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Abstract

Glucose oxidases catalyse the oxidation of 3-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. The de-
mand for the application in biosensors has in-
creased recently. In the field of textile technolo-
&), glucose oxidases represent a method for the
generation of hydrogen peroxide required for
bleaching cellulose fibres. 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. This
review represents the basic properties and pro-
duction processes of glucose oxidases, reveals
their multitudinous technological applications
and emphasises recent research in the field of

bleaching cotton fibres.

Keywords: enzymes, glucose oxidase, bleaching,

fermentation, gluconic acid

Vodilni avtor/corresponding author:
dr. Petra Forte Tavcer

tel:+ 38612003293

e-mail: petra.forte@ntf.uni-lj.si

Glukoza oksidaze — potencialni encimi za beljenje tekstilnih viaken

Nina Spicka, Petra Forte Tavcer
Oddelek za tekstilstvo, Naravoslovnotehniska fakulteta,
Univerza v Ljubljani

Glukoza oksidaze - potencialni
encimi za beljenje tekstilnih

vlaken

Pregledni znanstveni ¢clanek
Poslano januar 2011 « Sprejeto februar 2011

lzvlecek

Glukoza oksidaze katalizirajo oksidacijo 3-D-glukoze v glukonsko
kislino in z uporabo molekularnega kisika kot elektron akceptor-
ja simultano proizvajajo vodikov peroksid. Glukoza oksidaze so za-
hvaljujo¢ vsestranski uporabi postale komercialno zelo pomemb-
ne v biotehnologiji, kemicni, farmacevtski in prehranski industriji ter
v zdravstvu. V zadnjih letih je povprasevanje po encimih glukoza
oksidaze naraslo predvsem zaradi uporabe v biosenzorjih. V tekstil-
ni tehnologiji so glukoza oksidaze tudi metoda za pridobivanje vo-
dikovega peroksida za beljenje celuloznih viaken. Za tvorbo vodiko-
vega peroksida se lahko uporabi glukoza, nastala pri predhodnem
razskrobljanju tkanin. Tako je postopek beljenja z encimi glukoza
oksidaze ekonomski in ekoloski potencial v primerjavi s klasi¢nim
postopkom beljenja z dodanim vodikovim peroksidom. Prispevek
opisuje osnovne znacilnosti in postopke pridobivanja glukoza oksi-
daz ter podaja pregled uporabe v razli¢nih tehnoloskih segmentih
s poudarkom na dosedanjih raziskavah pri beljenju bombaznih vla-
ken.

Klju¢ne besede: encimi, glukoza oksidaze, beljenje, fermentacija,
glukonska kislina

1 Uvod

Biotehnologija je aplikacija zivih organizmov in njihovih kompo-
nent v industrijske postopke in proizvode. Leta 1981 je Evropska
federacija za biotehnologijo definirala biotehnologijo kot integri-
rano uporabo biokemije, mikrobiologije in kemi¢nega inzenirin-
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1 Introduction

Biotechnology is a field of applying living or-
ganisms and their components in the industrial
processes and products. In 1981, the European
Federation of Biotechnology defined 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
different amino acids [2]. Regarding the speci-
ficity of a chemical reaction, enzymes are clas-
sified 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 field of textile pretreat-
ment and finishing processes, ECI (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 field 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 specific work-
ing activity, i.e. each enzyme performs a spe-
cific function in a specific part of the substrate.
Therefore, 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 fibres represents one of the pro-
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ga z namenom izkori$¢anja biokultur [1]. Encimi so bioloski ka-
talizatorji, ki pospesujejo hitrost biokemijskih reakcij. V reakciji
spreminjajo kemi¢ne vezi drugih spojin, ne da bi se pri tem sami
porabili ali spremenili. Kemi¢no so naravni proteini, sestavljeni iz
ve¢ sto razlicnih aminokislin [2]. Glede na specifi¢cnost kemijske
reakcije se encimi delijo na $est glavnih skupin: oksidoreduktaze
(EC 1), transferaze (EC 2), hidrolaze (EC 3), liaze (EC 4), izome-
raze (EC 5) in ligaze (EC 6). Na podrocju tekstilnega plemenitenja
sta pomembni skupini EC 1 (katalaze, lakaze, peroksidaze, gluko-
za oksidaze) in EC 3 (amilaze, celulaze, pektinaze, proteaze, lipa-
ze) [3].

Na podrodju tekstilne tehnologije se v zadnjih letih intenzivno
proucujejo biotehnologki procesi, v katerih sodelujejo encimi in
mikroorganizmi. S pravilno uporabo encimov v procesih plemeni-
tenja tekstilij lahko mo¢no zmanj$amo porabo vode, energije, ¢asa
in nevarnih kemikalij, saj encimi delujejo pri blagih pogojih pH in
temperature. Za encime je znacilno specifi¢cno delovanje. To po-
meni, da vsak encim izvaja le dolo¢eno funkcijo na natan¢no do-
lo¢enem mestu substrata. Zato se praviloma tekstilni substrat med
encimsko obdelavo manj poskoduje kot pri klasi¢nih obdelavah.
Ker so encimi naravne snovi in so biolosko razgradljivi, ne pome-
nijo ovire za ¢i$¢enje odpadnih voda, ki so praviloma tudi manj
obremenjene. Nekateri postopki, kot je razskrobljenje z amilaza-
mi ali biopoliranje dZinsa s celulazami, so tako reko¢ nepogreslji-
vi, medtem ko si drugi, kot je izkuhavanje bombaza s pektinaza-
mi ali izbolj$anje hidrofilnosti sinteti¢nih vlaken z esterazami, Se
utirajo pot v $irSo industrijsko uporabo. Med postopke, za katere
se $e raziskujejo moznosti uporabe encimov, spada beljenje narav-
nih celuloznih vlaken. Bombaz se beli z vodikovim peroksidom, ki
sam po sebi sicer ekolosko ni sporna spojina. Vendar poteka belje-
nje z njim v moc¢no alkalnih kopelih pri visoki temperaturi, za be-
ljenje, izpiranje in nevtralizacijo se porabi veliko vode in energije,
med postopkom pa se lahko poskodujejo vlakna [4]. Zaradi nave-
denih razlogov bi bil dobrodosel postopek, ki bi omogocal okolju
prijaznejse beljenje in bi zaokrozil encimsko predobdelavo bom-
baza od razskrobljenja, prek izkuhavanja do beljenja.

