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1. INTRODUCTION

Persimmon (Diospyros kaki, L.) is one of the most important species of genus
Diospyros and family Ebonaceae from the statistical standpoint. Persimmon acreage
is about 1465 feddans, out of which 1289 feddans are fruiting area produce about 8846
metric ton fruits with an average 6.86 ton fruits per feddan according to the latest
statistics of the Ministry of Agriculture, Egypt (2005)*.

In the last few years, the interest for persimmon cultivation has increased in the
Mediterranean area, both for the favourable trend of the market and for the ease of
adaptability to the Mediterranean climate. Moreover, the fruit compounds having
nutraceutical effects have increased the interest of consumers for this fruit. The main
nutraceutical compounds are carotenoids, tannins and fiber, active in the prevention of
chronic- degenerative diseases and they have antiradical and antibacterial activity.
Fruits are not left to ripe on the trees, thus fruit ripening is a major problem for
persimmon cultivation and distribution. The fruits are harvested at mature stage to be
artificially ripened for commercial production and marketing. Ethephon was reported to
bring the fruits to ripening stage through hastening fruit colouration, reducing fruit
firmness through the conversion of protopectin to soluble pectin (Kamal and Rabeh,
1989), disappearance of astringency (tannin content) through accelerating the
coagulation of tannins to insoluble tannins (Miyabayashi, 1971), increasing fruit total
sugar content due to the hydrolysis of starch and the accumulation of sugars
(Srinivasan et al., 1974) who mentioned that ethephon treatments caused higher
glucose and fructose content (the constituent of non astringent persimmon fruits).
Moreover, calcium carbide is known as the precursor of acetylene and ethylene
ripening gases.

Thereupon, the First Experiment of this study was initiated to throw some light
on the efficiency of ethephon treatments at 500 or 1000 ppm and calcium carbide at
2.5 or 5g/hox fruit on inducing an early and uniform ripening and marketability of
Costata persimmon fruits.

No doubt that the process of fruit handling and storage for local market and
export is as important as horizontal and vertical extension of agriculture production.
The extension of marketing period using cold storage enriched with post harvest
treatments i.e. calcium chloride, active yeast suspension and sodium hypochlorite.
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The storage life of most fruits is lengthened, if they are cooled quickly after
harvest. Temperature has a direct effect on the respiration rates of fruits and on the
activity of decay caused by organisms. The respiration rate is an index of the rate at
which the fruit is using up its stored reserves of sugars and other metabolites and
consequently an index of the loss in shelf life. The chemical reactions associated with
respiration result in the production of heat. The amount of generated heat varies with
the commodity and with its temperature. In general, the respiration rate increases two
to four times for each 10°C increase in temperature. Thus, more heat is produced at
high temperatures and less at low temperatures at which the product is stored.
Microbial organisms also are more active at high than at low temperature. Therefore,
cold storage is required to reduce this generation of heat and fruit decay (EI-Seidy,
1994).

Furthermore, calcium appears to have an important regulating role in the
metabolism of persimmon fruits. Metabolic disorders are severity reduced if calcium is
present in sufficiently high quantities in fruit. Several of metabolic disorders are
associated with the high rate of respiration or over maturity of the fruit. This suggests
that calcium may regulate respiration and perhaps other metabolic process in the
mature fruit (Miklos Faust and Shear, 1972).

In addition, yeast and sodium hypochlorite were reported as efficient substances
in enhancing fruit storability through their biological control mechanism (Sugar et al.,
1994).

Consequently, the main target of the Second Experiment of this study is
prolonging marketing period with the maintenance of eating traits of Costata
persimmon fruits through cold storage at 5°C or 0°C (in comparison with ambient room
storage) enriched with some post harvest treatments namely calcium chloride at 2 &
4%, active yeast suspension at 1 & 2 % and sodium hypochlorite at 2% (in comparison
with tap water “control”)

The mango (Mangifera indica L.) is considered one of the choicest fruits of the
world, because of its attractive colour, delicious taste and excellent nutritional value. In
Egypt, mango cultivated area is about 139433 feddan, out of the total fruit cultivated
area which amounted 1.250003 feddans. Mango fruiting area is 99427 feddans
produces about 416951 metric ton fruits with an average 4.19 ton fruits per feddan
according to the latest statistics of Ministry of Agriculture, Egypt (2005). Moreover, the
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world fruit trade has been extended, but mango sales are restricted by improper
handling and storage (Mitra, 1997). Besides, as a result of increasing the demand on
mango fruits and the relatively shorter marketing period, there is a desperate need for
studying how the marketing period could be extended and how to reduce the loss of
fruits and supply mango fruits frequently and over a long period of time. Consequently,
several attempts were conducted to prolong the marketing season of mango fruits.
Among these attempts - besides cold storage - are the use of some pre-harvest
treatments i.e. gibberellin, calcium chloride and yeast.

