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ABSTRACT

Changes in the activities of various cell wall degrading enzymes, viz., exo-polygalacturonase (PG), B-D-
galactosidase, cellulase and pectin methyl esterase (PME) were assayed on alternate days. Activities of PG,
B-D-galactosidase and cellulase increased continuously with the advancement of ripening on-tree as well as
in-storage, whereas the activity of PME showed a fluctuating trend, it initially increased and thereafter showed
a declining trend during ripening on-tree as well as in-storage. Further the activities of PG, 3-D-galactosidase
and cellulase showed a very high negative correlation with loss of fruit firmness during ripening, whereas the
activity of PME did not showed a significant correlation with firmness. Changes in the activities of all the enzymes
studied were faster during ripening in-storage as compared to ripening on-tree in both the cultivars; however
cv. Hisar Surkha exhibited faster changes than cv. Hisar Safeda. Changes in enzymatic activities were rapid in

rainy season than winter season crop.
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INTRODUCTION

Guava (Psidium guajava L.) is one of the most
important tropical fruit. Fresh guava is rich source
of vitamin-C and also contains appreciable amounts
of niacin, calcium, phosphorus and pectin. Guava
seed are potential source of iron and oil (Misra and
Sheshadri, 16). Guava is a perishable fruit and highly
prone to bruising and mechanical injuries. To reduce
the percent losses in guava and to avoid glut, it is
desirable to evolve technologies for prolonging its
keeping quality through delaying softening process
during ripening. Development of practical solution
to the post harvest problems requires detailed
understanding of biochemistry of fruit ripening. The
various physiological and biochemical changes take
place in guava during ripening have been studied
by many workers (Selvaraj et al., 22; Jain et al., 11).
It has been observed that ripening behavior of fruit
while attached to tree may not be the same as in the
detached fruit during storage (Nunes et al., 18).

Softening during ripening involves structural
as well as biochemical modifications of cell wall
polysaccharides. While the mechanisms that regulate
such modifications are not fully understood, cell wall
hydrolytic enzymes are reported to contribute to
softening in climacteric fruits such as apple, avocado,
mango, papaya, pear and tomato (Huber, 9).Thus,
the present investigation was undertaken with the
objectives to compare the pattern of changes in
activities of some hydrolyzing enzymes and find out the
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correlation of activities of enzymes (PG, PME, cellulase
and B-D galactosidase) with loss of fruit firmness during
ripening of guava fruits on-tree and in-storage.

MATERIALS AND METHODS

The present investigation was carried out during
rainy and winter season crop of a year, at Post Harvest
Laboratory of Department of Horticulture CCS HAU,
Hisar. Fruits of guava cultivars Hisar Safeda and
Hisar Surkha were harvested with secateur keeping
a small intact pedicel with each fruit, from ten year
old trees growing at Orchard of the department of
Horticulture, CCS Haryana Agricultural University,
Hisar. For studying ripening on-tree the fruits from tree
were harvested on the basis of visual observation and
firmness at three maturity stages, viz., green mature
stage (GMS): 100% green fruit; half ripe stage (HRS):
50% yellow and 50% green fruit; full ripe stage (FRS):
80% yellow and 20% green fruit (These stages were
decided by visually observing the fruit skin colour
and firmness was checked by putting pressure by
hand. Fruits which were not compressed by applying
pressure with hand were categorized into GMS, while
those fruits which were slightly compressed were
categorized as HRS and those which were punctured
were categorized as FRS). For studying ripening, in-
storage 10 kg uniform size fruits of both the cvs. Hisar
Safeda and Hisar Surkha were harvested at green
mature stage from the trees of uniform size and age.
Fruits were divided into four replicates, each of 2.5
kg, packed separately in 2% perforated polythene
bags (200 gauge) and stored at room temperature
(Average room temperature during study was 30°C
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in rainy season and 10°C in winter season). Three
fruits were analyzed from each replicate and the
activities of various cell wall degrading enzymes were
assayed on respective stages for on-tree ripening and
on alternate days for in-storage ripening. Activity of
polygalacturonase (EC3.2.1.67) was assayed by the
method of Bartley (2) , cellulase (EC3.2.1.4) activity
by the method of Dick et al. (5) and the activity of
pectin methyl esterase (EC 3.1.1.11) was assayed by
the method of Hobson (8). Correlation between the
activity of these enzymes and loss of fruit firmness
during ripening was calculated using Karl Pearson’s
coefficient of correlation (r?) as suggested by Panse
and Sukhatme (19).

