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Fenton reaction acceleration using maltose and

ascor bic acid

The degradation of various organic dyes such as methyl red (METR), indigo carmine (INDC) and methylene blue (MEBL)
was studied in the presence of the hydrogen peroxide and metal ion (Cu?, Fe?*). Ascorbic acid increased degradation
activity of thereaction, which was promoted by sugar (maltose) addition. High oxygen consumption was also observed in
the course of the Fenton reaction in the presence of maltose. Some dyes (INDC) needed the presence of oxygen for their
degradation while oxygen inhibited the degradation of others (METR). Presence of the maltose in the Fenton reaction
increased oxygen consumption. Electron donor (e.g. ascor bic acid) together with the suitable electron acceptor (e.g. oxygen)
and an activation mechanism isneeded for the additional natural substances degradation. The activation mechanism can be
based on various compounds such astransient metals, hydrogen peroxide, nitrite, natural organic compounds degradation
productsand other. The dye bleaching in the presence of thereducing agent is probably theresult of thereversiblelirreversible
dyereduction and irreversible dye oxidation, which can berealised in the presence or absence of oxygen.

BC 25 Beer

(Descriptors: Beer aging, mechanisms, oxidating agents, anti-
oxidant, Fenton reaction, dye degradation.

Deskriptoren: Bieralterung, Reaktionsmechani smen, Oxidations-
mittel, Antioxidantien, Fenton Reaktion, Farbstoffabbau).

1 Introduction

The ageing of beer is considered to be associated with radical
degradation of certain beer constituents. Free radicals are also
responsible for producing aldehydes influencing sensory attrib-
utes of beer. Fenton reaction seems to be the main pathway of
radical-formation provided that transition metal ions and hydro-
gen peroxide are present.

The dye degradation has been widely studied to remove various
kinds of pollutants present in wastewater. Fenton reaction has
been often used to degrade various dyes. Radical mechanism is
supposed to take place in this reaction forming oxygen free
radical s and reactive oxygen species but other procedures such as
illumination by visiblelight can also be used. Addition of organic
compounds has also been found to greatly influence the Fenton
dye degradation.

Chenet al. showed, that aromatic derivates, such ashydroquinone
and hydroguinone-like-compounds had a catalytic action, pro-
moting the Fenton degradation of organic compoundsin the dark
or under visible light irradiation(1).

Other organic compoundsact inthesameway. The organic matter
was decomposed by the radical initiator in the presence of the
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transition metal which was indicated by indigo carmine (INDC)
decomposition. It is the principle of the prooxidant/antioxidant
test suggested earlier (2). Maltose, ethanol and methionine addi-
tion greatly increased the rate of INDC degradation.

Reducing compounds and dissolved oxygen are the main factors
influencing dye degradation. Hydrogen peroxide, needed for the
Fenton reaction, can be formed in the reaction between oxygen
and reducing compounds. This reaction has been observed in the
presence of both strong aswell asweak reducing compounds (3).

Reducing compounds such as ascorbic acid, polyphenols or
sulphite are often mentioned as a class of the compounds protect-
ing sensitive beer components from the oxidation. On the other
hand transition metal/ascorbic acid has been often used for the
radical generation and natural compounds oxidation. Some kinds
of reducing polyphenols were proved to cause higher acohols
oxidation during beer ageing (4).

The presence of strongly reducing compounds in beer and wort
hasbeen known for many years. They can beformed inthe course
of kilning as well as in boiling. Amino acid compounds can
support reducing compounds formation in the course of Maillard
reaction. These products have also been mentioned as both beer
ageing promoting and inhibiting compounds (5).

The dual and of course contradictory role of the reducing com-
pounds is worth close examining. Organic dyes, their reversible
changessensitiveto oxido-reduction potentia vaueor irreversible
changes expressing dye degradation ability might help in the
solving and understanding oxido-reduction processesinthecourse
of beer ageing.

