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Abstract

Glucose oxidases catalyse the oxidation of β-D-

glucose into gluconic acid by utilizing molecu-

lar oxygen as an electron acceptor with a simul-

taneous production of hydrogen peroxide. Due 

to their versatility, glucose oxidases are com-

mercially gaining a lot of attention in biotech-

nology, in the chemical, pharmaceutical and 

food industry, as well as in health care. �e de-

mand for the application in biosensors has in-

creased recently. In the �eld of textile technolo-

gy, glucose oxidases represent a method for the 

generation of hydrogen peroxide required for 

bleaching cellulose �bres. For the generation of 

hydrogen peroxide, the glucose gained during 

desizing can be used. Bleaching with glucose 

oxidase thus represents an economic and eco-

logical potential when compared to the classi-

cal process with added hydrogen peroxide. �is 

review represents the basic properties and pro-

duction processes of glucose oxidases, reveals 

their multitudinous technological applications 

and emphasises recent research in the �eld of 

bleaching cotton �bres.          

Keywords: enzymes, glucose oxidase, bleaching, 

fermentation, gluconic acid
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ljenje, izpiranje in nevtralizacijo se porabi veliko vode in energije, 

-

-

-

Aspergillus, Penicillium ali 

Saccharomyces -

Aspergillus niger, in sicer 

za proizvodnjo glukonske kisline ali njenih soli, natrijevega in kal-

1 Introduction

Biotechnology is a �eld of applying living or-

ganisms and their components in the industrial 

processes and products. In 1981, the European 

Federation of Biotechnology de�ned biotechnol-

ogy as an integrated use of biochemistry, micro-

biology and chemical engineering with the pur-

pose of applying microorganisms [1]. Enzymes 

are biological catalysts which accelerate bio-

chemical reactions. In the reactions, they mod-

ify the chemical bonding of other substances, at 

the same time not being consumed or changed 

during these reactions. Chemically, they are 

natural proteins composed of more than 100 

di!erent amino acids [2]. Regarding the speci-

�city of a chemical reaction, enzymes are clas-

si�ed into the following six groups: oxidoreduc-

tases (EC 1), transferases (EC 2), hydrolases 

(EC 3), lyases (EC 4), isomerases (EC 5) and 

lygases (EC 6). In the �eld of textile pretreat-

ment and �nishing processes, EC1 (catalases, 

lacases, peroxidases, glucose oxidases) and EC 

3 (amylases, cellulases, pectinases, proteases, ly-

pases) groups of enzymes are essential [3].          

During the last years, intensive research of bi-

otechnological processes involving enzymes and 

microorganisms has been made in the �eld of 

textile technology. A proper use of enzymes 

which operate at milder pH and temperature 

conditions can strongly reduce water, energy, 

time and dangerous chemicals consumption in 

the textile pretreatment processes. Enzymes are 

distinguished according to their speci�c work-

ing activity, i.e. each enzyme performs a spe-

ci�c function in a speci�c part of the substrate. 

�erefore, in an enzymatic pretreatment, the 

textile substrate is less damaged when com-

pared to a classical pretreatment. Being nat-

ural substances and biologically decomposa-

ble, enzymes do not present an obstacle during 

the wastewater treatment, which results in the 

wastewater being less polluted. Several process-

es, e.g. desizing with amylases or biopolishing of 

jeans with cellulases, are practically indispen-

sable, while others, e.g. bioscouring of cotton 

with pectinases or enhancement of hydrophili-

cy of polyester with esterases, are still ploughing 

their way into industrial uses. Bleaching of nat-

ural cellulose �bres represents one of the pro-
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2.1 Mehanizem reakcije glukoza oksidaze

-

-

-

 skupina ponovno oksidira 

cesses for which the use of potential enzymes is 

still being investigated. Cotton is bleached with 

hydrogen peroxide, which is an ecologically un-

disputable substance. However, bleaching with 

hydrogen peroxide takes place in strong alka-

li bathes at high temperatures. Bleaching, rins-

ing and neutralisation require large amounts of 

water and energy; moreover, during the bleach-

ing process, �bres might get damaged [4]. In 

consequence, an environment-friendly bleach-

ing process would be essential and would sup-

plement the enzymatic pretreatment of cotton, 

starting from desizing, through scouring and 

bleaching.     