Gibberellin as a pre-harvest treatment was reported as an efficient growth
substance in enhancing fruit storability and marketability through its action on cell
juvenility and retardation of senescence, fruit colouration and softness (Macleod and
Millar, 1962).

On the other hand, during the last decade an increased attention has been
devoted to the effect of nutritional status of fruits on quality maintenance and it has
become focused on the important relationship between fruit calcium level and quality
retention. Calcium occupies a central position in fruit nutrition and the known effects of
nitrogen, potassium, magnesium, phosphorus and boron on fruit quality occur largely
through their interaction with calcium in fruit cells. A simplified scheme summarizing the
role of calcium in maintaining the cell wall structure and membrane integrity. Calcium
treatments help to retain fruit firmness, increase vitamin C content, reduce carbon
dioxide and ethylene evolution and reduce storage breakdown and rot (Hulme, 1970).
Also, it is suggested that calcium may regulate respiration and perhaps other
metabolic process in mature fruits. Besides, it is evident that calcium is indeed involved
in regulating the respiration of fruits (Miklos Faust and Shear, 1972).

Moreover, yeast is reported to prolong the storage life of fruits through its
mechanism as biological control (Sugar et al., 1994).

Thereupon, the Third Experiment of this study was performed as a trial to
prolong the marketing period of Zebda mango fruits through cold storage at 15°C or
10°C (in comparison with ambient room storage) supported with preharvest spray
treatments namely gibberellin (GAs) at 25, 50 and 75 ppm, calcium chloride at 1 & 2%
and active yeast suspension at 1 & 2% (in comparison with tap water “control”).
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2-REVIEW OF LITERATURE

The present study aims to evaluate some prospective trials of improving
some fruit quality traits and simultaneously prolonging storage life of two fruit
species namely persimmon fruits (Diospyros kaki, L.) and mango fruits
(Mangifera indica, L.). In other words, this investigation handled enhancing fruit
ripening of persimmon fruits through getting rid of astringency taste and improving
some fruit quality parameters (i.e. colour, firmness, sugars content, ...etc.) besides,
prolonging storage life of persimmon fruits through some post harvest treatments.
Furthermore, this study included a trial to increase the storage ability of mango
fruits using some pre-harvest treatments. Thereupon, the review of literature of the
present investigation have been handled under two main parts as follows:

Part 1| 2.1. Improving marketing characteristics and prolonging
storage life of fruits.
The review of literature of this part have been subdivided into two parts as
follows:
2.1.1. Effect of some chemical treatments on enhancing fruit ripening
and fruit quality.
2.1.1.1. Effect of ethephon (CEPA)

(a) Fruit ripening. (b) Weight loss.
(c) Fruit decay. (d) Fruit quality.
2.1.1.2. Effect of calcium carbide (CaCy)
(@) Fruit ripening. (b) Weight loss.
(c) Fruit decay. (d) Fruit quality.
2.1.2. Effect of some post harvest treatments on prolonging storage life
of fruits.
2.1.2.1. Effect of calcium chloride (CaCly)
(a) Weightloss. (b)  Fruit decay.
(c) Shelf life. (d) Fruit quality.

2.1.2.2. Effect of active yeast
2.1.2.3. Effect of sodium hypochlorite (NaOCI)

(a) Weightloss. (b)  Fruit decay.
(c) Shelf life. (d) Fruit quality.
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Part Il 2.2. Effect of some pre-harvest treatments on fruit

storability.
2.2.1. Effect of gibberellic acid (GA)
(a) Weight loss. (b) Fruit decay.
(c) Shelflife. (d) Fruit quality.
2.2.2. Effect of calcium chloride (CaCly)
(a) Weight loss. (b) Fruit decay.
(c) Shelflife. (d) Fruit quality.