Encimi glukoza oksidaze so predstavniki skupine encimov oksi-
doreduktaz z oznako EC 1.1.3.4. in katalizirajo oksidacijo B-D-
glukoze v glukonsko kislino ter z uporabo molekularnega kisika
kot elektron akceptorja simultano proizvajajo vodikov peroksid.
Pridobivajo se z mikroorganizmi vrste Aspergillus, Penicillium ali
Saccharomyces. Vec¢ina komercialno proizvedenih encimov gluko-
za oksidaze se pridobiva iz micelijev gliv Aspergillus niger, in sicer
za proizvodnjo glukonske kisline ali njenih soli, natrijevega in kal-
cijevega glukonata [5].

V prispevku so predstavljeni mehanizmi reakcije glukoza oksidaz,
osnovne znacilnosti, njihovo pridobivanje, industrijski pomen in
raziskave, ki potekajo pri uporabi glukoza oksidaz v tekstilnem
plemenitenju.
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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, fibres 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
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2 /nacilnosti glukoza oksidaze

2.1 Mehanizem reakcije glukoza oksidaze

Glukoza oksidaze so flavoproteini, ki katalizirajo oksidacijo p-D-
glukoze v D-glukon-6-lakton in vodikov peroksid z uporabo mo-
lekularnega kisika kot elektron akceptorja. Reakcija je sestavljena
iz redukcijske in oksidacijske stopnje. V redukcijski stopnji reakci-
je z oksidacijo B-D-glukoze v D-glukon-8-lakton nastaja vodikov
peroksid. Pri tem je flavo-adenin-dinukleotidna skupina - FAD, ki
je aktivno mesto encima glukoza oksidaze, zreducirana v. FADH,.
Sledi oksidacijska stopnja reakcije, v kateri encimi laktonaze (EC
3.1.1.17) katalizirajo hidrolizo D-glukon-8-laktona v D-glukon-
sko kislino. Tukaj zreducirana FADH, skupina ponovno oksidira

bleaching. v FAD (slika 1) [5].
OH
OH
glucose oxidases lactonases HO OH
+o, ———> +H0 —> OH
CH HO HO 0

p-D-glucose

OH

D-glucono-&-lactone D-gluconic acid

glucose oxidase - FADH, <= glucose oxidase - FAD

Figure 1: Reaction mechanism [5]

The enzymes glucose oxidases are representa-
tives of the oxidoreductases group, marked EC
1.1.3.4. They catalyse the oxidation of p-D-
glucose to gluconic acid by utilizing molecular
oxygen as an electron acceptor with a simul-
taneous production of hydrogen peroxide. The
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].

The present review represents the reaction
mechanisms of glucose oxidases, their basic
characteristics, production, industrial impor-
tance and recent research in the field of textile

pretreatment.

2.2 Pogoji delovanja glukoza oksidaze

Glukoza oksidaze so visokospecifi¢ne za pretvorbo -izomerov D-
-glukoze, medtem ko a-izomeri niso primeren substrat. Zaviralci
aktivnosti glukoza oksidaz so hidroksilamin, hidrazin, fenilhidra-
zin, natrijev bisulfat, Ag*, Hg*, Cu*" itd. Glukoza oksidaze, prido-
bljene z razli¢nimi mikroorganizmi, se razlikujejo v temperaturi
delovanja, pH obmod¢ju delovanja in aktivnosti delovanja. Gluko-
za oksidaze katalizirajo tvorjenje vodikovega peroksida pri pH
vrednosti od 4.5 do 7. Optimalna pH vrednost obmocja delovanja
glukoza oksidaz, proizvedenih z mikroorganizmi podvrste Asper-
gillus niger, je od 3.5 do 6.5 in z mikroorganizmi podvrste Penicilli-
um amagasakiense od 4.0 do 5.5. Encimi so na splo$no zelo obcu-
tljivi na spremembe v temperaturi. Stopnja reakcije in temperatura
reakcije sta eksponentno povezani. Pri vsakem dvigu temperatu-
re za 10 °C se stopnja encimske reakcije podvoji. Optimalna tem-
peratura delovanja glukoza oksidaz, proizvedenih z mikroorganiz-
mi podvrste Aspergillus niger, je od 40 °C do 60 °C. Na splo$no je
aktivnost glukoza oksidaz, pridobljenih z mikroorganizmi vrste
Aspergillus, nekoliko visja od aktivnosti glukozaoksidaz, proizve-
denih z mikroorganizmi vrste Penicillium (tabela 1) [5].
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2 Glucose oxidases characteristics

