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“Sharing, Caring and Going Together for Better Silpakorn™

The International Fresh-cut Produce Association (IFPA) defines
fresh-cut produce as “any fruit or vegetable or combination
thereof that has been physically altered from its original form,

but remains in fresh state”.
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nstnadUInIantsenletaulyyl (Enzymatic Browning Reaction)
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mil,ﬂﬂﬁu’lmawLiﬂmmau‘lezm (Enzymatic Browning Reactlon)

puUlvinedNusasandiad

asUsznauiluea _ 2°NTHTY Copper #198UI918  melanin
(Phenolics) Polyphenoloxidase, PPO (Brown pigments) +

anstvinausa (Flavors)
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OH

monophenol (colorless)

R
PPO
+ 02
slow =
OH = fast O
PPO + 02 IR, S complex
——— —> brown
—
e _r polymers
R OH R O “amino
acids

diphenol (colorless) o-quinone (colored) proteins

Chang Y. Lee and John R. Whitaker 1995. Enzymatic Browning and Its Prevention. American Chemical
Society, Washington, DC.
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nstnadUInIantsenletaulyyl (Enzymatic Browning Reaction)

Middle lamella

—  Tonoplast

Pectins

ndoplasmic
reticulum
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Middle lamella

POD, PPO Laulasil
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mMsAadiaaiisedaeeulasl (Enzymatic Browning Reaction)

fnag1eansusenauluaaiinuluiy
OH

OH
HO 0 O
‘ OH

OH

HO—©7(3H—(|3H —COOH

MNH,

HO

HO@—CH—QH —COOH

MNH,

Food Technology
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Catechins
Quercetin (R1=0H, R2=H)
Miyricetin (R1=R2=0H)
Kaempferol (R1=R2=H)
Tyrosine
3 d-dinydroxyphenylalaning (DOPA)
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mMsAadiaaiisedaeeulasl (Enzymatic Browning ReaCtlon)

A2819815Usenauiuaanwulun

OH OH OH OH OH
HO
HO HO NH,
g ;
CH; COOH CH
OH OH

Catechol 4-Methyl catechol DOPA Ry Quinol Toluquinol
HO HO
.0 OH
7. co
R .COOH
Chlorogeﬁfc acid ; e G : (‘Zz'xtechi‘n", 2

- Figure 4 Common substrates for catecholases and laccases'.r %

Chang Y. Lee and John R. Whitaker 1995. Enzymatic Browning and Its Prevention. American Chemical
Society, Washington, DC.
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mMsAadiaaiisedaeeulasl (Enzymatic Browning Reaction)
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Source Phenolic substrates
Lettuce tyrosine, caffeic acid, chlorogenic acid derivatives
Mango dopamine-HCl, 4-methyl catechol, caffeic acid, catechol,

catechin, chlorogenic acid, tyrosine, DOPA, p-cresol

Mushroom tyrosine, catechol, DOPA, dopamine, adrenaline,

noradrenaline

Apple chlorogenic acid (flesh), catechol, catechin (peel), caffeic acid,
3,4-dihydroxyphenylalanine (DOPA), 3,4-dihydroxy benzoic
acid, p-cresol, 4-methyl catechol, leucocyanidin, p-

coumaric acid, flavonol glycosides

20
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mMsAadiaaiisedaeeulasl (Enzymatic Browning Reaction)

, Phenoloxzidase .

CHEK +0 "" H[:' CH2 *:-O
CHCOOH —_— ‘“CHCDDH
& Slowy =
HO { Fast
NH; HO MH;
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Hoﬂ
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+C0, Y o
HOR/\\ Slowy CODH - -
e Fas

0 MH
A B-Dihydroxyindole Dapachrome

Fast
NH ‘ o
+ 12 S [:I
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Felati wely ‘
Slowe o
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Formation of melanin from tyrosine

0 CH,
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] MH;

Dopa Cluinone

l Fas
HO

Py
(/Q COOH

Leuco
Compound
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mMsAadiaaiisedaeeulasl (Enzymatic Browning Reaction)

OH OH
+O OH
N
slow A e
Monophenaol Diphenaol

Monophenol oxidase pathway producing the diphenol.

Hydroxylation

23


http://www.fao.org/ag/Ags/agsi/ENZYMEFINAL/Enzymatic Browning Figure.htm

FoodTechnology  »

Silpakorn Umversuty

24 Leading creative

S o

> msieduinnalunn naldaaudandauusine (

mMsAadiaaiisedaeeulasl (Enzymatic Browning Reaction)

OH 0
GE

OH \ 0
2 . + 2H,0

faster Catechol o-Benzoguinone

Diphenol oxidase pathway producing the quinones.

Oxidation
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OH

monophenol (colorless)

* uled PPO vnaulaf
PPO
+ 02 Y39 pH 5-7, Cu cofactor
slow =
OH  fast 0
PPO +02 —_— complex
—_>( , — > brown
7 polymers
R OH R O “amino
acids
diphenol (colorless) o-quinone (colored) ~ proteins

Chang Y. Lee and John R. Whitaker 1995. Enzymatic Browning and Its Prevention. American Chemical
Society, Washington, DC. 25
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msmummﬁmﬂauﬁmawLsemmauMu (Enzymatic Browning ReaCtlon)
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i) The elimination of oxygen from the cut surface of fruits or vegetables

» How to control undesirable enzymatic ( Sipakors University

browning reaction?

greatly retards the browning reaction. Browning however occurs rapidly upon
exposure to oxygen. Exclusion of oxygen is possible by immersion in water,
syrup, brine, or by vacuum treatment.

i) This copper prosthetic group of polyphenol oxidases must be present

for the enzymatic browning reaction to occur. Chelating agents are effective
IN removing copper.

i) Inactivation of the polyphenol oxidases by heat treatments such as

steam blanching is effectively applied for the control of browning in fruits
and vegetables to be canned or frozen. Heat treatments are not however

practically applicable in the storage of fresh produce. 27
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(Antibrowning agent or Browning inhibitor)

Six categories of polyphenol oxidase inhibitors are applicable in
the prevention of enzymatic browning.