2.2.3. Effect of active yeast

Part | 2.1. Improving marketing characteristics and prolonging
storage life of fruits.
2.1.1. Effect of some chemical treatments on enhancing fruit ripening
and fruit quality.
2.1.1.1. Effect of ethephon (CEPA)

2.1.1.1.a. Fruit ripening

As for persimmon fruits, Wakamatsu et al. (1973), Srinivasan et al. (1974),

Forlani (1976), Kato (1987), Kamal and Rabeh (1989) and Park et al. (1998)
studied the efficacy of ethrel (ethephon) treatment as a pre-harvest treatment
either as a pre-harvest treatment at 15-50 ppm or as dipping in ethephon solution
(250-5000 ppm) with different dipping times (5-60 minutes) on the time required for
persimmon fruits cvs. Hiratanenashi, Costata . . . etc. to reach ripening stage. They
concluded that ethephon-treated fruits needed 1-8 days to reach ripening
according to ethephon concentration and time of dipping, whereas untreated fruits
“control” failed to reach ripening stage one month after storage at room
temperature and deteriorated before ripening.

Concerning other fruit species, Bal et al. (1992), Hartmann (1992),
Sergent et al. (1993), Pal (1998-a&b), Joon et al. (2001), Lakshmana et al.
(2001), Zora et al. (2001), Undurraga and Olaeta (2003) and Kulkarni et al.
(2004) made trials to induce uniformity in fruit ripening within shorter time in green
and greenish-yellow pawpaw fruits, cherry fruits cv. Bigarreau Napoleon, mango
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fruits cvs. Keitt, Dashehari, Rataul, Dashehari and Kensington, loquat fruits cv.
Golden Nugget and mango fruits cv. Neelum, respectively through immersing the
fruits in ethephon solutions (250-2000 ppm) for 1-30 minutes according to
ethephon concentration. They abstracted that ethephon treatments induced the
best ripening attributes and sensory quality in shorter time as compared with the
control.

2.1.1.1.b. Weight loss

Regarding persimmon fruits, Kamal and Rabeh (1989) soaked persimmon
fruits cv. Costata in ethephon solutions (500, 1000 and 2000 ppm). They found that
ethephon treatments exhibited greater loss in moisture content than those soaked

in water (control). The higher the ethephon concentration, the greater was the
moisture loss.

With respect to other fruit species, Pal (1998-b) demonstrated that treating

mango fruits cv. Rataul with ethrel (ethephon) at 500, 1000 or 1500 ppm. Ethrel
treatments slightly promoted physiological weight loss. Besides, Gala et al. (2001)
studied the effect of ethrel concentration (250, 500, 1000 and 1250 ppm) on
physical and chemical properties of banana varieties Hindi, Maghrabi and Williams.
They realized that weight loss percentage was increased with increasing ethrel
concentration.

2.1.1.1.c. Fruit decay

Referring to persimmon fruits, Abd El-Wahab et al. (1983) immersed

Costata persimmon fruits for 30 minutes in ethephon solutions at 100, 500, 1000 or
1500 ppm. The fruits were then air dried and stored at room temperature. The non
treated fruits (control) shriveled, whereas the ethephon treated ones showed less
decay. Moreover, Kamal and Rabeh (1989) dipped Costata persimmon fruits for
five minutes in ethephon solutions at 500, 1000 or 2000 ppm and the fruits were
then stored at room temperature for one week. They showed that in all ethephon
treatments, there was a continuous deterioration in fruit quality and a graduate
increase in decay percentage with extending storage period. The best results were
obtained with 500 ppm ethephon treatment.
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2.1.1.1.d. Fruit quality

Referring to firmness of persimmon fruits cvs. Costata, Fuyugaki,
Hiratanenashi, Cheongdobansi, Tonewase ....etc, Edgerton and Blanpied (1968),
Wakamatsu et al. (1973), Rouhani et al. (1975), Abd El-Wahab et al. (1983),
Kato (1987), Zhang (1988), Kamal and Rabeh (1989), Kato (1990), Itamura et
al. (1991), Lee and Kim (1991), Lim et al. (1993), Park et al. (1998), Shiesh et al.
(2000) and Imagawa et al. (2003) dipped persimmon fruits in ethephon solutions
at 100-2000 ppm for 1 up to 30 minutes according to ethephon concentration. They
found that the higher the ethephon concentration used, the greater was the
efficacy on accelerating fruit softness and senescence. On the contrary, check
treatment maintained high fruit firmness for a long time, and was effective in
prolonging the period of fruit storage. Besides, the non-treated fruits “control”
shriveled whereas the ethephon-treated ones showed less firmness. They added
that ethephon treatment produced an increase in ethylene and carbon dioxide
evolution even though the fruits were still firm.