2.1 Glucose oxidases reaction
mechanism

Glucose oxidases are flavoproteins which
catalyse the oxidation of B-D-glucose into
D-glucono-6-lactone and hydrogen perox-
ide using molecular oxygen as an electron ac-
ceptor. The reaction is divided into a reductive
and oxidative step. In the reductive step, a re-
action during the oxidation of B-D-glucose
into D-glucono-0-lactone hydrogen peroxide is
formed. Subsequently, the flavine adenine dinu-
cucleotide group (FAD), representing the active
site of glucose oxidases, is reduced to FADH,,
In the following oxidation step, the reaction en-

zymes lactonases (EC 3.1.1.17) catalyse hydrol-
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2.3 Analiza aktivnosti glukoza oksidaze

Za analizo aktivnosti glukoza oksidaz se uporablja analiti¢na me-
toda, ki temelji na dejstvu, da glukoza oksidaze ob prisotnosti ki-
sika oksidirajo B-D-glukozo v B-D-glukon-8-lakton in vodikov
peroksid. Peroksidaze nato na osnovi vodikovega peroksida kata-
lizirajo oksidacijo obarvanega substrata. Za analizo aktivnosti se
uporabljata substrata 2,2-azino-di-(3-etilbenztiazolin-sulfonat)
(ABTS) ali o-dianizidin (slika 2). ABTS oksidiran substrat tvo-
ri zeleno-modro obarvan produkt z maksimumom absorpcije pri
420 nm valovne dolZine, oksidiran o-dianizidin pa tvori kinoni-
minsko barvilo z maksimalno absorpcijo pri 500 nm. Spremem-
ba barve oksidiranega substrata se izmeri spektrofotometri¢no. Za
proucevanje kineti¢nih lastnosti glukoza oksidaze se lahko upora-
bi metoda FT-IR, ki temelji na absorpciji substrata in produkta pri
razli¢nih valovnih dolzinah. Prednosti metode FT-IR so v hitrejsi
analizi, potrebi po manjsi koli¢ini substrata in encima ter mozno-
sti doloc¢anja koli¢ine proizvedenega D-glukon- §-laktona [5].

glucose oxidase

0, + B-D-glucose —————————> D-glucono-&-lactone + H.0,

> %

peroxidases
ABTS i, +2H.0,

+HO

(oks) 2

ABTS,

peroxidases

o—dianisidine(y +2H0 o-dianisidine , . +H.O
ed) 272 (oks.) 2

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

ysis of D-glucono-6-lactone to D-gluconic acid.
Here, the reduced FADH, group is once more
oxidized to FAD (cf. Figure 1) [5].

2.2 Glucose oxidases operating activity

Glucose oxidases are highly specific in con-
verting the [-anomers of D-glucose, while
a-anomers do not appear to be a suitable sub-
strate. The inhibitors of glucose oxidases include
hydroxylamine, hydrazine, phenylhydrazine,
sodium bisulphate, Ag*, Hg*, Cu?* etc. Glucose
oxidases produced from various microorgan-
isms differ 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. The 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. The relationship between the

reaction rate and temperature is exponential.

2.4 Imobilizacija glukoza oksidaze

Pri klasi¢nih postopkih se encimi po uporabi zavrzejo. Z metodo
imobilizacije se encimi adsorpcijsko, ionsko in kovalentno veZejo
na poljubne nosilce. Pri imobilizaciji se v primerjavi s klasi¢nimi
postopki porabi manjsa koli¢ina encima. Poleg tega so imobilizira-
ni encimi veckrat uporabni. Glukoza oksidaze so bile v preteklosti
imobilizirane Ze na razlicne materiale, kot so kopolimerne mem-
brane iz polietilen akrilne kisline, silikonske nosilce, svilene fibro-
inske membrane, aktiviran ogljik, steklo, kolagen, polikarbonat,
poliuretan, polipirolne filme, celulozo itd. Porozno steklo in celu-
loza sta najpogosteje uporabljena nosilca zaradi velikega volumna
notranjih por, ki omogocajo visjo kataliti¢no aktivnost encima. Na
anorganskih in poroznih magnezijevih silikatnih nosilcih je mogo-
e socasno imobilizirati encima glukozo oksidazo in katalazo. Viso-
ke koncentracije vodikovega peroksida lahko povzrocijo deaktiva-
cijo encimov glukoza oksidaze. Katalaze v nosilcu varujejo glukoze
oksidaze tako, da nastali vodikov peroksid razgradijo v vodo in ki-
sik. So¢asna imobilizacija tako izbolj$a aktivnost, stabilnost in po-
novno uporabo encimov glukoza oksidaze. Imobilizirani encimi so
v ve¢jem obsegu ze zamenjali klasicne postopke s prostimi enci-
mi v prehranski industriji. Prav tako se uporabljajo za pridobivanje
opti¢no ¢istih spojin v kemi¢ni industriji in farmaciji [5, 6].
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For each 10 °C rise in temperature, the rate of
the enzyme reaction doubles. The optimum op-
erating temperature of glucose oxidases from
Aspergillus niger is 40-60 °C. The 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].

2.3 Analyses of glucose oxidases activity

To determine the glucose oxidases activity, an
analytical method based on the principle that
glucose oxidases oxidize -D-glucose into f3-D-
glucono-6-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)

Glukoza oksidaze — potencialni encimi za beljenje tekstilnih viaken

3 Postopek pridobivanja glukoza oksidaz

Za pridobivanje encimov glukoza oksidaze je treba najprej s fer-
mentacijo vzgojiti mikroorganizme vrste Aspergillus, Penicillium
ali Saccharomyces [5]. Pridobivanje poteka v reaktorju brez svetlo-
be, z medijem hranilnih snovi pod natan¢no dolo¢enimi pogoji;
pH, temperaturo in tlakom [2].