RESULTS AND DISCUSIION

Results related to changes in the firmness of
fruits of fruits of guava hybrids, viz., Hisar Safeda
and Hisar Surkha followed a declining trend with
the advancement of ripening on-tree as well as in

storage (Tables 1 & 2). During on-tree ripening, in
rainy season, fruit firmness was 13 kg/cm? at green
mature stage, which reduced significantly to 5.7
and 3.8 kg/cm? at half ripe stage and full ripe stage,
respectively while in winter season, it decreased from
13 kg/cm? at green mature stage to 7.00 and 4.30
kg/cm? at half ripe and full ripe stages, respectively.
Varietal differences as well as interactions between
varieties and stages of harvest were statistically non-
significant. This loss of firmness may be attributed to
either loss of turgor or degradation of cell wall (Brady,
3). During ripening in-storage, in rainy season, fruit
firmness was 13 kg/cm? in both the hybrids at 0 day
of storage which decreased to 8.2 kg/cm?in cv. Hisar
Safeda and 6.8 kg/cm?in cv. Hisar Surkha on 2" day
of storage and showed a significant declining trend
throughout the storage period, reaching to a minimum
of 3.2 kg/cm?in cv. Hisar Safeda and 1.2 kg/cm?in cv.
Hisar Surkha on 6" day of storage. In winter season,
both the hybrids yielded the values of 13 kg/cm? upto

Table 1. Changes in the firmness (kg/cm?) and activities (units*/g f.tw./h) of polygalcturonase (PG), B-D-galactosidase

in guava fruits during ripening on-tree.

Harvest stage Firmness PG 3-D-galactosidase

Hisar Hisar Mean Hisar Hisar Mean Hisar Hisar Mean

Safeda Surkha Safeda Surkha Safeda Surkha

Rainy season
GMS 13.0 13.0 13.0 0.065 0.071 0.068 351 382 366
HRS 6.0 5.9 5.7 0.082 0.092 0.087 443 495 469
FRS 4.0 3.6 3.8 0.090 0.102 0.096 487 549 518
Mean 7.6 7.3 0.079 0.088 427 475
r2 with firmness -0.99 -0.99
CD at 5%
Variety (A) : NS 0.02 13.8
Storage period (B) : 0.5 0.03 14.2
AxB: NS NS NS
Winter season

GMS 13.0 13.0 13.0 0.042 0.053 0.048 158 252 205
HRS 7.1 6.9 7.0 0.062 0.078 0.070 233 371 301
FRS 4.5 4.1 43 0.068 0.089 0.079 254 423 338
Mean 8.2 8.0 0.057 0.073 215 348
r2 with firmness -0.99 -0.99
CD at 5%
Variety (A) : NS 0.02 12.6
Storage period (B) : 0.9 0.03 13.5
AxB: NS NS NS

1 unit* of PG = mg of galacturonic acid liberated

1 unit* of R-D-galactosidase = micro mole of nitrophenol liberated
GMS = Green mature stage, HRS = Half ripe stage, FRS = Full ripe stage
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Table 2. Changes in the firmness (kg/cm?) and activities (units*/g f.tw./h) of polygalcturonase (PG) and 3-D-galactosidase

in guava fruits during ripening in storage.

Storage Firmness PG 3-D-galactosidase
(days) Hisar ~ Hisar  Mean Hisar Hisar Mean Hisar Hisar Mean
Safeda  Surkha Safeda  Surkha Safeda  Surkha

Rainy season
0 13.0 13.0 13.0 0.065 0.071 0.068 351 382 366
2 8.2 6.8 7.5 0.080 0.089 0.084 432 479 455
4 5.9 2.9 4.4 0.086 0.109 0.097 464 586 525
6 3.2 1.2 22 0.093 0.119 0.106 502 639 570
Mean 7.5 5.9 0.081 0.097 437 521
r2 with firmness -0.99 -0.99
CD at 5%
Variety (A) : 0.2 0.03 14.2
Storage period (B) : 0.3 0.04 14.7
AxB: 0.4 NS NS

Winter season
0 13.0 13.0 13.0 0.043 0.053 0.048 158 252 205
2 13.0 13.0 13.0 0.048 0.058 0.053 176 276 226
4 8.1 6.8 7.4 0.056 0.066 0.061 205 314 259
6 6.2 3.9 5.0 0.063 0.074 0.068 231 352 291
8 3.5 3.0 3.2 0.066 0.084 0.075 242 399 320
Mean 8.7 7.9 0.055 0.067 202 318
r2 with firmness -0.97 -0.97
CD at 5%
Variety (A) : 0.2 0.03 11.7
Storage period (B) : 0.3 0.02 12.8
AxB: 0.4 NS NS

1 unit* of PG = mg of galacturonic acid liberated

1 unit* of B-D-galactosidase = micro mole of nitrophenol liberated

2n day of storage thereafter the values of firmness
declined significantly to 3.5 kg/cm?in Hisar Safeda and
3.0 kg/cm? in cv. Hisar Surkha on 8™ day of storage.
Cultivar Hisar Safeda retained higher firmness than
cv. Hisar Surkha throughout the investigation in both
the seasons. Tucker and Grierson (28) established
the positive role of some degrading enzymes such as
PG, PME and galactosidase with the fruit firmness.
Loss of fruit firmness was more in rainy season than
winter season which may be attributed to higher
temperature in rainy season.