Figure 1: Reaction mechanism [5]

�e enzymes glucose oxidases are representa-

tives of the oxidoreductases group, marked EC 

1.1.3.4. �ey catalyse the oxidation of β-D-

glucose to gluconic acid by utilizing molecular 

oxygen as an electron acceptor with a simul-

taneous production of hydrogen peroxide. �e 

most common microbial sources for the produc-

tion are the Aspergillus, Penicillium and Sac-

charomyces species. Most of the commercially 

produced enzymes glucose oxidases are isolated 

from the mycelium of Aspergillus niger, grown 

principally for the production of gluconic acid 

or its salts, sodium or calcium gluconate [5]. 

�e present review represents the reaction 

mechanisms of glucose oxidases, their basic 

characteristics, production, industrial impor-

tance and recent research in the �eld of textile 

pretreatment.    

2.2 Pogoji delovanja glukoza oksidaze
-

-
+ +, Cu -

-

Asper-

gillus niger, Penicilli-

um amagasakiense -

-

-

-

Aspergillus niger, 

Aspergillus, -

Penicillium
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2.3 Analiza aktivnosti glukoza oksidaze
-

-

-

-

-

-

proučevanje kinetičnih lastnosti glukoza oksidaze se lahko upora-

-

 

2 Glucose oxidases characteristics

Glucose oxidases are "avoproteins which 

catalyse the oxidation of β-D-glucose into 

D-glucono-δ-lactone and hydrogen perox-

ide using molecular oxygen as an electron ac-

ceptor. �e reaction is divided into a reductive 

and oxidative step. In the reductive step, a re-

action during the oxidation of β-D-glucose 

into D-glucono-δ-lactone hydrogen peroxide is 

formed. Subsequently, the "avine adenine dinu-

cucleotide group (FAD), representing the active 

site of glucose oxidases, is reduced to FADH
2
. 

In the following oxidation step, the reaction en-

zymes lactonases (EC 3.1.1.17) catalyse hydrol-

2.4 Imobilizacija glukoza oksidaze

-

-

-

-

-

-

ke koncentracije vodikovega peroksida lahko povzročijo deaktiva-

oksidaze tako, da nastali vodikov peroksid razgradijo v vodo in ki-

-

-

Figure 2: Analyses of glucose oxidases activity with ABTS (le$) and o-dianisidine (right) chromogenic dyes [5]

O O

O   O   O

ysis of D-glucono-δ-lactone to D-gluconic acid. 

Here, the reduced FADH
2
 group is once more 

oxidized to FAD (cf. Figure 1) [5]. 

Glucose oxidases are highly speci�c in con-

verting the β-anomers of D-glucose, while 

α-anomers do not appear to be a suitable sub-

strate. �e inhibitors of glucose oxidases include 

hydroxylamine, hydrazine, phenylhydrazine, 

sodium bisulphate, Ag+, Hg+, Cu2+ etc. Glucose 

oxidases produced from various microorgan-

isms di!er in their operating temperature, oper-

ating pH range and operating activity. Glucose 

oxidases catalyse the hydrogen peroxide gener-

ation at the pH range 4.5–7. �e optimum pH 

range for glucose oxidases from the Aspergillus 

niger and Penicillium amagasakiense species 

was shown to be 3.5–6.5 and 4.0–5.5, respec-

tively. Enzymes are very sensitive to the chang-

es in temperature. �e relationship between the 

reaction rate and temperature is exponential. 
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-

Aspergillus, Penicillium 

ali Saccharomyces -

-

-

-

Aspergillus niger uspevajo na vseh virih ogljiko-

-

-

For each 10 °C rise in temperature, the rate of 

the enzyme reaction doubles. �e optimum op-

erating temperature of glucose oxidases from 

Aspergillus niger is 40–60 °C. �e operating ac-

tivity of glucose oxidases from the Aspergillus 

species is slightly higher compared to the oper-

ating activity of glucose oxidase from the Peni-

cillium species (cf. Table 1) [5].                 