Medij, s katerim mikroorganizmi proizvedejo glukoza oksidaze,
vsebuje razli¢ne vire ogljikovih hidratov (glukozo, sukrozo, galak-
tozo ...), pepton, vodo, anorganske soli, dusikove spojine, kalci-
jev karbonat itd. Razli¢ni tipi ogljikovih hidratov vplivajo na rast
in konéno aktivnost glukoza oksidaze (tabela 1). Ceprav mikroor-
ganizmi podvrste Aspergillus niger uspevajo na vseh virih ogljiko-
vih hidratov, so bile visje vrednosti aktivnosti pridobljene gluko-
za oksidaze zaznane na mediju z viri glukoze, sukroze in molaze.
Tudi poznej$e dodajanje deleza vira ogljikovih hidratov pripomo-
re, da se pridobi ve¢ glukoza oksidaze [5].

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

Microorganism Media composition [gl™] Activity [Uml™]
s . glucose (80) , NaNO, (5), KCI (0.5), KH PO, (1),
P P1 3 2z 4 5.52
enicillium variabile P16 FeSO,-7H,0 (0.01), peptone (1), CaCO, (35)
sucrose (40), Na PO,-2H,0 (4.45), KH,PO, (1.5),
Penicillium pinophilum DSM | NaNO, (1.9), MgSO,-7H,0 (0.02), CaCl,-2H,0 Lo
11428 (0.02), malt extract (10), yeast extract (5), vitamins '
(10)
Aspergillus niger — glucose
. . fcati
oxidases genetic modi .c.a tion glucose (20), yeast extract (10), peptone (20) 125
of Saccharomyces cerevisiae
microorganisms
. . sucrose (70), (NH,),HPO, (0.4), KH,PO,(0.2),
7.5
Aspergillus niger BTL MgSO,-7H,O (0.02), peptone (10), CaCO, (35)
. . glucose (80), peptone (30), NaNO, (0.5), KH,PO, (1),
2.5
Aspergillus niger AM111 CaCO, (35)

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. The 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 different frequencies, can be used. The

advantages of using the FT-IR method are the

Temperatura in pH vrednost vplivata na rast in na fiziologijo mi-
kroorganizmov. Vplivata na topnost, navzemanje surovin, aktivnost
encima, morfologijo celicne membrane, pridobivanje stranskih
produktov in reakcije oksidacije ter redukcije. Optimalna pH vre-
dnost rasti in pridobivanja encimov je med 6 in 7. Kalcijev karbo-
nat in fosfati uravnavajo pH vrednost. Optimalen medij za pridobi-
vanje glukoza oksidaze naj bi vseboval 3 % kalcijevega karbonata.
Optimalna temperatura pridobivanja se razlikuje glede na vrsto mi-
kroorganizmov. Optimalna temperatura pridobivanja glukoza oksi-
daze z mikroorganizmi podvrste Aspergillus niger je od 27 do 37 °C.
Ko je proces fermentacije konc¢an, ostanejo v reaktorju velika ko-
licina neporabljenih hranilnih snovi, voda, mikroorganizmi in $e
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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-8-lactone for-

mation [5].

2.4 Immobilization of glucose oxidases

In classical processes, enzymes are disposed af-
ter the usage. The 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 fibroin membranes, ac-
tivated carbon, glass, collagen, polycarbonate,
polyurethane, polypyrrole films, 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. The 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. The co-immobilization improves
the operating activity, stability and enables a
repeated application of glucose oxidases. The
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]. The production takes
place in a reactor containing a nutritive medi-
um, without light and under specific require-
ments, i.e. pH range, temperature and pressure

[2].
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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

-

final product
(purified glucose oxidases)

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

[5]

uporabni encimi. Zato je kljunega pomena uspe$no locevanje
glukoza oksidaz iz reaktorja (slika 3). Glukoza oksidaze se lahko
proizvedejo znotraj- ali zunajceli¢no in v obliki micelijev. Lo¢eva-
nje glukoza oksidaze iz celic ali micelijev poteka z uporabo me-
hanskih sil (tresenjem, nihanjem), centrifugiranjem ali filtracijo.
Za popolno lo¢itev encimov je potrebna vrsta razliénih procesov
(slika 3) [5].

Tezavi, s katerima se sooca proizvodnja encimov glukoza oksidaze,
sta nizka produktivnost in so¢asno pridobivanje drugih encimov,
kot so katalaze. Katalaze katalizirajo razpad vodikovega peroksida
v molekularni kisik in vodo. Reakcija poteka pri temperaturi od 20
do 50 °C ter v alkalnem pH obmo¢ju (pH 6-10) [7]. Katalaze, pri-
sotne v pripravkih z glukoza oksidazami, lahko nezeleno razgra-
jujejo encimsko proizvedeni vodikov peroksid. Metode kromato-
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The medium required for the microorganisms
to produce glucose oxidases contains various
carbohydrate sources (glucose, sucrose, galac-
tose etc), peptone, watet, inorganic salts, nitro-
gen compounds, calcium carbonate etc. Various
carbohydrate sources influence 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].

The temperature and pH range influence the
growth and physiology of microorganisms. They
affect the nutritive solubility and uptake, en-
zyme activity, cell-membrane morphology, by-
product formation, and oxidation and reduc-
tion reactions. The 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. The optimum medium for the glucose
oxidases production should contain 3% of cal-
cium carbonate. The optimum temperature for
the production differs from one microorganism
species to another. The optimum production
temperature for glucose oxidases from Aspergil-
lus niger is 27-37 °C.

