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ABSTRACT

Hot water treatment of papaya fruits reduced the incidence of chilling injury and
alleviated chilling symptoms. There was no clear effect of hot water treatment on the
. flesh firmness. However, hot water treatment significantly increased SSC and acidity
than untreated ones in both seasons. In addition, the worked treatment had a slight or
no effect on fruit water content and fruit flesh carotene content. However, loss in fruit
weight was significantly increased in chilled stored fruits.

Keywords: Papaya fruits, hot water treatment, chilling injury, symptoms, low
temperature storage.

INTERODUCTION

The ripe fresh fruits of papaya are eaten and manufacture of jam, soft
drinks, ice-cream flavouring, crystallized fruits and canned in syrup. In
addition, the seeds are used for their medicinal value. Papain (proteolitic
enzyme) get out from immature fruits. Finally, fruits are rich in f—carotene
and its important as a source of vitamin A (Bose, 1985).

Typical chilling injury symptoms in papaya fruits are surface pitting,
uneven discoloration, enhanced softening and cell wall modifications and
increased susceptibility to diseases. In addition, the chilled- stored fruits
seemed to have a reduced capacity to synthesize and produce ethylene
(Zainon et al., 2000).

Post-harvest heating to kill or to weaken plant pathogen offers a
pesticide-free method to reduce rot development and control Post-harvest
diseases (Liquido, 1991; Nishuima, 1995 and Obenland et al., 1999).

Heat treatment markedly maintained membrane stability (Chein, 2000),
reduced texture changes and suppressed the activity of b-glactosidae, an
important softening enzyme in papaya (Zainon et al, 2000). Also, it
decreased polygalacturonase activity and polyuronide solubility (Lazan et al.,
1889). On the other hand, heat treatment maintained the capacity of fruits to
produce ethylene as compared to non-neat treated fruits (Zainon et al.,
2000).

As 2 result, heat treatment prolonged fruit storagability with maintaining
its quality by reducing low temperature injury (Lazan et al., 1989) and these
finding may associated with the incidence of heat shock protein as a result to
heat treatment shock response (Paul, 1990; Han et al., 1996 and Chein,
2000).

The objective of the present study is to investigate the following
characters of papaya stored fruits:
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2-The histological characteristics of the sound and injured fruits.

3-The storagability of papaya fruits in response to the hot water
treatment and the following storage temperatures.

4-The effects of hot water treatment and the following storage
temperature on the physical (weight loss, water content and fruit
firmness) and the chemical (soluble solids content, titratable acidity
and flesh (B and total) carotene content).

MATERIALS AND METHODS

The present study was carried out on papaya (Solo cv.) harvested from
a private orchard (MAFA) in EI-Nobaria, Alexandria province.

Previously, studies were carried out on some physical and chemical
characters of the harvested fruits before starting the experiment and the
obtained data were recorded in Table (1) in two successive seasons (2003
and 2004).

Table (1): Some Physical and Chemical Characters of the Harvested
Fruits (2003 and 2004, Seasons).

Parameters 2003 Season 2004 Season

Fruit Weight (g) 688.34 667.24
Fruit Size (cm):

Highness 12.78 12.58
Diameter 12.72 12.76
Firmness (Ib/in®) 27.00 275
SSC % 9.87 10.73
Acidity % 0.15 0.17

Sound selected papaya fruits (uniform in size and free of mechanical
damage or pathological disorders) were washed then divided into four groups
(50 fruits for each of the first three groups and 20 fruits for the fourth group).
1) The first one was dipped in hot water (HW) at 45°C for 5 min. 2) The
second group was dipped in hot water at £0°C for 5 min. 3) The third gioup
was untreated (control). All the above three groups were air dried then stored
at 5°C and 85- 90 % relative humidity (RH). 4) On the other hand, the fourth
group of papaya fruits was stored at room temperature (RC) without any
treatments except washing and draying.

Five papaya fruits were taken to determine the initial physio-chemical
properties of the fruits. Changes in such properties were followed up in four
days intervals throughout the experimental period. 10 papaya labelled fruits
in every treatment were initially weighed to calculate fruit weight loss (%)
during the storage period in relation to its original weight.

