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Figure 1 The interrelationship among the many effects of wounding on physiological processes
in fresh-cut vegetables. (From Saltveit, 1997.)
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Figure 9 Diagram showing the interrelationships between a wound and the subsequent induced
changes in phenolic metabolism that leads to tissue browning. Many control points for postharvest
modification of the wound-induced browning processes are evident. The question marks indicate
relationships that are still under investigation.
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Fig. 12.6 Polyphenol oxidation reactions catalyzed by polyphenol oxidase (PPO): (a) monophenol oxidation
pathway catalyzed by cresolase and o-diphenol oxidase (catecholase); and (b) p-diphenol oxidation catalyzed by
p-diphenol oxidase (laccase). (Adapted from Marshall et al., 2000.)
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Table 12.3 Different phenolic substrates of PPO in fruits

Fruat Polyphenolic substrates for PPO

Apple Chlorogenic acid, catechol, catechin, caffeic acid, 3 4-dihydroxyphenylalamine (DOPA).
3 4-dihydroxy benzoic acid. p-cresol, 4-methyl catechol. leucocvanidin, p-coumaric acid.
flavonol glvcosides

Apricot Isochlorogenic acid, caffeic acid, 4-methyl catechol, chlorogenic acid, catechin, epicatechin,
pyrogallol, catechol, flavonols, p-coumaric acid dervatives

Avocado 4-Methyl catechol. dopamine, pyrogallol, catechol. chlorogenic acid, caffeic acid, DOPA

Banana 3.4-Dihydroxyphenylethylamine (dopamine), leucodelphinidin, leucocyanidin

Grape Catechin. chlorogenic acid, catechol. caffeic acid, DOPA | tannins, flavonols, protocatechuic
acid, resorcinol. hydroquinone, phenol

Mango Dopamine-HCI. 4-methyl catechol. caffeic acid. catechol. catechin, chlorogenic acid. tyrosine,
DOPA. p-cresol

Peach Chlorogenic acid. pyrogallol. 4-methyl catechol. catechol. caffeic acid. gallic acid. catechin,
dopamine

Pear Chlorogenic acid. catechol, catechin, caffeic acid, DOPA. 3 4-dihydroxy benzoic acid, p-cresol

Plum Chlorogenic acid. catechin, caffeic acid, catechol, DOPA

Adapted from Marshall et al. (2000).



Table 12.1

The major classes of phenolic compounds present in fiuts

Number of Carbon

carbons skeleton Class and subclass Example
& Cs Simple phenols Catechol
7 Cs—Cq Hydroxybenzoates (phenolic Gallic acid, protocatechuic acid, syrngic
acids) acid, gentisic acid, p-hydroxybenzoic acid
9 Cs—Cs Hydroxycimnamates Caffeic, p-coumane, ferulic, 1soferulic
(phenolic acids)
Coumanns Scopoletin, aesculetin, umbelliferone,
limmetting hermiann
10 Cs—Cs Naphthoquinones Juglone
13 Cs—C1—Cs Nanthones Mangifenn mangostin, gartanins
14 Cg—Cr—C Stilbenes Resveratrol
15 Ce—LC3—LCs Flavonoids
Flavanone Narngemn hespereting nechesperiding
enodictyol, citromuitin, pmostrobin
Flavone Luteclin, apigenin, tangeretin, nobilefin,
sinensetn
Flavonol Chuercetin, kaempferol, mynicetin
Flavan-3-ol Catechin, epicatechun, gallocatechins,
epigallocatechin, epicatechin gallate
Anthocyanns Cyanidn, delphimdim, malvidn, peomding
petumidin, pelargomdin
Dihydrochalcones Phloretin, phlondzin
18 (Ce—C5)2 Lignans Secolsolaniciresinol, matairesinol
30 (Ce—C3—Cs)2  Biflavonoids Amentoflavone
] (Ce—C3n Lignins Guatacyl ligmns
] (Ce—C1n: Hydrolysable tanmns Gallotannins, ellagitannins, castalagm,
Glu conlagin, chebulagic acid
] (Cq—C3—Csm  Condensed tannins Procyanidins (catechin polymers)
(flavolans)

Adapted from Harbome (1980).