With respect to fruit firmness of other fruit species, Mann et al. (1990),
Sergent et al. (1993), Pal (1998-a), Zora et al. (2001), Suresh and Zora (2003)
and Kulkarni et al. (2004) treated pear fruits and mango fruits cvs Keitt,
Dashehari, Kensington and Neelum, respectively with ethrel at 50-4000 ppm for 1-
5 minutes. Data showed that fruit firmness was decreased in a shorter period with
all ethephon treatments compared with untreated fruits “control”.

As for colour development of persimmon fruits cvs. Aizumishirazu,

Hiratanenashi, Fuyugaki, Costata ... etc., Awad and Suzukawa (1975), Abd EI-
Wahab et al. (1983), Kato (1984), Zhang (1988), Kamal and Rabeh (1989) and
Lee and Kim (1991) studied the correlation between ethephon concentration and
time required for degreening of persimmon fruits. The fruits were treated with
ethylene evoluted from different sources i.e. ethephon, ethanol ...etc. at 100-2000
ppm. They found that total chlorophyll was decreased rapidly after ethylene
treatment, then gradually leveled off, but the greatest reduction in total chlorophyll
was achieved by ethephon treatment. Carotenoid levels were increased with
ethylene treatment. They added that the fruits lost their green colour within 3-5
days due to ethephon treatment at 500 and 1000 ppm for two minutes, meanwhile
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the lower ethephon concentration (250 ppm) required 10-12 days to induce similar
effect in this respect. In other words, the higher the ethephon concentration, the
more was the brightness of fruit colour.

Regarding fruit colouration of other fruit species, Bal et al. (1992), Zora et

al. (2001) and Kulkarni et al. (2004) worked on papaya fruits and mango fruits
cvs. Kensington and Neelum, respectively. They treated the fruits with ethephon
solutions (250-2000 ppm) for different times (2-30 minutes) according to ethephon
concentration. They cleared that fruit colour index was significantly enhanced with
ethephon treatment and the total carotenoids showed increasing trend up to eight
days during ripening.

With respect to astringency of persimmon fruits cvs. Aizumishirau,

Hiratanenashi, Costata, Cheongdobansi, Saijo . . . etc, Hulme (1971), Awad and
Amenomori (1972), Srinivasan et al. (1973), Kato (1984), Kato (1987), Kamal
and Rabeh (1989), Kato (1990), Itamura et al. (1991), Taira et al. (1991), Lim et
al. (1993), Park et al. (1998) and Tamura et al. (1999) studied the effect of
ethylene treatment from different sources i.e. ethephon, ethanol, ethylene
generating kits at different concentrations (100-5000 ppm) for different periods on
the relationship between the decrease in tannin concentration and loss in
astringency of persimmon fruits. Data illustrated that there was a relatively high
correlation between the degree of astringency and tannin concentration when fruit
tissue was homogenized and extracted with 70% ethanol and then heated fruits
containing about 2% tannin were slightly astringent and those containing < 0.1%
were almost non-astringent. The higher the ethanol concentration, the shorter was
not only, the time required to induce reduction in tannin concentration, but also the
rate of reduction. They added that the disappearance of fruit astringency (tannin
content) was remarkable with higher ethephon concentration (1000 and 2000
ppm). In such fruits, the tannins in cells are coagulated to insoluble tannins. The
higher ethephon concentrations greatly accelerated tannin coagulation process and
the disappearance of astringency of persimmon fruits.

Referring to fruit total soluble solids of persimmon fruits, Rouhani et al.

(1975), Abd El-Wahab et al. (1983), Kamal and Rabeh (1989) and Shiesh et al.
(2000) dipped persimmon fruits cvs. Costata and Syh Jou in ethephon solutions at
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100-200 ppm for different periods according to ethephon concentrations. The
results showed a progressive and constant increase in total soluble solids
throughout the storage period of all tested ethephon treatments and control. The
rate of increase being rapid in ethephon-treated fruits and at the end of storage
period. These fruits exhibited higher percentages than untreated ones “control”.
Highly significant differences were observed between the tested treatments in this
respect. They added that the high ethephon concentrations, despite their
pronouncing effect on increasing soluble content resulted in the lowest T.S.S.
values in fruit juice. This may be due to the great tendency of ethephon to convert
the soluble tannins into insoluble form, the matter which directly affects the T.S.S.
values.