Patches of skin were removed from 4 opposite sides around the
equator of papaya fruit to measure flesh firmness by using the Effegi
pressure tester with an eight mm Plunger (Effegi, 48011 Alfosine, Italy).
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Four opposite peeled segments from the rose to the stem were
squeezed and the obtained juice was used to determine the percentage of
SSC by the use of a hand refractometer, and the titratable acidity as g malic
acid / 100 ml fruit juice (Chen and Mellenthin, 1981).

Water content (%) was determined by drying a recorded weight of fruit
flesh. Subsequent periodical weight determinations were carried out to obtain
a constant dry weight then the percentage water content was calculated in
relation to the initial recoded weight.

Flesh total B-carotene content (IU / 100g fresh weight) was determined
by HPLC (Harold Egon, 1981). Fruit extracts were prepared by alkaline
hydrolysis and the unsaponifiable matter extracted with ether in the presence
of an antioxidant or under nitrogen. Retinyl acetate was added as an internal
standard and the ether evaporated off under reduced pressure. The residue
was dissolved in methanol for application to HPLC columns packed with 5-
pm C18 reversed phase. Acetone: water (95:5) was used as the developing
solvent with UV detection at 440 nm.

Flesh total carotene content was determined in its acetone extracts
(Grodzinsky and Grodzinsky, 1973). The absorption of the above extraction
was measured spectrophotometerically at 663, 644 and 440 nm to determine
chlorophyll a, b then carotene, respectively as mg / 100g fresh weight.

Preparation of papaya fruits for scanning electron microscopic studies
(histological studies) was carried out as follows:1- Tissue samples consisting
of small fragments of papaya fruits were fixed in universal E.M. (Mc Dowell
and Trump, 1976) and after dissection they were kept at 4°C till processing.
2-Rinsing twice in 0.1 M phosphate buffer for 10min. 3- Post fixation in 1%,
0.2 %M phosphate buffered osmium tetroxide for 1 hour at 4°C. 4- Rinsing
with phosphate buffer for 8 min, then dehydration started in 50,70,95 then
100 % ethyl alcohol changed twice for 10,8,10 and 15 min, respectively with
continuous shaking in every step. 5- Drying to the critical point. 6- A thin
coating of gold was done under vacuum using Sputterer coater JEOL.JFC-
1100E. 7- Examining with scanning electron microscop 5300 JEOL.

After the storage period, chilled fruits symptoms in response to low
temperature injury were also investigated. The obtained data were
statistically analyzed according to Snedecor and Cochran (1980). The
individual comparisons were carried out by using the Least Significant
Difference (LSD) according to SAS Institute (1985). Simple regression
coefficient between storage period and studied properties was calculated as
referred by SAS Institute (1985).

RESULTS AND DISCUSSION
Incidence of chilling injury:

Hot water treatments reduced the incidence of chilling injury and
retarded its appearance. Chilling injury symptoms began to appear in
untreated control fruits earlier by 8 days than hot water treated ones. In

agreement with the obtained results (Zainon et al., 2000) reported that the
" chilling injury symptoms in papaya fruits are surface pitting, uneven
discqloration, enhanced softening and cell wall modification and increased
susceptibility to diseases.
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In this concern, chilling injury symptoms as shown in (Fig 1) were small
deep green areas on the fruit surface then turned to big brown wateriness

ones associated with very small cracking. Fruit peel in those suffered areas

was easy to remove from the flesh by hand with the appearance of flesh
grooves under those areas as a result of the cells pressuring. With the
progress of chilling injury symptoms the fruits were fungal infected and the
untreated fruits were the most suffered ones.

Heat treatment induces heat shock proteins, suppresses oxidative
activity and maintains membrane stability (Chein, 2000 and Zainon, 2000). As
a result, hot water treatment reduced the incidence of chilling injury and
reduced its symptoms. One of the chilling injury results was the suppression
of fruit ripening even when the fruits were transferred to the room
temperature storage. Those results associated with the results of Lazan et al.
(1989), Lam (1990), Wills (1990) and Wills and Widjanarko (1997).

