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INTRODUCTION 

Many fruits as they ripen, become softer and increasingly susceptible to fungal 
attack. Optimum quality is often associated with a certain degree of hardness 
and crispness, beyond which customer appeal diminishes. Development of 
technology to control this change is therefore of importance to fruit industries. 
For further information on such technologies and on other ripening changes (see 
Medlicott and Jeger V.i and Chaplin Chapter V.2). 

CAUSE OF SOFTENING 

Softening is usually accompanied by breakdown of the plant cell wall. The walls 
of parenchyma cells in the pulp region of fruits are made up almost entirely of 
carbohydrate material. Mature unripe fruit cells generally have rigid, well-
defined walls whereas those from ripe fruits have soft, diffused walls. 
Ultrastructural studies have suggested that softening is accompanied by 
dissolution of the middle lamella region (between cells) which is rich in pectin, 
resulting in cell separation in tomato (9), strawberry (31), apple (4) and pear (4). 
This change appears to be brought about by hydrolytic enzymatic activity on the 
pectic component of the cell wall. Molecules from this fraction 
characteristically have a long backbone of galacturonic acid in - 1 , 4-linkage 
with side chains containing galactose and/or arabinose attached to rhamnosyl 
residues (see Fig. 1). Other features of this polymer are regions of high 
branching, regions of low branching, and areas where the carboxylic acid group 
of galacturonosyl residues are methoxylated or acetylated. 

Once fragmented by enzymes, pectin becomes detached from the rest of the cell 
wall. Such solubilization has been observed in mango (11,25), tomato (16), 
strawberry (31), date (47), apple (29), avocado and peach (39). This process 
together with mobilization of stored reserves of starch accounts for increases in 
soluble carbohydrates with ripening. Consistent with these observations, are 
reported decreases in cell-wall content of galacturonic acid, galactose and often 
arabinose (1,16,17,30,31). There is very little evidence to support significant loss 
of other cell wall components (hemicellulose, cellulose, hydroxyproline-rich 
glycoproteins) during softening. 

Figure 1 . Structure of pectin and its attachment t o the rest of th e cell wall . 
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ENZYMOLOGY OF SOFTENING 

Our present understanding of the mechanism of cell-wall softening is poor. (See 
Huber (23) for a comprehensive review of cell wall changes and enzyme changes 
during fruit ripening). One of the main problems is a lack of understanding of 
the full structure of pectin and how it is associated with the rest of the cell wall. 
For more detailed coverage of this topic, the reader is referred to recent 
reviews by John and Dey (28) and by Fry (14). It seems very likely that pectin 
molecules are covalently attached to the cell wall via their side chains. Thus, 
solubilization may be effected by internal cleavage of the latter and/or endo-
hydrolysis of the rhamnogalacturonan backbone. The former activity requires 
hydrolysis of endogalactanases or endoarabanases whilst the latter can be 
effected by endopolygalacturonase. 

Endopolygalacturonase (PG) 

Endopolygalacturonase has been identified in many fruits (9,19,20,41,42) and 
possesses the capacity to randomly hydrolyse the rhamnogalacturonan backbone 
of pectin. However, it is not present in all fruits. After an extensive search, 
Brinson (8) concluded it was absent from Ngowe mangoes. This was subsequently 
supported by John (27). However, the enzyme is present in Keitt mangoes (46). 
Further, in a recent study, Lazan and co-workers (32) reported PG activity in 
'Huramanis' and 'Mulgoa' mangoes. 

Evidence for the involvement of PG in fruit softening is very convincing. Its 
activity becomes noticeable two or three days after the onset of ethylene 
production in tomato (54) and increases with ripening. It can singularly solubilize 
material from cell walls of unripe tomato (55), pear (2), and peach (40) under in 
vitro conditions. Using electron microscopy, Crookes and Grierson (9) showed 
that such activity in tomato can cause dissolution of the middle lamella. 
Although PG can degrade tomato cell walls in vitro, its action alone does not 
bring about reductions in cell-wall galactose as occurs during the natural process 
(55). Thus, it seems likely that cell-wall breakdown is caused by coordinated 
activity of at least two enzymes in this fruit. In pears, however, the enzyme is 
able to solubilize arabinose (2). It is becoming apparent that there may be 
different mechanisms for the solubilization of pectin in different fruits. 
Certainly, the absence of endo-PG in some fruits such as the apple suggests there 
are at least two classes of fruits with different mechanisms for cell-wall 
softening. One involving hydrolysis of the rhamnogalacturonan backbone and the 
other presumably hydrolysis of the side chains containing neutral sugars. A 
further complicating factor is variation in the sugar composition of the cell walls 
of fruits particularly between those belonging to different botanical groups. This 
has been demonstrated by Gross and Sams (17) who studied the cell-wall sugar 
composition of seventeen different fruits. They suggested that care should be 
taken to avoid generalizations about fruit softening. If initial structures are 
different to start off with, then their mechanism of degradation are likely to 
vary. This issue revolves around the presently debated question on the universal 
applicability of cell-wall models. Albersheim (3) suggested that one model may 
apply to the primary cell-wall of dicotyledonous plants. Presently this 
contention has not been widely accepted, although it has not been dismissed. 
Further progress is dependent upon a greater understanding of cell-wall structure 
and the study of a wider variety of plants. Much of the structure on cell-wall 
softening has been restricted to work on popular varieties of fruits such as 
tomato, apple, pear, avocado, mango and peach. These represent a tiny fraction 
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of the entire fruit spectrum and may not necessarily be representative of 
ripening in general. There is need for widening the number of species studied, 
and for work of a more biochemical nature. 

