of catalase in treating the effluents of textile industry 

requires the exploitation of the alkalithermostable catalase from microorganisms so that the 

enzyme can withstand high PH values and temperature above 600c.  There is very little 

known about catalases from alkalithermophilic micro-organisms, although enormous 

progress has been made over the last few years in the research area of extremophiles 

(Krulwich et al., 1989; Krulwich et al., 1997). Some thermoalkalophilic Bacilli are known, 

however, alkalithermophiles seem to be more abundant among anaerobic organisms (Wiegel, 

1989). 

Although catalase is one of the most effective biocatalysts in terms of turn-over number, cost 

of enzyme for the degradation of H2O2 of bleaching effluents could be reduced by 

immobilization of the enzyme. Many industrial processes use immobilized enzymes and 

catalases have been immobilized on numerous carrier materials such as alumina, gelatine, 

polyacrylamide and hen egg shell, artificial membranes, and carbon materials. Alumina 

pellets is one of the frequently used carrier material for catalases due to their stability at high 

pH and temperatures. In one of the studies, catalases from three newly isolated 

thermoalkophilic Bacillus sp. were immobilized on alumina pellets for the treatment of 

bleaching effluents. The reuse of the treated bleaching effluent for subsequent dyeing lead to 

savings in overall water consumption of up to 50%. 

A catalase peroxidase (CP) from the newly isolated Bacillus SF was also used to treat textile-

bleaching effluents (Gudelj et al., 2001, Zhenxiao Yu et al., 2016). The enzyme was high 

stable at high pH 6-10 and temperatures at 50 °C. The enzyme was immobilised on various 

alumina-based carrier materials with different shapes and the specific activity increased with 

the porosity of the carrier. The shape of the carrier had an important influence on the release 



of oxygen formed during the catalase reaction from the packed-bed reactor and Novalox 

saddles were found to be the most suitable shape. Bleaching effluent was treated in a 

horizontal packed-bed reactor containing 10 kg of the immobilised CP at a textile-finishing 

company. The treated liquid (500 L) was reused within the company for dyeing fabrics with 

various dyes. 

The enzyme Catalase Peroxidase has also been immobilised by glutaraldehyde-coupling to 

the silanised support for this purpose. A horizontal column reactor (3.6 cm diameter, 5.11 cm 

long) was loaded with 60 g of the biocatalyst (immobilised enzyme). After rinsing the reactor 

system with sodium phosphate buffer (50 mM, pH 7.0) until a constant A240 was reached, this 

value was set to zero. The maximum Absorbance at 240 nm was determined via a bypass and 

then the measurement was started by pumping the hydrogen peroxide solution through the 

reactor system. Conversion was calculated from the difference in Absorbance at 240 nm and 

at the end of the reactor system. Hence catalase peroxidase is one of the main enzymes used 

in cleaning of textile effluents. Catalase has therefore provided an alternate way of 

bioremediating the effluents and making it possible to reuse the bleaching effluent in the 

subsequent dying steps that are involved in the textile industries (Paar et al., 2001; Allgood et 

al., 1986; Aebi ,1983; Fruhwirth et al., 2002; Chatterjee et al., 2002; Horst et al., 2006). The 

following table summarises various sources of catalase used in the process of bioremediation. 

Table: Sources of catalase for various bioremediation processes 

Bacterial strain  Catalase activity  Bioremediation 
process  

References  

Arthrobacter species Catalase positive  Indicator of 
hydrocarbon 
degradation in soil 
bioremediation  

Ogbolosingha et al., 
2015 

Rhodococcus strain Catalase positive  remediation of the 
polluted crude oil 
 

Leilei et al., 2012 

Bacillus SF Thermo alkali stable 
catalase  

treatment and 
recycling of textile 
bleaching effluents 

Paar et al., 2001 

Bacillus SF immobilised catalase 
peroxidase 

treatment and 
recycling of textile 
bleaching effluents 
 

Fruhwirth et al., 
2002 

Escherichia coli and 
Saccharomyces 
cerevisiae, 

Aerobic catalase 
producing 
microorganisms  

aerobic 
bioremediation 

Sutton et al., 2011 



 

Catalase in food industry  

The enzyme industry as we all knows it today is the result of rapid development seen mainly 

over the past four decades thanks to the evolution of the modern biotechnology. Enzymes 

found in nature have been used since in the production of food products, such as cheese, 

sourdough, beer, wine and vinegar, and in many other food processing operations. All of 

these processes depend on either the enzymes produced by microorganisms or enzymes 

present in added preparations such as calves’ rumen or papaya fruit. As a result the 

application of various enzymes in the food industry have been exploited recently including 

the use of catalase in various processes such as in determining the quality of milk, in 

packaging of food products, in production of cheese etc.  