Histological characteristics of sound and injured papaya fruits during
Post-harvest storage:

Initial electron microscope scanning (EMS) of papaya fruits showed the
sound fruit cells of surface (Fig 2-A) and flesh cells (Fig 3-B). With the
beginning of chilling injury occurrence, small deep green areas appeared
then turned to big brown wateriness ones (Fig 2-B) associated with the
pressuring of the cells under those areas (Fig 3-B, 200 and 35 X) making a
groove with the disconnecting of fruit peel in those areas.

The above wateriness areas were associated with the development of
microscopic cracking (Fig 2-C) with the development of cracked areas in the
opposite flesh cells (Fig 3-C). Those cracking areas were most likely sites for
fungal infection which increased with the progress of storage period (Fig 2-D).

At the end of storage period the cells of papaya flesh in the injured
areas became leaky unshaped cells (Fig 3-D). Similar symptoms were
investigated histologically by Cohen et al. (1994) on citrus.

Flesh firmness:

As shown in Table 2 there was no clear effect of hot water treatment on
the flesh firmness of papaya fruits. The differences were not significant,
except the less significant firmness of 50°C hot water treated fruits in some
storage intervals in the first season. The same above treatment had the least
(not significant) fruit firmness in the second season. Papaya fruits lost 94.15
and 93.20 % of its initial flesh firmness after 4 days of storage at room
temperature.

Generally, the storage temperature of 5°C retarded the ripening
processes of papaya fruits with the progress of storage period as a result of
the chilling injury and the most suffered fruits were the untreated ones
because of its reduced capacity to synthesize and produce ethylene (Zainon
et al., 2000). On the other hand, hot water treatment reduced the effect of
chilling injury with maintaining of fruit texture where it maintained membrane
stability (Chein, 2000) and suppressed the activity of b- glactosidase, an
important softening enzyme in papaya (Zainon et al., 2000) and decreased
the activity of poly galacturonase in poiyuronide solubilization (Lazan et al,
1989).
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Fig. 1 (a, b and c): Effect of low temperature storage on chilling injury
symptoms of papaya fruits.
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Fig. 2 (a, b, c and d): The development of chilling injury symptoms of
papaya fruits (surface) stored at 5°C.
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Fig. 3 (a, b, c and d): The development of chilling injury symptoms of
papaya fruits (cells) stored at 5°C.
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Table (2): Effect of Hot Water Treatment and Following Storage
Temperature on Flesh Firmness (Ib/in’) of Papaya Fruits

(2003 and 2004 seasons).
Stora e period (days)
0 | 4 | f 16} =20 [ ¥

Treatments Flrst season

45°CHW 27.00a | 27.00a | 25.10a | 24.15a | 25.58a | 24.00a | 066*
50°CHW 27.00a | 25.73b | 25.42a | 19.65b | 22.42b | 24.18a 0.36
Control 27.00a | 27.00a | 24.58a | 26.42a | 24.87ab | 24.93a 0.50
RT 27.00a | 1.58¢c

Second season

45°C HW 27.50a | 23.80b | 27.00a | 26.73a | 25.45a | 24.12a 0.18
50°C HW 27.50a | 26.70a | 26.62a | 25.63a | 23.40a | 24.00a | 0.87*
Control 27.50a | 26.83a | 25.57a | 26.57a | 24.40a | 24.87a | 0.74*
RT 27.50a | 1.87¢

Means within same columns having a common letter are not significantly different.
r* =Determination coefficient.

SSC and titratable acidity:

Table (3) indicate that hot water treated fruits had higher significant
SSC than untreated ones in both seasons, but the differences were not
significant between the two hot water treatment of 45 and 50°C. SSC
increased with progress of storage period and with increasing of storage
temperature (RT stored fruits had 21.58 and 19.15 % increasing percentages
in SSC in both seasons, respectively).