2 Experimental procedures
2.1 Chemicals

All chemicalswere purchased from SigmaAldrich except indigo
carmine (Merck) and hydrogen peroxide (Chemicke zavody So-
kolov, CR). The deionised water conductivity was less than 0.2
pS.cm™.
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Tablel Methyl red (10 mg.l"%) bleaching in the presence of
maltose (10 g.I'Y) and/or ascorbic acid (0.01%), absorbance
measured 15 min after H,0, (0.001%) addition

Absorbance (520 nm)
Test Fe?* (L mg.I) | Cu® (0.1 mg.l?)
Blank 1.205 1.529
Blank + H,0, 1.045 1.214
Maltose + H,0, 1.532 1.058
Ascorbic acid + H,0, 0.391 1.285
Maltose + ascorbic acid + H,O, 0.060 1.235

Table2 Indigo carmine (10 mg.l"%) bleaching in the presence of
maltose (10 g.I*) and/or ascorbic acid (0.01%), absorbance
measured 15 min after H,0, (0.001%) addition

Absorbance (610 nm)
Test Fe** (1 mg.I%) | Cu? (0.1 mg.l?Y)
Blank 0.452 0.451
Blank + H,0, 0.211 0.438
Maltose + H,0, 0.008 0.396
Ascorbic acid + H,0, 0.059 0.455

Maltose + ascorbic acid + H,O, 0.004 0.418

Table 3 Methylene blue (10 mg.I%) bleaching in the presence of
maltose (10 g.I'Y) and/or ascorbic acid (0.01%), absorbance
measured 15 min after H,0, (0.001%) addition

Absorbance (520 nm)
Test Fe** (1 mg.l) | Cu? (0.1 mg.IY)
Blank 1.820 1.820
Blank + H,0, 1.175 1.838
Maltose + H,0, 1.805 1.866
Ascorbic acid + H,0, 0.675 0.456
Maltose + ascorbic acid + H,O, 0.263 0.350

Stock solutions: Methyl red sodium salt (METR, c=1000mg.l %),
indigo carmine (INDC, ¢ = 1000 mg.I%), methylene blue (MEBL,
¢ = 1000 mg.I'Y), cupric chloride dihydrate (c = 0.0268 g.I%),
ferrous chloride tetrahydrate (c = 0.356 g.I"Y) were prepared by
dissolving of the components in deionised water. Hydrogen
peroxide (33 W, ¢ = 30% w/w) was pipetted into deionised water
(10 ml) to obtain 0.1% H.,O,. Phosphoric acid (pH ~ 4.4) was
prepared by diluting 0.8 ml of the concentrated H,PO, (85% w/w)
with deionised water (100 ml). Sodium nitrite solution contained
NaNO, dissolvedin deionised water (1500mgNaNO,.I* = 1000mg
NO,.I7).

2.2 Organic dye bleaching

Appropriate samples volume (usualy 0.1 — 1 ml) of organic
compounds solutionstested (e.g. maltose, ascorbic acid) + 0.1 ml
of H,PO, (pH adjusting) were pi pettedinto 13x 160 mmtest tubes,
refilled upto 9.7 with deionised water, 0.1 ml of the stock solution
of organic dye (METR/INDC/MEBL) and metal ions solution
(Fe**/Cu?) added and mixed. Thefreshly prepared solution of the
hydrogen peroxide (0.1 ml, ¢ = 0.1%) was added in the end and
mixed thoroughly to start reaction. Final composition of the
mixturewasorganic compound, organic dye (10 mg.I"*), metal ion
(0.1 mg Cu?.I"%, 1.0mg Fe?*.I'), hydrogen peroxide (0.001%) and
H,PO, (pH ~ 4.4). Higher level of Fe in comparison to Cu was
chosen because of higher Felevel inraw materialsand kieselguhr
expected.

The absorbance of the solution containing all components except
organic compound tested and H,0O, was measured as the blank.
The other samples were measured 15 min after H,O, addition at
520nm (METR), 610 nm (INDC) and 666 nm (MEBL) (Tab. 1—3).

2.3 Dissolved oxygen consumption

Thetested compound was dissolved in deionised water (97 ml), 1
ml of the phosphoric acid, organic dye and metal stock solutions
added, stirred at 200 rpm and dissolved oxygen concentration
recorded for the background determination. Hydrogen peroxide
(1ml, c=0.1%H,0,) was added to start thereaction (Fig. 1). The
similar experiment was carried out without dye addition (Fig. 2).