To determine the glucose oxidases activity, an 

analytical method based on the principle that 

glucose oxidases oxidize β-D-glucose into β-D-

glucono-δ-lactone and hydrogen peroxide is 

used. Hydrogen peroxide is then utilized to ox-

idise the substrate with peroxidases. 2,2-azino-

di-(3-ethylbenzthiazolin-sulphonate) (ABTS) 

Table 1: Examples of some microorganisms and media composition to produce glucose oxidases [5]  

Penicillium variabile

Penicillium pinophilum O 

Aspergillus niger – glucose 

Saccharomyces cerevisiae 

Aspergillus niger BTL

Aspergillus niger AM111
CaCO

-

-

-

-

-

-

Aspergillus niger

-

or o-dianisidine substrates are used to deter-

mine the glucose oxidases activity  (cf. Figure 

2). ABTS forms a greenish-blue oxidized prod-

uct measured at 420 nm, while the oxidized o-

dianisidine forms a quinoneimine dye meas-

ured at 500 nm. �e resultant colour change of 

the substrate is monitored spectrophotometri-

cally. To study the kinetic properties of glucose 

oxidases, the FT-IR method, which is based on 

the absorption of the substrate and the prod-

uct at di!erent frequencies, can be used. �e 

advantages of using the FT-IR method are the 
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-

-

-

-

-

speed of assay, the need for smaller amounts 

of the substrate and enzyme, and the feasibil-

ity of the quantifying D-glucono-δ-lactone for-

mation [5].    

In classical processes, enzymes are disposed af-

ter the usage. �e methods of immobilization 

involve adsorption, ionic and covalent bind-

ing on optional carriers. When compared to the 

classical process, the immobilization process en-

ables lower enzyme consumption. Furthermore, 

the immobilized enzymes can be used in repeat-

ed applications. Glucose oxidases have been 

immobilized on various materials, e.g. poly-

ethylene acrylic acids copolymer membranes, 

silicone supports, silk �broin membranes, ac-

tivated carbon, glass, collagen, polycarbonate, 

polyurethane, polypyrrole �lms, cellulose etc. 

Since high surface area materials enable a high-

er catalytic enzyme activity, the porous glass 

and cellulose represent the most popular sup-

ports. �e co-immobilization of glucose oxidas-

es and catalases can be performed on inorganic 

and porous magnesium silicate supports. High 

hydrogen peroxide concentrations can deacti-

vate glucose oxidases. Catalases present in the 

support protect glucose oxidases in decompos-

ing the generated hydrogen peroxide into water 

and oxygen. �e co-immobilization improves 

the operating activity, stability and enables a 

repeated application of glucose oxidases. �e 

immobilized enzymes have been implement-

ed on a larger scale in the food industry, where 

they have replaced the free enzyme processes. 

In addition, they are used to produce optically 

pure substances in the chemical and pharma-

ceutical industry [5, 6].

3 Glucose oxidases production 

 process

To produce glucose oxidases, the microorgan-

isms of the Aspergillus, Penicillium or Saccha-

romyces species have to be grown with a fer-

mentation process [5]. �e production takes 

place in a reactor containing a nutritive medi-

um, without light and under speci�c require-

ments, i.e. pH range, temperature and pressure 

[2].

mechanical separation of glucose oxidases from cells or mycelia

(vibrating, oscillating)

solid-liquid separation

(separation with ammonium sulphate)

sedimentation

(salt removal) 

ionic chromatography

(salt removal)

lyophilisation

size exclusion chromatography

"nal product

(puri!ed glucose oxidases)