Table (3): Effect of Hot Water Treatment and Following Storage
Temperature on Flesh SSC of Papaya Fruits (2003 and 2004

Seasons).
Storage period (days)
0 | 4 | B 72 _ 1 1% | 20 T r
Treatments First season

45°CHW 9.87a | 11.27b | 11.60a | 11.27a | 11.07a | 10.87a | 0.13
50°CHW 9.87a | 10.73bc | 10.73b | 11.07a | 11.03a | 11.00a | 0.67
Control 9.87a | 10.40c | 10.20b | 9.33b | 9.67b | 10.00b | 0.11
RT 9.87a | 12.00a

Second season

45°C HW 10.13a | 11.93a | 10.80ab | 11.47a | 11.30a | 11.03a | 0.08
50°C HW 10.13a | 10.53b | 11.73a | 11.33a | 11.37a | 11.40a | 0.55
Control 10.13a | 9.93b 10.07b | 9.33b | 9.87b | 10.40b | 0.01
RT 10.13a | 12.07a

Means within same columns having a common letter are not significantly different.
r* =Determination coefficient.

Data recorded in Table (4) declare that fruit malic acid content
showed the same findings of fruit SSC, where hot water treated fruits had
higher significant acidity compared with control fruits during storage period at
5°C. Acidity of all treatments increased with the progress of storage period at
5°C or RT,
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Table (4):. Effect of Hot Water Treatment and Following Storage
Temperature on Titratable Acidity (%) of Papaya Fruits (2003
and 2004 Seasons).

Storage period (days)

0 | & | ¢ [ | 18 [ 30 |7

Treatments First season

45°CHW 0.15a | 0.18a | 0.23a [ 0.18ab | 0.18a 0.18a | 0.04
S0°CHW 0.15a [ 0.17a | 0.19b | 0.19a | 0.18a 0.15b | 0.01
Control 0.15a | 0.14a | 0.15¢c | 0.16b | 0.16a 0.16b | 0.62
RT 0.15a | 0.16a

Second season

45°C HW 0.17a | 0.16b | 0.16b | 0.18a 0.16a 0.17a | 0.02
50°C HW 0.17a | 0.19a | 0.18a | 0.16ab 0.15a | 0.15ab | 0.62
Control 0.17a | 0.18ab | 0.15¢ 0.15b 0.15a 0.14b | 0.73*
RT 0.17a | 0.18ab

Means within same columns having a common letter are not significantly different.
=Determination coefficient.

Increasing in SSC and higher content of malic acid of hot water treated
fruits may be due to its effect on regulate respiration and perhaps other
metabolic processes during storage. The above results and the associated
discussion agree with the investigation of Lazan et al. ( 1989) on Backcross
Solo papaya.

Water content and weight loss:

Data in Table (5) showed that hot water treatment had insignificant
effect on papaya fruit water content. On the other hand, hot water treated
fruits had higher significant weight loss (Table 6) during the storage period at
5°C in the first season, but the differences were not significant on the second
season between 50°C hot water treated fruits and the control fruits.

Table (5): Effect of Hot Water Treatment and Following Storage
Temperature on Water Content (%) of Papaya Fruits (2003
and 2004 Seasons).

Storage period (days)

0]4]3]12]16{20]?

Treatments First season

45°CHW 88.53a | 87.07b | 87.87a | 88.80a 88.00a | 87.20a | 0.05
50°CHW 88.53a | 90.27a | 88.93a | 89.47a 89.07a | 88.53a | 0.06
Control 88.53a | 87.87b | 88.67a | 87.20a 88.00a | 88.40a | 0.03
RT 88.53a | 88.50ab

Second season

45°C HW 89.60a | 87.47a | 88.67a | 87.20a 87.73a | 88.40a | 0.16
50°C HW 89.60a | 88.40a | 89.47a | 90.00a 88.80a | 89.60a | 0.02
Control 89.60a | 88.13a | 86.80a | 88.80a 88.00a | 87.73a | 0.19
RT 89.60a | 88.40a

Means within same columns having a common letter are not significantly different.
=Determination coefficient.
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The above results agree with those obtained by Saucedo et al. (1995)
on Manila mangoes, Mc Guire (1997) on Ruby guavas and Tayel (2001) on
Florda Prince, Desert Red and Hermosa peaches.

