
28.09.2003 ITU FOOD ENG. DEP. 1

Enzymatic Browning and Spoilage
Reactions
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Enzymes

• Enzymatic browning may occur in many fruits and vegetables. 
• When the tissue is cut or peeled it rapidly darkens on exposure to

air as a result of conversion of phenolic compounds to brown
melanins (mushrooms, banana, apple).

• The enzymes involved in browning reaction; 
Monophenol monoxygenase or TYROSINASE
Diphenol oxidase or catachol oxidase POLYPHENOL
OXIDASE
Laccase
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Enzymes

• Polyphenol oxidase requires copper and oxygen! 

• It is an oxido-reductase class of enzyme with oxygen
functioning as hydrogen acceptor.

• The substrates of polyphenol oxidase are phenolic
compounds. 

• It catalyzes two types of reaction.
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Cresolase Activity: This reaction involves
hydroxylation of monophenols to o-diphenols.

OH

CH2CH(NH2)COOH

+       E 2 Cu+ + O2 +   2H+  

OH

CH2CH(NH2)COOH

OH
+   E Cu2+ + H2 

O

L-tyrosine 3,4-dihydroxyphenylalanine

DHPA

Reaction types
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Catecholase or diphenolase reaction: 
OH

OH

catechol

+ E-2Cu2+  + 1/2 O2
-2e-

O
O

o-benzoquinone

+ E-2Cu+ + H2O

Quinone formation is both dependent on enzyme and oxygen. 

Once the reaction starts, the subsequent reactions occur
spontaneously and no longer depend on the presence of oxygen or
polyphenol oxidase.

Reaction types
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OH
OH

OR  

O

O
H2O

OH
OH

OH

Triphenolic
trihydroxybenzene

interacts with o-quinone to 
form hydroxyquinones

Brown Melanin Formation

TheThe firstfirst reactionreaction is is thoughtthought
toto be a be a secondarysecondary
hydroxylationhydroxylation of of oo--quinonequinone..
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OH

hydroxyquinones

Undergo polymerization and are progressively
converted to red and red-brown polymers, finally to
brown melanins.

Brown Melanin Formation



28.09.2003 ITU FOOD ENG. DEP. 8

Phenolic Compounds in Foods

Phenolic compounds in foods may be classified into three groups;

Simple phenols

Cinnamic acid derivatives

Flavonoids
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Phenolic Compounds: 
Simple Phenols

Monophenols. 
L-tyrosine

o-diphenols

Gallic acid in tea.
A tea flavonoid

OH

OHOH

COOH

GallicGallic acidacid
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Phenolic Compounds: 
Cinnamic acid derivatives

ChlorogenicChlorogenic acidacid
It is the key substrate in 
apples and pears.
It is responsible for gray
color formation upon
standing of boiled potatoes. 
It is attributed to oxidation
of complexes formed
between iron and cafeic
acid and chlorogenic acids.

O H
O H

C H C H C O O

O H

H O O C

O HO H

c a f e ic a c id q u in ic  a c id
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pp--coumariccoumaric acidacid R=H R=H caffeiccaffeic acidacid
R=CHR=CH33 ferulicferulic acidacid

SinapicSinapic acidacid

CH

OH

CH COOH CH

OH

OR

CH COOH CH

OH

OCH3

CH

H3CO

Phenolic Compounds: 
Cinnamic acid derivatives
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Phenolic Compounds: 
Flavonoids

AllAll compoundscompounds areare structurallystructurally
relatedrelated toto flavoneflavone..

ImportantImportant flavonoidsflavonoids areare::
CatechinCatechin ((importantimportant in in teatea
leavesleaves))
LeucoantocyanidinsLeucoantocyanidins ((calledcalled as as 
tanninstannins))
AntocyaninsAntocyanins ((colorcolor of of plantsplants
fromfrom purplepurple toto redred))
FlavonolsFlavonols

O

O

A
B

C

FlavoneFlavone structurestructure
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InhibitorsInhibitors of of polyphenolpolyphenol oxidaseoxidase

1) Some compounds structurally related to o-diphenols do not 
function as substrates of polyphenol oxidase (Substrate
analogs-Competitive inhibition).