Activity of enzyme polygalacturonase (PG)
increased progressively and significantly with the
advancement of ripening on-tree as well as in-
storage (Tables 1 & 2). During ripening on-tree in
rainy season, at green mature stage, the PG activity
was measured to be 0.068 units/gfw/h which further
increased significantly to 0.087 and 0.096 units/gfw/h

at half ripe and full ripe stages, respectively. In winter
season PG activity was 0.048 units/gfw/h at green
mature stage which showed a significant increase to
0.070 units/gfw/h and attained a maximum value of
0.079 units/gfw/h at full ripe stage. During ripening
in-storage, in rainy season, PG activity increased
from 0.068 units/gfw/h at 0 day to 0.106 units/gfw/h
on 6" day of storage. In winter season, its value was
recorded to be 0.048 units/gfw/h on 0 day of storage
which eventually reached to the value of 0.075 units/
gfw/h on 8™ day of storage .The PG activity has been
reported to be responsible for fruit softening (Tucker
et al., 29; Huber, 9). The increase in PG activity has
been found responsible for a decrease in covalently
bound pectin content due to its hydrolysis into free
pectin (Siddiqui and Sharma, 27). The results reported
herein are more or less in accordance with the earlier
findings of Saroja et al. (20) and Goukh and Bashir
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(7) in guava, Abu- sarra and Abu-Goukh (1) in mango,
and Lazan et al. (15) in durian.

Cultivar Hisar Surkha exhibited higher PG activity
than cv. Hisar Safeda which seems to be responsible
for its fast ripening behavior. During the entire
investigation activity of PG was found to have a
significant negative correlation with fruit firmness.
Siddiqui and Sharma (27) during ripening of ber
recorded more or less parallel results. A significant
and progressive increase in the activity of 3-D-
galactosidase (Tables 1 & 2) with the advancement
of ripening was observed during the present
investigation. During ripening on-tree, in rainy season,
B-D-galactosidase activity was recorded to be 366
units/gfw./h at green mature stage, which increased
to 469 and 518 units/gfw/h at half ripe and full ripe
stages, respectively. Similar trend was repeated in
winter season where its activity increased from 205
units/gfw/h at green mature stage to 301 and 338
units/gfw/h at half and full ripe stages, respectively.

During ripening in-storage, in rainy season,
activity of enzyme B-D-galactosidase in guava fruits
recorded on 0 day of storage was equivalent to 366
units/gfw/h which increased progressively throughout
the storage period and reached to a maximum value
of 570 units/gfw/h on 6" day of storage. During winter
season, its value increased from 205 to 320 units/
gfw/h from 0 to 8" day of storage. Activity of B-D-
galactosidase was higher in cv. Hisar Surkha than
Hisar Safeda, which might due to genetic variation
among the hybrids. B-D- galactosidase activity
was slower in winter season fruits as compared
to rainy season fruits due to overall retardation
in enzymatic activities at lower temperature. The
present investigation revealed a very high and
significant negative correlation between activity of
B-D-galactosidase and loss of fruit firmness. Siddiqui
and Bangerth (25) have also observed similar results
during softening of ber and apple, respectively. The
increased activity of §-D-galactosidase with ripening
has also been reported in subtropical fruit crops
(Lazan et al., 15), apple (Siddiqui and Bangerth, 24),
and ber (Siddiqui and Sharma, 27).

Cellulase activity exhibited an increasing trend with
the advancement of ripening (Tables 3 & 4) . During
ripening on-tree, in rainy season, cellulase activity at
green mature stage was measured to be 20.83 units/
gfw/h which increased significantly to 24.31 units /gfw/h
and 24.60 units/gfw/h at half ripe and full ripe stage,
respectively. Similar trend was also recorded in winter
season with an activity of 16.39 units /gfw/h at green
mature stage which further increased significantly to
19.60 units/gfw/h at half ripe stage and then increased
slightly to 20.32 units/gfw/h at full ripe stage. During
ripening in-storage, in rainy season, cellulase activity

on 0 day of storage was recorded to be 20.83 units/
gfw/h it further increased significantly upto 6™ day of
storage and attained a maximum value of 29.22 units/
gfw/h on 6" day. Cellulase activity of winter season
fruits increased gradually from 16.68 to 21.60 units/
gfw/h from 0 to 8" day of storage. Increased activity
of cellulase enzyme during ripening is likely to cause
loosening of cell wall thereby reducing fruit firmness
(Lallan,14). These results are in agreement with the
earlier results of chin et al. (4) and Goukh and Bashir (7)
in guava, Ning et al. (17) in Chinese pear, and lanneta
et al. (10) in raspberry. However in contradiction to it
Selvaraj et al. (21) have reported that cellulase activity
increased from green to green mature stage and then
declined until ripening stage in guava cvs. Allahabad
Safeda and Sardar.