Figure 3: General set of processes to produce pure glucose oxidases 

[5]
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katalaze ter ločevanje glukoza oksidaze z večjo od glukoza oksida-

-

-

-

-

vrednostih, večjo stabilnostjo do težkih kovin in oksidacijskih 

Aspergillus niger, -

-

-

-

-

-

-

ga peroksida iz zračnega kisika in glukoze, pa so nova alternativa 

-

-

-

-

-

-

-

-

�e medium required for the microorganisms 

to produce glucose oxidases contains various 

carbohydrate sources (glucose, sucrose, galac-

tose etc), peptone, water, inorganic salts, nitro-

gen compounds, calcium carbonate etc. Various 

carbohydrate sources in"uence the growth and 

operating activity of glucose oxidases (cf. Ta-

ble 1). Although microorganisms from the As-

pergillus niger species successfully grow on each 

carbohydrate source, higher growth values of 

glucose oxidases have been obtained when us-

ing the glucose, sucrose and molasse media. 

Higher glucose oxidases growth quantity can 

be achieved by adding carbohydrates in small-

er portions at a later stage [5].          

�e temperature and pH range in"uence the 

growth and physiology of microorganisms. �ey 

a!ect the nutritive solubility and uptake, en-

zyme activity, cell-membrane morphology, by-

product formation, and oxidation and reduc-

tion reactions. �e optimum pH range for the 

growth and enzyme production is between 

6 and 7. Calcium carbonate and other phos-

phates are used to regulate the optimum pH 

range. �e optimum medium for the glucose 

oxidases production should contain 3% of cal-

cium carbonate. �e optimum temperature for 

the production di!ers from one microorganism 

species to another. �e optimum production 

temperature for glucose oxidases from Aspergil-

lus niger is 27–37 °C. 

A$er the fermentation process is completed, 

the reactor still contains large amounts of use-

less nutritive sources, water, microorganisms 

and useable enzymes. Hence, a crucial step af-

ter the completion of the fermentation process 

is recovery of glucose oxidases from the reac-

tor (cf. Figure 3). Glucose oxidases can be pro-

duced intracellularly or extracellularly, or in the 

form of mycelia. �e separation of glucose oxi-

dases from cells or mycelia can be facilitated by 

using mechanical forces (i.e. vibrating, oscillat-

ing), centrifugation and �ltration. For a com-

plete separation of enzymes, a set of various 

processes is required (cf. Figure 3) [5]. 

Low productivity and a simultaneous produc-

tion of other enzymes as catalases represent the 

basic di*culties that burden the glucose oxidas-

es production. Catalases catalyse the decompo-

sition of hydrogen peroxide into molecular ox-
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-

-

-

gojih je proizvedeni vodikov peroksid neaktiven za beljenje, saj le-

-

-

-

dostnega aktiviranja vodikovega peroksida niso dosegali zadostne 

-

-

-

-

-

-

-

-

-

-

-

koza oksidaze proizvajale vodikov peroksid, ki se je sočasno prek 

-

ygen and water. �e reaction takes place at the 

temperature 20–50 °C and pH range 6–10 [7]. 

Catalases which are present in the glucose oxi-

dases preparations can undesirably decompose 

the enzymatically generated hydrogen peroxide. 

�e chromatography methods enable a success-

ful separation of glucose oxidases and catalas-

es, and a separation of glucose oxidases with a 

higher operating activity from glucose oxidases 

with a lower operating activity.

Individual production processes to gain pure 

enzymes are very demanding. �erefore, sci-

entists vigorously research preliminary genet-

ic modi�cations of microorganisms that en-

able a higher quantity production of a speci�c 

enzyme. �e use of genetic engineering enables 

the enzyme production of higher purity levels 

and qualitative modi�ed properties (e.g. high-

er e*ciency, higher thermal stability, higher op-

erating activity with a higher pH range, high-

er stability towards hard metals and oxidation 

agents, longer time stability) [5].                       