2) Polyphenol oxidase is a metalloprotein in which copper is 
prosthetic group, it is inhibited by chelating agents. (Diethyl
dithio carbonate - cannot be used in foods-toxic).
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Methods to Control Enzymatic
Browning

ExclusionExclusion of of oxygenoxygen

ItIt is is thethe simplestsimplest methodmethod of of controllingcontrolling enzymaticenzymatic browningbrowning. . 
ForFor instanceinstance, , immersingimmersing thethe peeledpeeled productproduct suchsuch as as potatopotato in in waterwater priorprior
toto cookingcooking. . 

ThisThis procedureprocedure is is usedused on a on a largelarge scalescale forfor thethe productionproduction of of 
potatopotato chipschips andand FrenchFrench friesfries oror usingusing ascorbicascorbic acidacid toto useuse upup
surfacesurface oxygenoxygen..
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Methods to Control Enzymatic
Browning

ApplicationApplication of of heatheat toto denaturedenature enzymeenzyme::

PolyphenoloxidasePolyphenoloxidase can be can be inactivatedinactivated byby subjectingsubjecting foodfood toto highhigh
temperaturestemperatures. . 

HotHot waterwater blachingblaching is a is a majormajor unitunit operationoperation in in processingprocessing
potatoespotatoes. . 

ThisThis processprocess retardsretards enzymaticenzymatic browningbrowning but but alsoalso resultsresults in in thethe leachingleaching
of of reducingreducing sugarssugars. . 

ItIt alsoalso reducesreduces sugarsugar contentcontent, , whichwhich in in turnturn producesproduces a a lighterlighter colorcolor andand a a 
moremore attractiveattractive productproduct..
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Methods to Control Enzymatic
Browning

pHpH treatmenttreatment::
ApplicationApplication of of acidsacids toto controlcontrol enzymaticenzymatic browningbrowning is is usedused
extensivelyextensively ((citriccitric, , malicmalic, , phosphoricphosphoric, , andand ascorbicascorbic acidacid). ). 

LoweringLowering pHpH reducesreduces enzymaticenzymatic browningbrowning. . 
TheThe optimum optimum pHpH of of mostmost polyphenolpolyphenol oxidasesoxidases lieslies betweenbetween pHpH
4.0 4.0 -- 7.0 7.0 withwith littlelittle activityactivity belowbelow pHpH 3.0 .3.0 .

A A particularparticular effectiveeffective inhibitorinhibitor of of polyphenolpolyphenol oxidaseoxidase is is ascorbicascorbic
acidacid..

ItIt doesdoes not not havehave a a detectabledetectable flavorflavor nornor havehave a a corrosivecorrosive actionaction
on on metalsmetals..
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Methods to Control Enzymatic
Browning

ApplicationApplication of of sulfurdioxidesulfurdioxide & & sulfitessulfites
PowerfulPowerful inhibitorsinhibitors of of polyphenolpolyphenol oxidaseoxidase enzymeenzyme..
Be Be employedemployed as as eithereither gaseousgaseous sulfurdioxidesulfurdioxide oror a a dilutedilute solutionsolution of of 
thethe sulfitesulfite..
ParticularlyParticularly usefuluseful wherewhere heatingheating wouldwould resultresult in in unfavorableunfavorable texturetexture
andand offoff--flavorflavor changeschanges in in productproduct..
AlsoAlso a a preservativepreservative usedused againstagainst moldsmolds..

It’sIt’s mechanismmechanism::
1. 1. TheThe formationformation of of colorlesscolorless additionaddition productsproducts betweenbetween sulfitesulfite andand

quinonesquinones..
2. 2. ChangeChange in protein in protein conformationconformation ((polyphenolpolyphenol oxidaseoxidase))