It was also noted that cv. Hisar Surkha showed
higher cellulase activity than cv. Hisar Safeda.
Furthermore, winter season fruits exhibited low level
of cellulase activity. A strong negative correlation was
observed in between cellulase activity and loss of
fruit firmness during the entire investigation a similar
correlation in between cellulase activity and softness
of fruit has also been reported in mango (Abu-Sarra
and Abu-Goukh, 1).

The activity of enzyme pectin methyl esterase
showed a fluctuating trend during ripening of guava
fruits (Tables 3 & 4) . During ripening on-tree, in rainy
season, activity of PME increased significantly from
63.85 units/gfw/h at green mature stage to 72.57 units/
gfw/h at half ripe stage and then declined significantly
to 68.37 units/gfw/h at full ripe stage. During winter
season, activity of PME increased significantly from
57.65 units/gfw/h at green mature stage to 63.17
units/gfw/h at half ripe stage and thereafter reduced
significantly to 60.39 units/gfw/h full ripe stage.
During ripening in-storage, in rainy season fruits,
activity of PME increased significantly from 63.85 to
68.05 units/gfw/h from 0 to 2™ day of storage and
thereafter its activity did not change significantly upto
4 day of storage and then decreased significantly
to 65.59 units/gfw/h on 6" day of storage. In winter
season fruits, PME activity increased significantly
upto 4" day of storage. On 0 day of storage its value
was recorded to be 58.05 units/gfw/h, which was
increased to a maximum value of 66.33 units/gfw/h
on 4™ day, thereafter it declined significantly to 62.45
and 58.00 units/gfw/h on 6" and 8" day of storage,
respectively.

It has been postulated that PME assists PG enzyme
for methylation or esterification of galacturonide chains
of pectin (Huber, 9). Thus, decreased PME activity
during later stages indicates that the role of PME was
over after making the availability of pectic substances
for PG enzyme to act upon. Similar results have also
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Table 3. Changes in the firmness (kg/cm?) and activities (units*/gfw/h) of cellulase and pectin methyl esterase (PME)

in guava fruits during ripening on-tree.

Harvest stage Cellulase PME

Hisar Safeda Hisar Surkha Mean Hisar Safeda Hisar Surkha Mean

Rainy season
GMS 19.88 21.78 20.83 62.31 65.40 63.85
HRS 23.02 25.61 24.31 69.52 75.62 72.57
FRS 23.41 25.80 24.60 65.47 71.27 68.37
Mean 22.10 24.40 65.77 70.76
r2 with firmness -0.99 -0.76
CD at 5%
Variety (A) : 1.36 2.56
Storage period (B) : 1.10 3.02
AxB: NS NS
Winter season

GMS 15.48 17.31 16.39 55.20 60.11 57.65
HRS 18.51 20.69 19.60 60.02 66.33 63.17
FRS 19.62 21.03 20.32 57.82 62.97 60.39
Mean 17.87 19.67 57.68 63.14
r2 with firmness -0.99 -0.67
CD at 5%
Variety (A) : 1.25 2.81
Storage period (B) : 1.50 2.96
AxB: NS NS

GMS = Green mature stage, HRS = Half ripe stage, FRS = Full ripe stage

1 unit* of cellulase = pg of glucose liberated
1 unit* of PME = meq of ester hydrolysed

been reported earlier in guava (El-Zoghbi, 6; Jain et
al., 11), in ber (Siddiqui and Sharma, 27), and mango
(Ketsa et al., 13).

During the course of present study, cv. Hisar
Surkha exhibited faster changes in PME activity and
maintained overall higher activity than cv. Hisar Safeda.
Fruits of winter season were slower in PME activity
than rainy season fruits. Results relating to correlation
of PME with loss of firmness were inconsistent with
low values of correlation coefficient. Smith et al. (26)
also observed a little correlation of PME activity with
softening of banana fruits.

Guava fruits exhibited more or less similar pattern
in the change of the activities of cell wall degrading
enzymes except that the changes were rapid during
ripening in-storage in comparison to ripening on-tree.
A high negative correlation was observed between
PG, B-D-galactosidase and cellulase activity and loss
of fruit firmness. Thus, these enzymes are involved in
softening of guava fruit during ripening, whereas PME
plays a lesser role. Cultivar Hisar Surkha exhibited

faster changes in the activities of cell wall degrading
enzymes as compared to Hisar Safeda owing to its
fast ripening character.
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