�e �nal glucose oxidases preparation from As-

pergillus niger remains stable for minimum 6 

months at the temperature around 20 °C. Pol-

yhydric alcohols (i.e. ethylene glycol, glycerol, 

erythritol, xylitol, sorbitol, polyethylene glycol) 

have shown stabilizing e!ects of glucose oxidas-

es end product [5].        

4 Previous research in "eld of fabric 

 pretreatment in textile 

 technology 

Desizing, conventional scouring with sodium 

hydroxide and bleaching with added hydro-

gen peroxide in a strong alkaline pH and at a 

high temperature are pretreatment processes 

of cellulose fabrics. �ese processes consume a 

lot of energy, water and chemicals, and cause 

damage to cellulose �bres [6]. Enzymes amy-

lases have been used in desizing for almost as 

long as a century. During the last few years, en-

zymes pectinases have gained importance in the 

bioscouring of cotton. Pectinases decompose the 

pectin inside the epidermis of cotton �bres and 

consequently remove other hydrophobic sub-

stances (waxes) from the �bre surfaces, making 

them hydrophilic [4]. Glucose oxidases which 

catalyse the generation of hydrogen peroxide by 
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izkuhavanje za procese beljenja so iz vlaken odstranjene nečistoče 

-

-

-

-

-

je tudi do dvakratno količino vodikovega peroksida, in sicer okoli 

-

-

-

-

-

rabljena belilna aktivatorja v industriji detergentov sta tetraacetile-

-

-

-

-

-

Glukoza oksidaze so v zadnjih letih, zahvaljujoč njihovi vsestran-

-

utilizing molecular oxygen and glucose repre-

sent a new alternative of bleaching fabrics with 

enzymes. For the generation  of hydrogen per-

oxide, the glucose gained during fabric desizing 

can be used. Enzymes amylases are classi�ed 

into α-amylases, β-amylases, α-1,6-glucosidases 

and amyloglucosidases. Today, desizing with 

α-amylases is used, the latter decomposing 

starch into partly degraded oligosaccharides.                     

Anis et al [8, 9] researched the ability of bleach-

ing with enzymes glucose oxidases. For ef-

�cient bleaching, the bleaching bath should 

contain around 800 mgl–1 of glucose. �ey con-

cluded that α-amylases generate an insu*cient 

amount of glucose, only 200 mgl–1, while at the 

same conditions amyloglucosidases generate 

4000 mgl–1, respectively. Only amyloglucosidases 

are capable of dividing the β-D-glucose units of 

amylopectin, amylose or glycogen. Subsequently, 

the end product of desized starch is represented 

only by single units of glucose. �e optimal con-

ditions of producing glucose in desizing liquor 

were determined at the pH value 4.1 with add-

ed acetic acid, temperature 62 °C and time 45 

minutes. A$er a successful desizing with amylo-

glucosidases, bleaching of cotton with enzymat-

ically generated hydrogen peroxide took place. 

�e optimal conditions for generating hydrogen 

peroxide with glucose oxidases were determined 

at the temperature 55 °C and time 45 minutes 

in an acidic pH. At these conditions, the gener-

ated hydrogen peroxide is inactive for bleach-

ing, since it e!ectively bleaches at the pH range 

10.5–10.8 and temperature 90–120 °C. �ere-

fore, the generated hydrogen peroxide has to be 

activated for bleaching. �ey tested bleaching 

at the temperature of around 90 °C in various 

pH media. Bleaching in acid and neutral media 

took place with hydrogen peroxide activators. 

�e results showed that the samples bleached in 

acid and neutral media did not reach an ade-

quate whitening index due to the insu*cient ac-

tivation of hydrogen peroxide. �e whitening 

index of the samples bleached with enzymatical-

ly gained hydrogen peroxide in alkaline media 

at the temperature 90 °C was only by 7% low-

er compared to the samples bleached with a tra-

ditional process with added hydrogen peroxide. 