These include

(1) reducing agents ansnauiduf3aad
(2) chelating agents m'ﬁﬂqmﬁuﬁumiﬁm

S =

(3) acidulants a@1sngufiesngndidunse
(4) complexing agents @3NS 19E5UTENDULTIWBY
(5) enzyme inhibitors @1578ugen1svinauaeaeuley

(6) enzyme treatments
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1. Reducing agents

sulphiting agents
ascorbic acid and analogs
cysteine

clutathione

2. Chelating agents

phosphates
EDTA

organic acids

3. Acidulants

citric acid, malic acid,

phosphoric acid

29



> d@158ugenistieduinna

FoodTechnology =
Silpakorn University
‘ Leading creative universi

ty

4. Enzyme inhibitors

aromatic carboxylic acids
aliphatic alcohol

anions

peptides

substituted resorcinols

5. Enzyme treatments

oXygenases
o-methyl transferase

proteases

6. Complexing agents

cyclodextrins

30
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Reducing agents/Antioxidants

Reducing agents play a role in the prevention of enzymatic browning either by reducing o-

quinones to colourless diphenols, or by reacting irreversibly with o-quinones to form stable

oH
Umun ophenal {colarless)
K

colourless products

l FPO +0,
OH
PP + O G complex
z — brown
’ Olymers
R OH o o / poly
diphenol {colorless) o-gquinone (colored) Fa]t’rnuj[r;?ngcids

| \

Reducing Agent

31


http://www.fao.org/ag/Ags/agsi/ENZYMEFINAL/Enzymatic Browning Figure.htm

FoodTechnology ~ »
> _ A | ey
g138UYINIILNAGTUINTE

L-Ascorbic acid

PPO _ Polymerisation
Phenol = Quinone » Brown pigments

T

Ascorbic acid reductio I'I-

9]
)
Ascorbic acid H,0
noncatalyzed catalyzed by PPO
OH
OH
1420,

Dehydroascorbic acid

Mechanism of prevention of colour formation by ascorbic acid.

32
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Ascorbic acid is usually applied in conjunction with citric acid in order
to maintain a more acidic pH level.

In addition, it is also believed to have a chelating effect on the copper
prosthetic group of polyphenol oxidase.

More stable forms of ascorbic acid derivatives, such as erythrobic acid,
2- and 3-phosphate derivatives of ascorbic acid, phosphinate esters of

ascorbic acid, and ascorbyl-6-fatty acid esters of ascorbic acid.

33
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Citric acid

- Citric acid is the one of the most widely used acidulants in the food
industry. It is typically applied at levels ranging between 0.5 and 2
percent (w/V) for the prevention of browning in fruits and vegetables.

u In addition, it is often used in combination with other antibrowning
agents such as ascorbic or erythorbic acids and their neutral salts, for
the chelation of prooxidants and for the inactivation of polyphenol
oxidase.

- Citric acid exerts its inhibitory effect on polyphenol oxidase by lowering
the pH as well as by chelating the copper at the active site of the

enzyme.
’ 34
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Food Additives in the European Union

Anti browning agents- Examples;

E220
E221
E222
E223
E224
E226
E227
E228
E296
E297
E300

Sulphur dioxide

Sodium sulphite

Sodium hydrogen sulphite
Sodium metabisulphite
Potassium metabisulphite
Calcium sulphite

Calcium hydrogen sulphite
Potassium hydrogen sulphite
Malic acid

Fumaric acid

Ascorbic acid 35



FoodTechnology — »
¥ ) e resbe et 9
> asfiugensiindunnia ((k/

E330
E363
E334
E301
E302
E304

E315
E316
E459
E920
E586

Citric acid

Succinic acid

Tartaric acid (L(+)-)

Sodium ascorbate

Calcium ascorbate

Fatty acid esters of ascorbic acid
(i) Ascorbyl palmitate (ii) Ascorbyl stearate
Erythorbic acid

Sodium erythorbate
Beta-cyclodextrine

L-Cysteine

d-hexylresorcinol

36
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SporixTM , an acidic polyphosphate mixture (sodium acid
pyrophosphate, citric acid, ascorbic acid, and calcium chloride),
has been observed to delay the onset of oxidation and enzymatic

browning in fruits and vegetable.

37
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Sufl 0
Sufi 2
Sufi a pH
19%AA 2.80
'3’u17i 6 19%MA 2.34
19%CA 2.28
Sufl 8
Fudi 10

YAATUAN 1%AA 1% CA 1% MA
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b
pH
2%AA 2.64
2%MA 2.19
2%CA 2.17

“Sharing, Caring and Going 'fvjer/r:rfvi Better Silpakorn”

YU 0
YARIUAN 2%AA 2% CA 2% MA 1% AA + 1% CA
anwuzUsnguemzinlvrstduddaunmionusinaniusnyluszesiae 0, 2, 4, 6, 8 way 10 Tu

AUN 2

UN 4

UN 6

U 8

Sufl 10

figaumpdl 7 £ 1 C AaTudinivg 85 - 90 % 40
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LLSU"&W 0.5% CaCl2 0.5% CaCl2 + 0.5% Ascorbic acid | 0.5% CaCL2 + 0.5% Citric acid
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