Table 12.2 Concentrations (mg/100 g fresh weight) of phenolics of selected frut crops

Total Hydroxycinnamic Flavan-
Fruit phenols acid derivatives Anthocyanins Flavonols 3-ols Tannins
Apples 50-1.100 6-134 10-2.160 (P9) 1841 (P) 0.2-16 400-3.500
Blueberry 3814.651 188-211 160-503 2.4-29 5-20
Cranberry 46-172 14-33 6—20 100
Grape (white) 350 (P) 1.3-87 (P) 0 8.1-8.2 14-53(P) 17 (P)
Grape (red) 900950 10-109 (P) 8.388 1.9-10 220-370 32-78 (P)
Orange 831 14-16 050-100
Peach 28-180 875 0 0.4-1 5.3-14 90-120
Pear 123-400 170 5-10 (P) 4-160(P)  0.1-6.2 53
Plum 167-200 12-94 2-5.3 2-5.2 1.8-6.1 76150
Strawberry 85 1.4-3.1 28-70 2.1-17 2496 110-150

Adapted from Kalt (2001).
9P indicates the peel tissue.



Factors important for enzymatic browning

The most Important factors that determine the rate and
Intensity of enzymatic browning are the activity of enzyme,
concentration of specific polyphenols present in the tissue,
oxygen availability, the pH, and the temperature (Martinez and
Whitaker, 1995). Browning reactions are also dependent on the
mechanical integrity of cell membranes (Dornenburg and
Knorr, 1997). In addition to this, the subsequent nonenzymatic
browning also influences the PPO activity. The optimum pH
and temperature for PPO activity varies with the source of the
enzyme and the substrate (Vamos-Vigyazo, 1981).
Thermotolerance of the PPO depends on the substrate
specificity, pH, and also the source of the enzyme. Short
exposures of the tissues to a temperature range of 70-90-C are
sufficient for partial or complete destruction of PPO activity:.



* Enzymatic browning in fruits, for example, apples, can
be controlled by blanching, a pretreatment, which results
In Inactivation or destruction of PPO. In a recent study, It
has been found that treatment at 75°C for 5 min and
treatment at 90-C for 10 s is sufficient to control the
enzymatic browning in apple (Rupasinghe et al.,
unpublished). However, the thermal treatment may result
In a loss of phenolic compounds, vitamins, and other
water-soluble nutrients and also affect the product quality
such as flavor, color, taste, and texture (Biekman et al.,
1996). To prevent these changes, nonthermal methods
such as application of chemical inhibitors have been
devised for inactivation of PPO (Sapers et al., 1990;
Sisler and Serek, 1997; Son et al., 2001; Rupasinghe et
al., 2005).



* The enzyme activity gets inhibited by the presence of acids,
halides, sulfites, chelating agents, and reducing agents such as
ascorbic acid, quinine couplers such as cysteine, and various
substrate-binding compounds. The role of metal ions
Influencing the enzymatic browning has also been investigated
by several researchers. According to Aydemir (2004), Cu2+
and Fe3+ ions at 10 mM concentration, both Cu2+ and Fe3+
lons acted as poor inhibitors of PPO. Colak et al. (2007) and
Kolcuoglu et al. (2007) have recently found that Cu2+ at 1
mM concentration was sufficient to inhibit PPO activity. As
well, the reported literature on the effects of different metal
lons on the PPO activity is varying. Interestingly, a strong
correlation (/2 = 0.92) between copper content of fruit and
PPO activity has been reported (Joshi et al., 2007). However,
further investigations need to be carried out to understand the
role and concentration-dependent effect of metal elements on
PPO activity and enzymatic browning.
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