Opwis et al [10] established that the amount 

of hydrogen peroxide generated with enzymes 
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-

Biosenzorji glukoze za diabetike

-

-

-

Biogorivne celice 

-

-

-

glukoza oksidaze ali glukoza dehidrogenaze katalizirajo oksidacijo 

Dodatki v prehrani in pijači

ohranjajo barvo, okus in čistost konzerviranih izdelkov in gazira-

sredstvo, ki se lahko s pretvorbo v vodo in kisik odstrani z dodat-

-

za oksidaze in katalaze se uporablja za preprečevanje dehidracije 

Vina z nizko vsebnostjo alkohola 

-

-

Ustna higiena 

Glukoza oksidaze in laktoperoksidaze so lahko tudi antibakterij-

se bakterijske vrste Streptococci povzročajo razkrajanje zobne skle-

-

Glukonska kislina 

-

-

glucose oxidases increases when adding the en-

zyme in small doses during the whole bleaching 

process.                                           

Gluconic acid is an end product of the enzy-

matic treatment of glucose with glucose oxidas-

es. �e gluconic acid generated in the bleaching 

bath presents an excellent complexing agent, 

which complexes the heavy metal ions which 

are disturbing for the bleach. �e addition of 

stabilizing agents as magnesium salts and wa-

ter glass is not necessary. �e addition of cyclo-

dextrins protects glucose oxidases and other en-

zymes from their deactivation, which is caused 

by anionic surfactants (e.g. dispersing agents, 

wetting agents, anti-foams etc) [10, 11].         

Tzanov et al [6] researched bleaching with glu-

cose oxidases immobilised on silanized po-

rous supports, alumina oxide and glass, using 

glutaraldehyde as the crosslinking agent. �e 

glass support bound higher percentage of en-

zymes and the rate of hydrogen peroxide gen-

eration was faster than with alumina oxide. 

However, the alumina oxide support appeared 

to be more appropriate for a repeated applica-

tion. It can be reused for at least three assays. 

�e fabrics bleached with immobilised enzymes 

had a higher whiteness degree than the fabrics 

bleached with free enzymes.            

Opwis et al [12] used for the decolouration of 

the dyeing bath a new method with a simulta-

neous application of glucose oxidases and per-

oxidases. Peroxidases catalyse on the basis of 

hydrogen peroxide the oxidation of coloured 

compounds le$ in the dyeing bath. Neverthe-

less, they become inactive at a higher hydro-

gen peroxide concentration. Consequently, the 

glucose oxidases generated hydrogen peroxide 

which was simultaneously used by peroxidases 

for the decolouring of coloured compounds. 

�e research of the enzymatic pretreatment 

of cellulose fabrics focuses on the optimiza-

tion of individual processes and on joining in-

dividual processes into a one-bath treatment. 

With joined pretreatment processes, the auxil-

iary agents, energy and rinse water are spared. 

�e negative feature of reusing the desizing and 

bioscouring treatment baths are the impuri-

ties and other non-�bre contaminants removed 

from the �bres. �ey are deposited on the fab-

ric and during the bleaching process, a certain 
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ska kislina je nekorozivna, nehlapna, nestrupena in blaga organska 

-

-

-

-

-

-

Aspergillus niger -

-

radi visoke tržne cene glukonske kisline in njenih derivatov se in-

-

va kislost, sterilizira in beli prehranske izdelke, kot sol je v upora-

tako pa se kot blaga kislina uporablja v kovinski in usnjarski indu-

 – -

-

-

 – -

As-

pergillus niger, -

-

 –

 –

 – -

-

 

-

amount of hydrogen peroxide is lost for their 

bleaching [13]. Eren et al [14] combined into 

a one-bath treatment the desizing with amylo-

glucosidases, bleaching with enzymatically gen-

erated hydrogen peroxide with glucose oxidas-

es, the decomposition of the remained hydrogen 

peroxide a$er the bleaching with catalases and 

the dyeing with a selected reactive dye. �e 

whiteness degree of enzymatically treated sam-

ples was by 11% lower compared to the white-

ness degree of conventionally treated samples. 