Table (6): Effect of Hot Water Treatment and Following Storage
Temperature on Weight Loss (%) of Papaya Fruits (2003 and

2004 Seasons).
Storage period (days)
0 [ 4 | 8 | 12 [ 16 [ 20 [ ¢
| Treatmcnts First season

45°CHW 0.00a | 1.49bc | 2.31a | 3.58a | 4.85a | 5.77a | 0.99**
50°CHW 0.00a | 1.81b | 2.56a | 3.61a | 4.64a | 567a | 0.99*
Control 0.00a | 1.00c | 1.41b | 217b | 2.97b | 3.78b | 0.99**
RT 0.00a | 4.38a

Second season

45°C HW 0.00a | 1.28b | 2.14a | 3.46a | 465a | 5.86a | 0.99**
50°C HW 0.00a | 1.57b | 2.09a | 2.98a | 3.60b | 4.66b | 0.99**
Control 0.00a | 1.04b 1.51b | 2.35b | 3.27b | 4.18b | 0.98**
RT 0.00a | 5.34a

Means within same columns having a common letter are not significantly different.
r* =Determination coefficient.

Heat treatments caused stress condition on fruits resulted in more
water loss (Philips, 1982). The results also showed that the percentages of
weight loss significantly increased gradually with the progress of the storage
period and with the increasing of storage temperature.

Flesh carotene content:

Initial and final B-carotene concentrations (IU / 100g fresh weight) of
papaya flesh are tabulated in Table 7. There were insignificant changes in B-
carotene contents of papaya flesh during the storage period at 5°C but those
changes were significant in the fruits stored at RT where B-carotene
concentrations decreased by 45.48 and 58.54 % in the first and the second
season, respectively.

Table (7): Effect of Hot Water Treatment and Following Storage
Temperature on Flesh B-Carotene Content (IU / 100g fresh
weight) of Papaya Fruits (2003 and 2004 Seasons).

Initial | Final
Treatments First season
45°CHW 301.7 3429
50°CHW 301.7 311.4
Control 301.7 426.3
RT 301.7 164.5
Second season

45°C HW 398.9 343.0
50°C HW 398.9 259.3

| Control 398.9 516.5 !
| RT 398.9 165.4
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There was insignificant effect of hot water treatment on flesh total
carotene content of papaya fruits in both seasons (Table 8) and those results
were in agreement with those of Paull and Chen (1990) on papaya fruits.
Changes in flesh carotene content were temperature and time dependent.
The fruits stored at RT had higher significant content of flesh total carotene
than those stored at 5°C after 4 days of storage. Also, papaya flesh total
carotene content increased with the duration of storage period where the
determination coefficient were significant in the first season and for the 45°C
hot water treatment in the second season.

Table (8): Effect of Hot Water Treatment and Following Storage
Temperature on Flesh Total Carotene Content (mg / 100g
fresh weight) of Papaya Fruits (2003 and 2004 Seasons).

Storage period (days)
0T "} 4 | 8 192 | 18 [ 20 i
Treatments First season
45°CHW 1.15a 1.23b 1.22a | 1.29a 1.36a 1.33a | 0.86**
50°CHW 1.15a | 1.17b 1.21a | 1.27a 1.65a 1.67a | 0.79*
Control 1.15a 1.24b 1.32a | 1.40a 1.76a 1.53a {0.74*
RT 1.15a | 2.86a
Second season
45°C HW 1.20a | 1.21b 1.22a | 1.35a 1.51a 1.45a | 0.82*
50°C HW 1.20a 1.09b 1.23a | 1.27a | 1.39a 1.32a | 0.63
Control 1.20a 1.32b 1.22a | 1.23a 1.21a 1.36a | 0.15
RT 1.20a | 2.91a

Means within same columns havin

g a common letter are not significantly different.

=Determination coefficient.
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