After 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. The separation of glucose oxi-
dases from cells or mycelia can be facilitated by
using mechanical forces (i.e. vibrating, oscillat-
ing), centrifugation and filtration. 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 difficulties that burden the glucose oxidas-
es production. Catalases catalyse the decompo-

sition of hydrogen peroxide into molecular ox-
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grafije omogocajo uspesno lo¢evanje encimov glukoza oksidaze in
katalaze ter lo¢evanje glukoza oksidaze z ve¢jo od glukoza oksida-
ze z manjs$o aktivnostjo.

Posamezni postopki pridobivanja ¢istih encimov so izredno zah-
tevni. Zato se znanstveniki intenzivno ukvarjajo z raziskavo pred-
hodne genske modifikacije mikroorganizmov, ki so nato sposobni
proizvesti veliko koli¢ino le izbranega encima. Uporaba genskega
inZeniringa tako omogoca proizvajanje encimov z visjo stopnjo ¢i-
stosti in kvalitativno spremenjenimi lastnostmi (boljSo u¢inkovi-
tostjo, vec¢jo toplotno stabilnostjo, vecjo aktivnostjo pri visjih pH
vrednostih, ve¢jo stabilnostjo do tezkih kovin in oksidacijskih
sredstev, dalj$o ¢asovno stabilnostjo) [5].

Konc¢na oblika glukoza oksidaze, pridobljena z mikroorganizmi
Aspergillus niger, ostane stabilna najmanj Sest mesecev pri tempe-
raturi okoli 20 °C. Dobri stabilizatorji kon¢nega produkta glukoza
oksidaze so razli¢ni sladkorni alkoholi (etilen glikol, glicerol, eriti-
rol, ksilitol, sorbitol, polietilen glikol) [5].

4 Dosedanije raziskave na podrocju encimskega
beljenja tkanin

Razskrobljanje, klasi¢no izkuhavanje z natrijevim hidroksidom
in beljenje z dodanim vodikovim peroksidom v mo¢no alkalnem
mediju ob visoki temperaturi so postopki predobdelave celuloznih
tkanin. Ti postopki porabijo neznansko veliko energije, vode in
kemikalij, povzrocajo pa tudi poskodbe celuloznih vlaken [6]. En-
cimi amilaze se kot sredstvo za razskrobljanje uporabljajo Ze sko-
raj sto let. V zadnjih letih se za bioizkuhavanje bombaza uvelja-
vljajo encimi pektinaze. Pektinaze razgradijo pektin v povrhnjici
bombaznega vlakna, s ¢imer omogocijo tudi odstranjevanje dru-
gih hidrofobnih snovi (voskov) s povrsine vlakna, ki tako postane
hidrofilno [4]. Glukoza oksidaze, ki katalizirajo tvorbo vodikove-
ga peroksida iz zra¢nega kisika in glukoze, pa so nova alternativa
beljenja celuloznih tkanin z encimi. Za tvorbo vodikovega pero-
ksida se lahko uporabi glukoza, nastala pri predhodnem razskro-
bljanju tkanin. Encimi amilaze se delijo na a-amilaze, f-amilaze,
a-1,6-glukozidaze in amiloglukozidaze. Danes se za razskrobljanje
tkanin uporabljajo a-amilaze, ki razgradijo $krob na delno razgra-
jene oligosaharide.

Anis in sodelavci [8, 9] so raziskali moznost beljenja z encimi glu-
koza oksidaze. Belilna kopel za uspesno beljenje z glukoza oksi-
dazami naj bi vsebovala okoli 800 mg 1! glukoze. Ugotovili so, da
a-amilaze ne proizvedejo zadostne koli¢ine glukoze, le okoli 200
mg "', medtem ko amiloglukozidaze pri enakih pogojih proizve-
dejo kar 4000 mg 1! glukoze. Le amiloglukozidaze so sposobne ce-
piti B-D-glukozne enote amilopektina, amiloze ali glikogena in so
tako kon¢ni produkt razgradnje Skroba le posamezne enote glu-
koze. Kot optimalne pogoje pridobivanja glukoze v razskrobilni
kopeli so dolo¢ili ob pH vrednosti 4.1 z dodatkom ocetne kisline,
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ygen and water. The 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.
The 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. Therefore, sci-
entists vigorously research preliminary genet-
ic modifications of microorganisms that en-
able a higher quantity production of a specific
enzyme. The use of genetic engineering enables
the enzyme production of higher purity levels
and qualitative modified properties (e.g. high-
er efficiency, 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].

The final 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 effects of glucose oxidas-

es end product [5].

4 Previous research in field 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. These processes consume a
lot of energy, water and chemicals, and cause
damage to cellulose fibres [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 fibres and
consequently remove other hydrophobic sub-
stances (waxes) from the fibre surfaces, making
them hydrophilic [4]. Glucose oxidases which
catalyse the generation of hydrogen peroxide by
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temperaturo 62 °C in c¢as 45 minut. UspeSnemu razskrobljanju z
amiloglukozidazami je sledilo beljenje bombaza z encimsko pro-
izvedenim vodikovim peroksidom. Kot optimalne pogoje prido-
bivanja vodikovega peroksida z glukoza oksidazami so dolo¢ili
temperaturo 55 °C in ¢as 45 minut v kislem pH mediju. Pri teh po-
gojih je proizvedeni vodikov peroksid neaktiven za beljenje, saj le-
-ta uspesno beli pri pH vrednosti od 10.5 do 10.8 in temperaturi
od 90 do 120 °C. Za beljenje proizvedeni vodikov peroksid je zato-
rej treba aktivirati. Preizkusili so beljenje pri temperaturi okoli 90
°C v razli¢nih pH medijih. Beljenje v kislem in nevtralnem mediju
je potekalo z aktivatorji vodikovega peroksida. Rezultati so poka-
zali, da vzorci, beljeni v kislem in nevtralnem mediju, zaradi neza-
dostnega aktiviranja vodikovega peroksida niso dosegali zadostne
beline. Stopnja beline vzorcev, beljenih z encimsko pridobljenim
vodikovim peroksidom v alkalnem mediju pri temperaturi 90 °C,
je bila le za 7 % nizja od vzorcev, beljenih po klasi¢nem postopku z
dodanim vodikovim peroksidom.