To test the nitrite influence on the electron transport between
ascorbicacidand oxygen 1 ml of theascorbic acidand H,PO, were
added to the deionised water (97 ml), stirred at 200 rpm and
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Figure 2 Dissolved oxygen

Dissolved oxygen (mg.l-1)

consumption in ascorbic
acid (A, 0.01%) solution in
the presence/absence of the
maltose (M, 10 g.I*%), metal
ion (0.1 mg Cu?.I%, 1 mg
Fe*.I"), NO,- (10 mg.I*) and
hydrogen peroxide (HP,
0.001%) added at 4th min

—0—AFeHP
—o— AMFe HP

Time (min)

dissolved oxygen concentration recorded for the background
determination. Sodium nitrite stock solution (1 ml, ¢ =1500 mg.|
1 wasadded to start thereaction (Fig. 2). Final composition of the
mixture was ascorbic acid (0.01%), sodium nitrite (10 mg NO,".I™)
and H,PO, (pH ~ 4.4).

2.4 Fenton reaction at low/high level of oxygen

Organic dye bleaching was carried out according to paragraph 2.2.
Half of test tubeswere shortly bubbled with nitrogen going through
theneedleinthestopper then evacuated andtightly sealed (low level
oxygen, dissolved O, < 0.5 mg.l™), the other test tubes were kept
under metal caps (highlevel oxygen, dissolved O,~7.5mgll?) (Tab. 4).

2.5 Dyes mixture bleaching

Ascorbic acid solution (0.1 ml, ¢ = 1% w/w) was pipetted into
deionised water (9.5 ml) inthetest tubes (13 x 160 mm), phospho-
ric acid (0.1 ml), organic dye (0.1 ml), meta ion solution/
deionised water (0.1 ml) and hydrogen peroxide/deionised water
(0.1 ml) added to get 10 ml of thefinal solution. Final composition
of thereaction mixturewasascorbicacid (c=0.01%w/w), organic
dye (10 mg.I'Y), metal ion (0.1 mg Cu?.I%, 1 mg Fe?*.I) and
hydrogen peroxide (0.001%), H,PO, (pH ~ 4.4). Absorbance at
520 and 666 nm were measured after 240 min, the blank contai-
ning only phosphoric acid and organic dye was measured imme-
diately after component mixing (Tab. 5).

Tabelle 4 Organic dye (10 mg.IY) bleaching in the presence of maltose (10 g.I'%), ascorbic acid (0.01%), Fe** (1 mg.IY) and hydrogen

peroxide (0.001%)
Bleaching time (min)
Dye Dissolved O, < 0.5 mg.I* Dissolved O, ~ 7.5 mg.|I*
Methyl red 15
Indigo carmine 3
Methylene blue 15 10

Tabelle5 Organicdye (10 mg.I') reduction and degradation in ascorbic acid (AA, 0.01%) solution, in the presence/absence of metal ion
(0.1 mg Cu®.I%, 1 mg Fe*.I'%), absorbance measured 240 min after hydrogen peroxide (0.001%) addition.

Absorbance after 240 min
Sample METR MEBL METR+MEBL
520 nm 666 nm 520 nm 666 nm 520 nm 666 nm

Blank (0 min) 0.930 0.013 0.117 2.00 0.850 1.96
AA 0.821 0.010 0.019 0.059 0.018 0.067
AA+Fe* 0.821 0.007 0.020 0.159 0.031 0.146
AA+Cu* 0.858 0.006 0.025 0.341 0.042 0.419
AA+H,0, 0.600 0.002 0.015 0.132 0.048 0.516
AA+Fe+H.O, 0.192 0.000 0.060 0.327 0.259 0.502
AA+Cu*+H,0, 0.726 0.003 0.038 0.570 0.049 0.666
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2.5 Instruments

Cadas 200 spectrophotometer (Dr. Lange, Germany) was used
with 1 cm cuvette, absorbance was measured against deionised
water.

Multimeter ECM —pH-O_-uS (Dr. Lange, Germany) was used for
thedissolved oxygen determination with the Clark typeelectrode.

3 Resultsand discussion

The bleaching activity of the hydrogen peroxide reacting with
different organic dyes strongly depended on the kind of the dye,
metal ion and organic compound added. Generally, the mixture of
the hydrogen peroxide, Fe** and ascorbic acid provided high
bleaching activity within all dyes.