Catalase in production of cheese 
 

The enzyme Catalase has been identified to be of use in one particular area of cheese 

production. Hydrogen peroxide (H2O2) is a potent oxidizer and toxic to cells. It is used 

instead of pasteurization, when making certain cheeses such as Swiss, in order to preserve the 

natural milk enzymes that are beneficial to the end product i.e. cheese and subsequent flavour 

development in the processed cheese. These enzymes would be destroyed by the high heat of 

pasteurization which may be as high as 140 0C. This process is referred to as cold 

pasteurization .The use of  H2O2 for the purpose of cold pasteurization is legitimate and used 

for the production of cheese milk as permitted by the food and drug administration (FDA) .  

 However, residues of hydrogen peroxide in the milk can hinder the bacterial cultures that are 

required for the actual cheese production process, so all traces of H2O2 must be removed. 

Catalase enzymes are typically obtained from bovine livers or microbial sources and are 

added to convert the hydrogen peroxide to water and molecular oxygen. In this way the 

enzyme catalase is used in order to get rid of the reactive oxygen species i.e. hydrogen 

peroxide from the milk after cold pasteurization (Geciova et al., 2002). The use of catalase 

has proven to be a very cost efficient and also a comparatively environmental friendly 

method of getting rid of excess hydrogen peroxide from milk samples for cheese production 

(Kilcawley et al., 1989).The process is depicted in the following figure 4. 
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Fig. 4: Catalase use in cheese production 
 
Catalase in food wrappers  

Active packaging is one of the most innovative food packaging perceptions that have been 

introduced in response to the continuous changes in the current consumer demands and 

market trends that are favourable. Active packaging or smart packaging has not only been 

employed in packaging of the food products but also in pharmaceutical and many other 

products requiring a larger shelf life.  

Active packaging has been employed in protection of food and other products from moisture, 

metal chelation, temperature, oxidation, atmospheric degradation etc. For in package situation 

the enzyme may be added directly to the product to effect a reaction or may be incorporated 

into package structure. To function within a package material the enzyme must be 

immobilized. Immobilization of an enzyme or placing it in a static position where it may 

function for an indefinite period may be accomplished by making the enzyme an integral part 

of the packaging material. Recently, enzymes have been employed in the packaging materials 

for more cost effective and easier eco friendly purposes. Commercially available enzymes 

can be easily used for this purpose rendering the process of active packaging a promising way 

out for perishable products. 

(Environment friendly ) (Cost effective ) 

(H2O2  hindering bacterial cultures in milk )  

for protection of milk enzymes 



Major active packaging techniques are concerned with substances that absorb oxygen in order 

to prevent food products from being oxidized (Vermeiren et al., 1999). In many cases, food 

deterioration is caused by oxidation of food constituents or spoilage by moulds in the 

presence of O2. Glucose oxidase – catalase based food wrappers or packaging materials can 

be employed in the oxygen scavenging technique. Glucose oxidase is a highly specific 

enzyme, from the fungi Aspergillus niger and Penicillium, which catalyses the oxidation 

of glucose by transferring two hydrogen’s from the CHOH group of glucose to O2 with the 

formation of to glucono-1, 5 - lactone (which spontaneously hydrolyses non-enzymically to 

gluconic acid using molecular oxygen) and releasing hydrogen peroxide.  Thus the oxygen is 

used in this reaction and is removed from subsequent reaction. Since hydrogen peroxide 

being one of the most dangerous by product of this reaction, catalase enzyme is used along 

with glucose oxidase in food wrappers for the protection of food products from reactive 

oxygen specie i.e. hydrogen peroxide (Grigoras A. G., 2017, Nikola L., 2015, Floros et al., 

1997; Day 1998).  

Catalase-glucose oxidase system in food industry   

Catalase has been used along with glucose oxidase in many applications of food industry. The 

enzyme system has been used to demonstrate the antioxidant effect of the combined enzyme 

mixture in food products like mayonnaises and in the removal of glucose from the egg whites 

before drying for use in the baking industry. A mixture of the enzymes is used (165 U kg-1) 

together with additional hydrogen peroxide (about 0.1 % (w/w)) to ensure that sufficient 

molecular oxygen is available, by catalase action, to oxidise the glucose. It therefore aids in 

the removal of glucose from egg whites by providing oxygen for oxidation of glucose by 

breaking down its substrate i.e. hydrogen peroxide into oxygen and water (Scott et al.,1953). 