Opwis in sodelavci [10] so ugotovili, da se koli¢ina proizvedenega
vodikovega peroksida s pomocjo encimov glukoza oksidaze lahko
poveca z doziranjem encima v manjs$ih odmerkih v celotnem c¢asu
belilnega procesa.

Glukonska kislina je konéni produkt encimske obdelave glukoze z
glukoza oksidazo. V belilni kopeli proizvedena glukonska kislina
je odli¢no kompleksirno sredstvo, ki kompleksira za beljenje ne-
varne tezke kovinske ione. Dodatki stabilizatorjev, kot so magne-
zijeve soli in vodno steklo, niso potrebni. Dodatek ciklodekstrinov
lahko varuje glukoza oksidaze in druge encime pred njihovo de-
aktivacijo, ki jo povzrocajo anionski kompleksanti (disperzijska,
omakalna sredstva, sredstva proti penjenju,...) [10, 11].

Tzanov in sodelavci [6] so raziskali beljenje z glukoza oksidaza-
mi, imobiliziranimi na silanizirane porozne nosilce, aluminijev
oksid in steklo z uporabo veznega sredstva glutaralaldehida. Ste-
kleni nosilec je vezal ve¢ odstotkov encima in stopnja nastajanja
vodikovega peroksida je bila hitrej$a kot pri aluminijevem oksidu.
Vendar se je aluminijev oksidni nosilec izkazal za primernejSega
pri ponavljajoci se uporabi. Le-tega je mogoc¢e ponovno uporabi-
ti v najmanj treh ciklih. Tkanine, beljene z imobiliziranimi enci-
mi, so imele vi§jo stopnjo beline kot tkanine, beljene s prostimi
encimi.

Opwis in sodelavci [12] so za razbarvanje barvalne kopeli uporabi-
li nov postopek s socasno uporabo glukoza oksidaz in peroksidaz.
Peroksidaze na osnovi vodikovega peroksida katalizirajo oksidaci-
jo obarvanih primesi v barvalni kopeli. Vendar te pri visoki kon-
centraciji vodikovega peroksida postanejo neaktivne. Tako so glu-
koza oksidaze proizvajale vodikov peroksid, ki se je socasno prek
peroksidaz porabljal za razbarvanje obarvanih primesi.

Raziskave encimske predobdelave celuloznih tkanin so usmerjene
v optimiziranje posameznih postopkov in v zdruzevanje posame-
znih postopkov v enokopelni proces. Z zdruzevanjem postopkov
predobdelave se prihranijo pomozna sredstva, energija in izpiralna
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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 classified
into a-amylases, B-amylases, a-1,6-glucosidases
and amyloglucosidases. Today, desizing with
a-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-
ficient bleaching, the bleaching bath should
contain around 800 mgl™" of glucose. They con-
cluded that a-amylases generate an insufficient
amount of glucose, only 200 mgl™, while at the
same conditions amyloglucosidases generate
4000 mgl™, respectively. Only amyloglucosidases
are capable of dividing the 3-D-glucose units of
amylopectin, amylose or glycogen. Subsequently,
the end product of desized starch is represented
only by single units of glucose. The 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. After a successful desizing with amylo-
glucosidases, bleaching of cotton with enzymat-
ically generated hydrogen peroxide took place.
The 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 effectively bleaches at the pH range
10.5-10.8 and temperature 90-120 °C. There-
fore, the generated hydrogen peroxide has to be
activated for bleaching. They 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.
The results showed that the samples bleached in
acid and neutral media did not reach an ade-
quate whitening index due to the insufficient ac-
tivation of hydrogen peroxide. The 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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voda. Pomanjkljivost ponovne uporabe kopeli za razkrobljanje in
izkuhavanje za procese beljenja so iz vlaken odstranjene necistoce
in druge nevlaknate primesi. Te se odlagajo na materialu, med be-
ljenjem pa se dolocena koli¢ina vodikovega peroksida porabi tudi
za njihovo beljenje [13]. Eren in sodelavci [14] so razskrobljanje
z amiloglukozidazami, beljenje z encimsko proizvedenim vodiko-
vim peroksidom z glukoza oksidazami, razgrajevanje preostalega
vodikovega peroksida po beljenju s katalazami in barvanje z izbra-
nim reaktivnim barvilom zdruzili v enokopelni postopek. Stopnja
beline encimsko obdelanih vzorcev je bila 11 % niZja od stopnje
beline vzorcev obdelanih po klasi¢nem postopku. Ugotovili so,
da imajo vzorci, obdelani po enokopelnem encimskem postopku,
vi$je pretrzne trdnosti kot vzorci, beljeni po klasicnem postopku.
Razlog je v nizji koncentraciji vodikovega peroksida med proce-
som beljenja. Klasi¢ni postopek v primerjavi z encimskim vsebu-
je tudi do dvakratno koli¢ino vodikovega peroksida, in sicer okoli
1500 mgl™. Ugotovili so tudi, da ima encimski enokopelni posto-
pek manjsi vpliv na okolje, KPK je bil nizji kar za 42 %, BPK pa za
21 %, saj pri klasicnem postopku $krob konca v odplakah in tako
veliko prispeva k obremenjevanju okolja.