�ey discovered that the samples treated in a 

one-bath enzymatic treatment had higher ten-

sile strength compared to the samples bleached 

with a conventional treatment. �e reason 

lies in a lower hydrogen peroxide concentra-

tion during the bleaching treatment. �e con-

ventional treatment compared to the enzymat-

ic one can contain even more than a double 

amount of hydrogen peroxide, i.e. around 1500 

mgl–1. �ey also concluded that the enzymatic 

one-bath treatment has less impact on the en-

vironment, the COD was lower by 42%, BOD 

by 21%, while at the conventional treatment, 

starch ends in the wastewater and consequently 

contributes to the pollution of the environment. 

As mentioned earlier, bleaching with hydrogen 

peroxide is the most frequent way of bleaching 

fabrics and takes place in strong alkaline me-

dia at high temperatures. �is process demands 

a lot of energy and damages cotton �bres. �e 

negative aspects of bleaching with hydrogen 

peroxide can be reduced by using bleaching ac-

tivators, which convert hydrogen peroxide into 

peracetic acid. �e generated peracetic acid has 

a higher oxidative power compared to hydrogen 

peroxide and therefore enables bleaching at a 

lower temperature in neutral media. �e most 

frequently used bleaching activators in the de-

tergent industry are tetraacetylethylenediamine 

(TAED) and nonanoyloxybenzene sulphonate 

(NOBS) [15]. Various types of bleaching acti-

vators and their optimal activity in the bleach-

ing process have been the subject of research for 

many years now [16–24].          

At the Department of Textiles, Faculty of Natu-

ral Sciences and Engineering, University of Lju-

bljana, the enzymatic pretreatments have been 

researched for several years [25–31]. Currently, 

the research is focused on the bleaching of cot-
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ton fabrics with enzymes glucose oxidases. For 

the bleaching, some bleaching activators have 

been tested (i.e. TAED, TBBC and NOBS). 

Promising results are shown by TAED and 

TBBC; however, the whiteness degree is still not 

comparable with the whiteness degree of tradi-

tionally bleached fabrics. Further work involves 

the process optimisation and testing of other 

bleaching activators, and combining individual 

enzyme pretreatment processes of cotton fabrics 

into a one-bath treatment.   

5 Applications of glucose oxidases  

Glucose oxidases have gained considerable 

commercial importance in the last few years 

due to their multitudinous applications in the 

chemical, pharmaceutical and food industry, 

health care, biotechnology etc. Glucose oxidases 

are the most widely used enzymes as analytical 

reagents for the determination of glucose due to 

their relatively low cost and good stability [5]. 

Glucose oxidases are one of the possible en-

zymes that can be used in biosensors to meas-

ure blood glucose levels. Biosensors work by 

keeping a track of electrons and their resultant 

charge when they pass through enzymes and 

get connected to an electrode. Some biosensors 

work in monitoring the changes of "uorescence 

in the active site (FAD) of glucose oxidases [5].   

Bioelectronic devices require a small power 

source to sustain operations. During the biocat-

alysing process, biocells convert the biochemical 

energy into electrical energy. One type of biofu-

el cells uses enzymes as biocatalysts. �ese bio-

fuel cells consist of a two-electrode set modi�ed 

with biocatalysed enzymes that speci�cally oxi-

dise or reduce substrates. For example, enzymes 

glucose oxidases or glucose dehydrogenases can 

catalyse glucose oxidation on the anode, while 

enzymes lacases or bilirubin oxidases catalyse 

oxygen reduction on the cathode [5].      