It has been suggested that prior action by pectinmethylesterase (PME) which 
catalyses the hydrolysis of methoxylated galacturonosyl residues facilitates the 
activity of PG which has a preference for de-esterified pectin (33,35,38). PME 
has been found in mangoes (34), bananas (25), avocadoes (5), peaches (49), pears 
(37) and tomatoes (10). However, there is no clear correlation between its 
activity and cell-wall softening. Hamson (18) reported PME activity to be higher 
in unripe tomatoes whilst Hobson (22) observed 40% greater activity at the ripe 
stage. 

Galactanase and arabanase 

If the side chains of pectin which are thought to be galactans and/or arabinans 
and/or arabinogalactans are covalently attached to the cell wall as models 
indicate (28), then their endo-hydrolysis is necessary for solubilization of pectin 
in fruits devoid of PG. Such galactanase or arabanase activity has not been 
clearly demonstrated in fruits. Although unable to positively identify these 
enzymes in Ngowe mangoes, John (27) suggested their presence in a crude 3M 
LiCl extract from the walls of ripe fruits. This preparation which apparently did 
not contain PG was able to solubilize large polysaccharide molecules and a range 
of monosaccharides from cell walls of the unripe fruit. No oligosaccharides were 
detected. The changes brought about in degraded cell walls were similar to that 
which occurs during normal ripening. 

Exoglycosidases 

The involvement of exoglycosidases in cell wall breakdown has not been 
established. This class of enzymes (particularly β-galactosidase and -
arabinosidase) is of interest because they are present in a number of fruits and 
increase many-fold with ripening (2,8). They may be responsible for the removal 
of galactose and arabinose from cell walls, but this has not been demonstrated in 
vivo. Tomato (43) and apple (6) B -galactosidase are able to hydrolyse cell wall 
galactans. Otherwise, studies have mostly used artificial substrates such a 3 -
nitrophenyl-iS-galactopyranoside which may not accurately reflect true in vivo 
activity. Multiple forms of B -galactosidase have been identified in tomato (43) 
and mango (27). As exoglycosidases can only remove sugar residues from the end 
of large molecules, their action alone could not solubilize polysaccharides from 
the cell wall. Thus, they are unlikely to be of importance in cell-wall softening, 
unless in a regulatory role. Following initial cleavage by endoenzymes such as 
galactanase or arabanase, exo-hydrolysis of the exposed end groups becomes 
possible. Subsequent removal of these side chains may enhance the activity of 
PG or PME by reducing stearic hindrance. 

CONTROL OF SOFTENING 

Hobson (21) suggested that ripening should be considered as a number of key 
processes taking place simultaneously, each one having its own control 
mechanism which is loosely coordinated with those of other processes. Control 
of softening is dependent upon understanding the mechanism by which it is 
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brought about and its interrelation with other pathways. Traditionally, in 
biochemistry, analogues of substrates and the final product of reactions have 
been used to inhibit enzymatic catalysis. Theoretically, it is possible to reduce 
softening by inhibiting key enzyme(s) involved in this process, particularly at the 
initiation stage. However, little attention has been paid to this possibility. It is 
likely that cell-wall degradation may have a regulatory role in other processes 
occurring inside the cell. Control may be effected by solubilization of attached 
enzymes which may then partake in the furtherance of ripening by acting on 
substrates present in the cytosol. In support of this, results obtained from 
studies on the action of PG using cell-wall substrates suggest that protein as well 
as carbohydrate material is released (25,50,51). Further, some reduction in 
firmness of fruits has been observed prior to incipient ripeness (5,7). 

Modification of substrate is another strategy that could be employed to control 
softening. Calcium is mainly located in the cell wall of plants (18) and plays a 
crosslinking role in the structure of pectin (28). Addition of this ion could have 
rigidifying effect on cell walls and stearically obstruct enzymes such as PG from 
reaching their sites of action. Alternatively, direct inhibition of enzymes could 
be possible. For example, in vitro studies of tomato pectic enzymes show that 
maximal activity of PME had a requirement for Ca2+, whereas PG activity was 
inhibited by concentrations as low as 10-7 M (57). Application of Ca2 + has been 
shown to inhibit normal ripening of several fruits (12,52,56), however at higher 
concentrations skin injury and secondary microbial growth results (53). 

Once the enzymology of softening is better understood, control could be 
executed at the genetic level by inhibiting synthesis of key enzymes. This opens 
up the possibility of delaying the onset of ripening rather than slowing down the 
ripening process once it has already started as present-day methods such as 
refrigeration do. Certainly, protein synthesis appears to occur at the 
climacteric stage during fruit development (13,15,29). This is supported by 
evidence of increases in the ratio of protein nitrogen to total nitrogen (24,48). It 
has not been established whether de novo synthesis of protein catalyzes the 
climacteric rise. However, reports of ripening-related changes in the levels of 
different transfer RNAs (36) and messenger RNAs (44,45) in tomato fruit support 
this contention. As previously mentioned, PG is synthesized de novo in tomato 
shortly after the onset of ethylene production. 

Traditional methods for controlling ripening and thus softening such as low 
temperatures and modified atmospheres have been tried and tested over the 
years. Although these can be refined to give increases in storage life of fruits, 
they are unlikely to provide any dramatic advances in postharvest technology. 
This requires the development of a base of scientific knowledge which offers 
more than is currently known today. There is therefore a need to invest in long 
term projects aimed at understanding ripening at the molecular level to provide 
information for future exploitation. At the same time, research directed at fine 
tuning present-day technology to fulfil more immediate requirements also needs 
to be carried out. 
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