It was observed according to the literature, that the antioxidative effect of the GOW/CAT 

enzyme system depends on the concentration of the fish oil in the mayonnaises i.e on the 

vulnerability to oxygen. It was observed that the mayonnaises with soybean oil and enzyme 

system did not show any oxidation when stored for 12 weeks. Moreover it was observed that 

the increase in the concentration of enzymes from 400 to 800 U/kg had no substantial effect 

on the antioxidant effect of the enzymes made with the soybean oil, but a light decrease in the 

mayonnaises containing 200 g/kg fish oil and a more significant effect on fish oil 

mayonnaises having 400 g/kg fish oil (Isaksen et al., 1997).  



These results suggested that oxygen competition between two parallel reactions that is 

enzymatic removal of oxygen and lipid oxidation influences the antioxidative efficiency of 

the enzyme system GOX/CAT. Furthermore the formation of the volatile oxidation products 

also further indicate the potential antioxidative effect of the enzyme system .It was 

demonstrated in the literature that this enzyme system was able to retard the lipid oxidation in 

mayonnaises when stored between the temperatures of  5 °C and 25 °C (Loliger  1989; 

Frankel 1993). 

According to the literature, the GOX/CAT enzyme system has also been used to control the 

browning of the fruit purees, which has always remained a challenge for the fruit processing 

industry. The commonly used techniques used involve the use of chemical antioxidants for 

example ascorbic acid and sulphites, and also the use of high temperature (Parpinello et al., 

2002). These additives have however shown to cause an adverse effect on the health of the 

consumers making the use of these chemical antioxidants questionable. The enzyme system 

GOX-CAT, however provides an alternative, acting as natural antioxidant option for 

protection of purees from browning. It was observed that the treatment of fruit purees with 

GOX/CAT enzyme system removed 99% of dissolved oxygen responsible for browning 

within 120s (Amiot et al., 1992; Ashie et al., 1996). 

Catalase test for mastitis to determine milk quality  
 
Infectious Bovine Mastitis is one of the major diseases plaguing the livestock industry today. 

It renders the milk obtained from the cow altered in its constituency. The catalase test has 

been used as an indicator of the milk quality to separate the infected milk from the cow from 

the normal healthy milk. The Lind apparatus for catalase determination was developed by 

Orla (Orla-Jensen. S., 1931). It consists of a 20 ml. test tube with a one-holed rubber stopper 

with a piece of S-shaped glass tubing inserted in it (Fig. 5). It has been reported to be used for 

catalase Mastitis test. The test consists of placing 15 ml of the milk to be tested in the tube 

and adding 5 ml H2O along with the milk. Catalase in the milk breaks down the substrate i.e. 

hydrogen peroxide into oxygen and water. The amount of oxygen collected acts as an 

indicator of the quality of the milk as amount above 1.5 to 2.5 is considered to be abnormal. 

The catalase test rarely misses a case of infectious mastitis unless the infection is almost 

completely walled off. (Martin, 1979; Maddy, 1954). 



 
Fig. 5: The Lind apparatus 

Conclusion  

The role of catalase enzyme in various aspects of bioremediation has been demonstrated by 

this review paper. Catalase has proven to be one of the most abundant and easily available 

enzymes of the microbial origin that can effectively act as an indicator of bioremediation step 

involved in the remediation of the crude oil polluted soil as its activity is highly affected by 

hydrocarbon pollution. It has also shown to provide oxygen by breaking down of hydrogen 

peroxide into water and oxygen during the aerobic bioremediation of wastes thus acting as a 

source of oxygen for the aerobic microorganisms. Its application in the removal of hydrogen 

peroxide from the bleaching effluents and making it possible for the water to be reused again 

for subsequent dying steps has been one of the main use this enzyme in bioremediation of 

waste effluents from textile industries. There is very little known about catalases from 

alkalithermophilic micro-organisms, although enormous progress has been made over the last 

few years in the research area of extremophiles. This class of catalase can solve many 

problems involved in the use of catalase by increasing its tolerance towards high temperature 

(above 60 0C) and high PH. 

Its use in the food industry has been established in various field that include production of 

cheese , removal of glucose from egg whites for bakery purposes , as an antioxidant enzyme 

system along with glucose oxidase, in food wrappers and in checking milk quality . It 

therefore proves to be of use in many food processing areas. This enzyme has been studied 



since almost 100 yrs. however, research on catalases is still going on and this class of 

enzymes continues to surprise us. 
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