Two different mechanisms might be involved in this reaction:
Fenton reaction supported by ascorbic acid and dye reduction
itself. The ascorbic is often mentioned as an agent reducing Fe**
making degradation process more efficient.

The maltose addition to the Fenton reaction mixture increased
bleaching activity inall cases(Tab. 1—3). Maltoseitself inhibited
or promoted the dye bleaching, which depended on the both kind
of the dye and the metal ion (Tab. 1 —3).

The course of the bleaching reaction was connected with the
dissolved oxygen consumption. The highest dye degradation
activity was observed with the mixture of the ascorbic acid,
hydrogen peroxideand Fe?* ionsin the presence of maltose, which
was linked to the highest oxygen consumption.

The presence of nitrite accelerated oxygen consumption in the
ascorbic acid solution even without presence of the metal ions or
hydrogen peroxide. The electron transfer from an acceptor to the
oxygen can be probably catalysed by various compounds.

The METR degradation is an example where the absence of
oxygen is needed for the irreversible degradation of the dye.
Degradation reactions can probably occur under both aerobic and
anaerobic condition.

METR bleaching occurred only in the mixture with the low
oxygen concentration (lessthen 0.1 mg.I%). Chapon showed, that
METR degradation was blocked in the presence of air using
nitrogen flushing to increase reaction efficiency (6).

Small amount of oxygen was only consumed in the course of the
INDC bleaching but oxygen was necessary for the INDC degra-
dation (2). It has been observed, that the presence of oxygen
supported INDC degradation as the absence of oxygen did in the
METR solutions in beer or in reductone solutions (7).

The kind of the metal ion strongly influenced the degradation
ability. The METR and INDC bleaching were often slower inthe
presence of Cu?* than that in the presence of Fe** (Tab. 1 — 3).
Maltose supported METR and INDC degradation in the Cu®
presencebut theascorbic acid partially inhibited “ maltose” effect.
The opposite trend could be observed in the presence of the Fe*'.

The ascorbic acid reduces organic dye, which is inhibited by
transition metal or/and hydrogen peroxide in the course of the
Fenton reaction degrading organic dye. On the other hand the
rapid oxygen consumption can support organic dye reduction.

Dye bleaching processes can comprise of both reduction and
oxidation even without hydrogen peroxide and transient metals
presence(Tab. 5). Theabsorbanceat twowavel engthswasmeasu-
red in the mixture of the ascorbic acid, metal ion and METR or
MEBL to evaluate their reduction degradation. After 4 hours

MEBL (but not METR) was highly reduced in the absence of the
metal ions and without oxygen consumption (Tab. 5, Fig. 1).
Hydrogen peroxide and metal ions partialy inhibited MEBL
reduction promoting METR degradation as well. MEBL could
even support METR degradation in the absence of the metal ions
and hydrogen peroxide.

The dye bleaching in the presence of the reducing agent is
probably theresult of thereversible/irreversibledyereductionand
irreversible dye oxidation, which can be realised in the presence
or absence of oxygen.

Organic dyes are seemed to be suitable for the degradation
processeseval uationinthepresenceor absenceof oxygen. During
itsreduction or activation variouskindsof reactive speciesinclud-
ing oxygen freeradicals, singlet oxygen or hydrogen peroxideare
expected.

M ore common mechanisms might be taken into account compris-
ing strong el ectron donor, acceptor and suitabl eactivation mecha
nism taking part in the organic compound destruction. Other
natural substances (e.g. sugars, aminoacids and alcohols) can be
incorporated in the main electron transport promoting or inhibit-
ing it. This mechanism is needed for the beverage anaerobic
ageing explanation. The organic dye degradation might be used
for the prooxidant/antioxidant studies.

4 Conclusion

0 Organicdyesshowed different kind of degradation behaviour
in the course of the oxido-reduction reactions.

0 Somedyes (INDC) degraded in the presence of the hydrogen
peroxide, metal ion and sugar (maltose) other dyes (METR,
MEBL) needed also reducing agent (ascorbic acid) for their
degradation.

0 The dyes degraded under both aerobic and anaerobic condi-
tion in the course of Fenton reaction.

0 The presence of the sugar (e.g. maltose) generally promoted
degradation reaction of thedyeswith hydrogen peroxide, Fe**
and ascorbic acid.