Glucose oxidases successfully remove the resid-

ual glucose and oxygen in order to preserve the 
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colour, taste and purity of tinned products and 

gassed beverages. �e generated hydrogen per-

oxide is an excellent antibacterial source that 

can be converted to water and oxygen with 

the addition of enzyme catalases. For exam-

ple, a combination of glucose oxidases and cat-

alases is used to prevent the dehydration of egg 

powder during the manufacture. �e addition 

of glucose oxidases into wheat dough improves 

bread quality [5].      

Glucose oxidases reduce the potential alcohol 

content of wine by about 2% through a partial 

conversion of glucose into D-glucono-δ-lactone. 

During the fermentation process, enzymes work 

antibacterially against the acetic and lactic acid 

bacteria. Consequently, fewer preservatives 

need to be added [5].

Oral hygiene 

Glucose oxidases and lactoperoxidases can also 

be used as antimicrobial agents in the oral-

care products. �e bacteria species Streptococ-

ci, which is housed in the oral cavity and caus-

es tooth decay, can be successfully exterminated 

through the enzymatically generated hydrogen 

peroxide [5]. 

Gluconic acid

�e enzymes glucose oxidases are an important 

source of the gluconic acid production, which is 

the end product of D-glucono-δ-lactone hydrol-

ysis. Gluconic acid is noncorrosive, non-vola-

tile, nontoxic, mild organic acid resistant to ox-

idation and reduction at high temperatures. As 

a chelating agent in an alkaline pH, it chelates 

heavy metal ions (Ca2+, Fe2+, Al3+ etc), its action 

is better than that of EDTA and other chelators. 

�ere are di!erent approaches available for the 

production of gluconic acid, namely a chemi-

cal, electrochemical, biochemical and bioelectro-

chemical approach. Due to the low production 

costs and higher e*ciency, gluconic acid is still 

commercially obtained through the fermenta-

tion process from the Aspergillus niger microor-

ganisms and glucose as the main carbon hydrate 

source. �e glucose concentration in the media 

is 10–15% either in the form of glucose mono-

hydrate crystals or fructose or dextrose syr-
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Appl. Microbial Biotechnol., 

up with a 98% yield of gluconic acid. Since the 

commercial prices of the obtained gluconic acid 

and its derivatives are very high, cheaper sourc-

es of carbon hydrates are intensively searched 

for. Gluconic acid is produced for the use in food 

(34.5%), pharmaceutical (9.2%) and construc-

tion (46%) industry. As a food additive, it reg-

ulates the food product acidity, sterilizes and 

bleaches food products, and as salt, it is used in 

medicine products. In the construction indus-

try, it is used as a concrete reinforcement for a 

higher resistance towards extreme weather con-

ditions. It is also used as mild acid in the metal 

and leather industry. In nature, it can be found 

in honey, fruit and wine [5, 11, 32].         

6 Conclusions

Regarding the present review, the following can 

be concluded:

– Glucose oxidases are very important enzymes 

present in many industrial processes. Today, 

glucose oxidases are indispensable in the food 

and pharmaceutical industry, and in the �eld 

of biotechnology. 

– Glucose oxidases can be produced from var-

ious microorganisms; however, until today, 

only few enzymes have gained commercial 

importance. Glucose oxidases produced from 

the microorganisms Aspergillus niger are in 

comparison to others distinguished by their 

wider operating pH range, operating activity 

at higher temperatures and higher operating 

activity. 

– �e chemical modi�cation of recent enzymes 

and genetic engineering enables the produc-

tion of more e*cient glucose oxidases.  

– A research in the immobilization processes of 

glucose oxidases showed their good stability 

and ability of repeated applications.   

– Glucose oxidases successfully generate hydro-

gen peroxide required for bleaching cellulose 

fabrics. �erefore, bleaching with glucose ox-

idases, compared to the classical process with 

added hydrogen peroxide, represents an eco-

nomic and ecological potential. Further in-

vestigations focus on attaining the whiteness 

index comparable to the whiteness index of 

conventionally bleached fabrics.        