Kot smo Ze omenili, danes najpogostejsa oblika beljenja tkanin z
vodikom peroksidom zahteva veliko energije in povzroc¢a poskod-
be bombaznih vlaken. Ti negativni vplivi beljenja z vodikovim pe-
roksidom so lahko zmanj$ani z uporabo aktivatorjev beljenja, ki
vodikov peroksid pretvarjajo v perocetno kislino, ki ima vecjo
oksidacijsko mo¢ kot vodikov peroksid. Perocetna kislina omo-
goca beljenje pri nizji temperaturi in v nevtralnem mediju, med
beljenjem pa ostanejo vlakna neposkodovana. Najpogosteje upo-
rabljena belilna aktivatorja v industriji detergentov sta tetraacetile-
tilendiamin (TAED) in nonanoiloksibenzen sulfonat (NOBS) [15].
Razli¢ni tipi belilnih aktivatorjev in njihovo optimalno delovanje v
procesu beljenja se raziskujejo Ze vrsto let [16-24].

Na Oddelku za tekstilstvo Naravoslovnotehniske fakultete Uni-
verze v Ljubljani se Ze vrsto let ukvarjamo z encimskimi pred-
obdelavami [25-31]. Trenutne raziskave so usmerjene v beljenje
bombaznih tkanin z encimi glukoza oksidaze. Za beljenje so bili
preizkus$eni nekateri aktivatorji beljenja (TAED, TBBC in NOBS).
Obetavne rezultate dajeta aktivatorja TAED in TBBC, ¢eprav sto-
pnja beline $e ni primerljiva s stopnjo beline tkanin, beljenih po
klasi¢nem postopku. V teku so optimiziranje postopkov ter pre-
izku$anje drugih aktivatorjev beljenja in zdruZevanje posameznih
encimskih postopkov predobdelave bombaznih tkanin v enoko-
pelni proces.

5 Uveljavljena podrocja uporabe
glukoza oksidaz

Glukoza oksidaze so v zadnjih letih, zahvaljujo¢ njihovi vsestran-
ski uporabi, postale komercialno zelo pomembne na podrocju ke-
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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. The gluconic acid generated in the bleaching
bath presents an excellent complexing agent,
which complexes the heavy metal ions which
are disturbing for the bleach. The addition of
stabilizing agents as magnesium salts and wa-
ter glass is not necessary. The 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. The
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.
The 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 left 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.

The 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.
The negative feature of reusing the desizing and
bioscouring treatment baths are the impuri-
ties and other non-fibre contaminants removed
from the fibres. They are deposited on the fab-

ric and during the bleaching process, a certain
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micne, farmacevtske in prehranske industrije, v zdravstvu, v bio-
tehnologiji in drugod. Nizka cena in relativno dobra stabilnost sta
razloga, da so glukoza oksidaze najpogosteje uporabljeni encimi
kot analiti¢ni reagent dolocanja glukoze [5].

Biosenzorji glukoze za diabetike

Glukoza oksidaze so primerne za uporabo v biosenzorjih za dolo-
¢anje stopnje glukoze v krvi. Biosenzorji merijo $tevilo elektronov
in njihov naboj, ko le-ti prehajajo ¢ez encim in se vezejo na elektro-
do. Nekateri biosenzorji delujejo tudi po principu merjenja spre-
memb v fluorescenci aktivnega mesta (FAD) glukoza oksidaz [5].

Biogorivne celice

Bioelektronske naprave za svoje delovanje potrebujejo malo ener-
gije. V procesu biokatalize pretvarjajo biogorivne celice biokemic¢-
no energijo v elektricno. Eden izmed tipov biogorivnih celic kot
katalizator uporablja tudi encime. Te biogorivne celice so sestavlje-
ne iz seta dveh elektrod, modificiranih z biokataliti¢nimi encimi,
ki specifi¢no oksidirajo ali reducirajo substrate. Na primer, encimi
glukoza oksidaze ali glukoza dehidrogenaze katalizirajo oksidacijo
glukoze na anodi, medtem ko encimi lakaze ali bilirubin oksidaze
katalizirajo redukcijo kisika na katodi [5].

Dodatkiv prehraniin pijaci

Glukoze oksidaze z odstranjevanjem ostankov glukoze in kisika
ohranjajo barvo, okus in ¢istost konzerviranih izdelkov in gazira-
nih pija¢. Proizvedeni vodikov peroksid je dobro antibakterijsko
sredstvo, ki se lahko s pretvorbo v vodo in kisik odstrani z dodat-
kom encimov katalaze. Na primer, kombinacija encimov gluko-
za oksidaze in katalaze se uporablja za preprecevanje dehidracije
jaj¢nega prahu med njegovo proizvodnjo. V pSeni¢no testo dodana
glukoza oksidaza prav tako pripomore k boljsi kakovosti kruha [5].

Vina z nizko vsebnostjo alkohola

Glukoza oksidaze s pretvarjanjem deleza glukoze v D-glukon-8-
lakton znizujejo vsebnost alkohola v vinu tudi do 2 %. Med fer-
mentacijo encimi prav tako antibakterijsko delujejo proti bakteri-
jam ocetne in mle¢ne kisline. Posledi¢no se zmanjsa potreba po
dodatku konzervansov [5].