0 Maltose degradation in the Fenton reaction was connected
with the high oxygen consumption.

0 The consumption of dissolved oxygen accelerated Fenton
reaction catalysed by organic compound (e.g. maltose).

0 Electron donor (e.g. ascorbic acid) together with the suitable
electron acceptor (e.g. oxygen) and activation mechanism is
needed for the additional natural substances degradation.
Activation mechanism can be based on the various com-
pounds acting such astransient metals, nitrite, natural organic
compounds degradation products and other.

0 The dye bleaching in the presence of the reducing agent is
probably theresult of thereversible/irreversible dyereduction
and irreversible dye oxidation, which can be realised in the
presence or absence of oxygen.

5 Zusammenfassung

Savel, J.: Beschleunigung der Fenton Reaktion durch Verwendung
von Maltose und Ascorbinsdure — Monatsschrift fir Brauwissen-
schaft 56, Nr. 1/2, 4 — 8, 2003

BC 25 Bier
Der Abbau verschiedener organischer Férbemittel, wieMethylrot (METR),

Indigokarminrot (INDC) und Methylenblau (MEBL) wurde bei V orhan-
densein von Hydrogenperoxid und Metallionen (Cu?, Fe**) untersucht.
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Ascorbinsaure erhohte die Abbauaktivitét der Reaktion, welche durch
Zugabevon Zucker (Maltose) begiinstigt wurde. Bei V orhandenseinvon
Maltosewurdeim Verlauf der Fenton Resktion ein hoher Sauerstoffver-
brauch beobachtet. Einige Férbemittel (INDC) bendtigten Sauerstoff fur
ihren Abbau, wohingegen bei anderen (METR) Sauerstoff den Abbau
hemmte. Maltose erhthte in der Fenton Reaktion den Sauerstoffver-
brauch. Ein Elektronendonor (z.B. Ascorbinséure) zusammen mit einem
geeigneten Elektronenakzeptor (z.B. Sauerstoff) und einem Aktivie-
rungsmechanismus wird dazu bendétigt, eine zusétzliche nattirliche Sub-
stanz abzubauen. Der Aktivierungsmechani smuskann auf verschiedenen
Verbindungen basieren, wie Ubergangsmetallen, Sauerstoffperoxyd,
Nitrit, nattrlichen organischen Abbauprodukten und anderen. Das Blei-
chen des Féarbemittels durch das reduzierende Agensist wahrscheinlich
das Ergebnis der reversiblen, bzw. irreversiblen Reduktion und der
irreversiblen Oxidation des Férbemittels, welche durch die An- oder
Abwesenheit von Sauerstoff durchgefihrt werden kann.

Savel, J.: Accélération de la réaction de Fenton par I'emploi de
maltose et d’acide ascor bique — Monatsschrift fiir Brauwissenschaft
56, No 1/2, 4 — 8, 2003

BC 25 Biere

On a examiné la dégradation de composés colorés tels que le rouge de
méthyle (METR), le rouge de carmin-indigo (INDC) et le bleu de
méthylene (MEBL) en présence de peroxyde d’hydrogene et d'ions
métalliques (Cu?, Fe*). L' acide ascorbique augmentait I’activité de
dégradation de la réaction qui était favorisée par I’ addition de glucides
(maltose). En présence du maltose on a observeé, au cours de laréaction
de Fenton, une consommation €élevée en oxygene. Quelques produits
colorants (INDC) nécessitent de |’ oxygene pour leur dégradation, tandis
que d autres(METR) sont inhibéspar I’ oxygene. Le maltose augmentait
dans la réaction de Fenton la consommation d’ oxygéene. Pour dégrader
unesubstancenaturelleadditionnelle, onabesoind’ undonneur d’ é ectrons

(par exemple’ acide ascorbique) en liaison avec un accepteur d' électron
souhaitable (p. ex. I’oxygene) et d'un mécanisme d'activation. Le
mécanisme d’ activation peut étre basé sur différents composes, tels que
des métaux de transition, le peroxyde d’ oxygene, le nitrite, des produits
de dégradation organiques naturels et autres. Le blanchiment des colo-
rants par des agents réducteurs est probablement le résultat d’ une réduc-
tionrespectivement réversibleetirréversibleet del’ oxydationirréversib-
le du colorant qui peut étre effectué en présence ou absence d’ oxygene.
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