Ustna higiena

Glukoza oksidaze in laktoperoksidaze so lahko tudi antibakterij-
ska sredstva izdelkov za ustno higieno. V ustni votlini nahajajoce
se bakterijske vrste Streptococci povzrocajo razkrajanje zobne skle-
nine. Le-te uspe$no uni¢uje z encimi proizvedeni vodikov pero-

ksid [5].
Glukonska kislina
Encimi glukoza oksidaze so pomemben vir proizvodnje glukon-

ske kisline, ki je produkt hidrolize D-glukon-§-laktona. Glukon-
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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 after the bleaching with catalases and
the dyeing with a selected reactive dye. The
whiteness degree of enzymatically treated sam-
ples was by 11% lower compared to the white-
ness degree of conventionally treated samples.
They 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. The reason
lies in a lower hydrogen peroxide concentra-
tion during the bleaching treatment. The 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-. They 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. This process demands
a lot of energy and damages cotton fibres. The
negative aspects of bleaching with hydrogen
peroxide can be reduced by using bleaching ac-
tivators, which convert hydrogen peroxide into
peracetic acid. The generated peracetic acid has
a higher oxidative power compared to hydrogen
peroxide and therefore enables bleaching at a
lower temperature in neutral media. The 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-
bliana, the enzymatic pretreatments have been
researched for several years [25-31]. Currently,

the research is focused on the bleaching of cot-

Glukoza oksidaze — potencialni encimi za beljenje tekstilnih viaken

ska kislina je nekorozivna, nehlapna, nestrupena in blaga organska
kislina, odporna proti oksidaciji in redukciji pri visokih tempera-
turah. Kot kompleksirno sredstvo v alkalnem mediju kompleksi-
ra ione tezkih kovin (Ca®, Fe**, Al*,...), njeno delovanje je boljse
od EDTA in drugih kompleksantov. Obstajajo razli¢ni pristopi pri-
dobivanja glukonske kisline, in sicer so ti kemic¢ni, elektrokemic-
ni, biokemi¢ni in bioelektrokemi¢ni proces. Zaradi nizjih stroskov
pridobivanja in vecje u¢inkovitosti se glukonska kislina komerci-
alno Se vedno pridobiva v procesu fermentacije z mikroorganiz-
mi podvrste Aspergillus niger in glukozo kot glavnim virom oglji-
kovih hidratov. Koncentracija glukoze v mediju znasa od 10 do 15
% in je v obliki glukoznih monokristalov ali v obliki sadnega ali
grozdnega sirupa z 98-odstotnim donosom glukonske kisline. Za-
radi visoke trzne cene glukonske kisline in njenih derivatov se in-
tenzivno i$¢ejo cenejsi viri ogljikovih hidratov. Glukonska kislina
se proizvaja za potrebe prehranske (34,5 %), farmacevtske (9,2 %)
in gradbene industrije (46 %). Kot prehransko dopolnilo uravna-
va kislost, sterilizira in beli prehranske izdelke, kot sol je v upora-
bi v zdravilih. V gradbeni$tvu se uporablja kot ojacevalno sredstvo
cementa za ve¢jo odpornost na ekstremne vremenske pojave. Prav
tako pa se kot blaga kislina uporablja v kovinski in usnjarski indu-
striji. V naravi se nahaja v medu, sadju in vinu [5, 11, 32].

6 Sklepi

Na podlagi prispevka lahko povzamemo naslednje:

- Glukoza oksidaze so pomembni encimi v razli¢nih industrij-
skih postopkih. Danes so glukoza oksidaze nepogresljive v pre-
hranski in farmacevtski industriji ter na podro¢ju biotehnolo-
gije.

- Glukoza oksidaze so sposobni proizvesti razli¢ni mikroorga-
nizmi, vendar so se do zdaj komercialno uveljavili le nekateri.
Glukoza oksidaze, proizvedene z mikroorganizmi podvrste As-
pergillus niger, v primerjavi z drugimi odlikujejo $ir§e pH ob-
mocje delovanja, delovanje pri visjih temperaturah in visja ak-
tivnost delovanja.

- Kemi¢na modifikacija obstoje¢ih encimov in genski inZeniring
omogocata pridobivanje u¢inkovitej$e glukoza oksidaze.

- Raziskave postopka imobilizacije encimov glukoza oksidaze so
pokazale dobro stabilnost le-teh in moznost vec¢kratne uporabe.

- Glukoza oksidaze uspes$no proizvajajo vodikov peroksid, po-
treben za beljenje celuloznih tkanin. Beljenje z glukoza oksida-
zami je ekonomski in ekoloski potencial nasproti klasi¢cnemu
postopku beljenja z dodanim vodikovim peroksidom. Nadalj-
nje raziskave so usmerjene v doseganje stopnje beline, ki bi bila
primerljiva s stopnjo beline tkanin, beljenih po klasi¢cnem po-
stopku.
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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 biosensors for diabetics

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

Biofuel cells

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. These bio-
fuel cells consist of a two-electrode set modified
with biocatalysed enzymes that specifically 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].

Food and beverage additive
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. The 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. The addition
of glucose oxidases into wheat dough improves
bread quality [5].

Low-alcohol wine

Glucose oxidases reduce the potential alcohol
content of wine by about 2% through a partial
conversion of glucose into D-glucono-§-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. The 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

The enzymes glucose oxidases are an important
source of the gluconic acid production, which is
the end product of D-glucono-6-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 (Ca*, Fe**, AP* etc), its action
is better than that of EDTA and other chelators.
There are different 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 efficiency, 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. The 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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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 field
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.

- The chemical modification of recent enzymes
and genetic engineering enables the produc-
tion of more efficient 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. Therefore, 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.
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