Concerning fruit total soluble solids of other fruit species, Mann et al.

(1990), Bal et al. (1992), Sergent et al. (1993), Gala et al. (2001), Zora et al.
(2001), Suresh and Zora (2003) and Kulkarni et al. (2004) treated the fruits of
pear, pawpaw, mango cv. Keitt, banana cvs. Hindi, Maghrabi and Williams, mango
fruits cvs. Kensington and Neelum, respectively with ethephon at 50 up to 4000
ppm for 1-30 minutes according to ethephon concentration. They realized that total
soluble solids showed a constant and progressive increase until nine days, then
decreased gradually during ripening period.

Regarding acidity content of persimmon fruits, Unrath (1972), Shaybany
and Sharifi (1973),Shanmugavelu et al. (1976) and Kamal and Rabeh (1989)
mentioned that a gradual decrease was noticed in titratable acidity of persimmon
fruits due to ethephon treatments (250-2000 ppm) and untreated fruits through the
whole storage period. The decrease in fruit acidity was in proportional with
ethephon concentration.

As for fruit acidity of other fruit species, Mann et al. (1990), Gala et al.
(2001), Joon et al. (2001),Zora et al. (2001), Suresh and Zora (2003) and
Kulkarni et al. (2004) immersed fruits of pear, banana cv. Hindi, Maghrabi and
Williams, mango cv. Kensington and Neelum, respectively in ethephon solutions
(50-2000 ppm). They observed that ethephon treatments succeeded in decreasing
fruit acidity compared with the control.

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Concerning fruit sugars content of persimmon fruits, Srinivasan et al.
(1974), Abd El-Wahab et al. (1983), Kamal and Rabeh (1989), Lee and Kim
(1991) and Park et al. (1998) immersed persimmon fruits in ethephon solution
(100-2000 ppm) for different periods. Data cleared that a progressive and
consistant increase in total sugars throughout the storage period of all treatments
and control. The rate of increase being rapid in ethephon treated fruits and at the
end of storage period. These fruits exhibited higher percentages than control and
highly significant differences were gained due to the tested treatments. They added
that the most striking chemical changes which occur during post harvest ripening
of persimmon fruits seem to be due to the hydrolysis of starch and the
accumulation of sugars.

Regarding fruit sugars content of other fruit species, Bal et al. (1992), Gala
et al. (2001), Zora et al. (2001), Suresh and Zora (2003) and Kulkarni et al.
(2004) treated fruits of papaya cvs. CO; and CO», banana varieties Hindi,
Maghrabi and Williams and mango cvs. Kensington and Neelum with ethephon
solutions at 250-2000 ppm for 5-30 minutes. They reported that all ethephon
treatments improved fruit content of reducing, non reducing and total sugars
compared with untreated fruits “control”.

2.1.1.2. Effect of calcium carbide (CaC)
2.1.1.2.a. Fruit ripening

In this respect, Nagaraj et al. (1984), Mann (1985), Chacon et al. (1988),
Taugir et al. (1989), Ashwani et al. (1995), Padmini and Prabha (1997), Guha
and Bhuiyan (1997), Pal (1998b), Amarakoon et al. (1999) and Joon et al.
(2001) treated mango fruits cv. Alphonso, mango fruits cv. Dashehari, banana
fruits, mango fruits cvs. Desi and Dusehi, mango fruits cv. Dashehari, mango fruits
cv. Alphonso, mango fruits cv. Aswina, mango fruits cv. Rataul, mango fruits cvs.
Velleicolomban and Willard and mango fruits cv. Dashehari, respectively with
calcium carbide at 2 or 4 g CaCqlkg fruits. They found that CaC, treatments
induced an early and uniform ripening of the treated fruits
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2.1.1.2.b. Fruit weight loss

In this field, Valverde et al. (1986), Tauqir et al. (1989), Ashwani et al.
(1995) and Joon et al. (2001) treated mango fruits cvs. Keitt, Desi and Dusehi,
Dashehari and Dashehari, respectively with CaC, at 2 or 4 g/kg fruits. They
realized that calcium carbide treatments resulted in higher weight loss percentage
during the ripening period.
2.1.1.2.c. Fruit decay

In this concern Ashwani et al. (1995), Pal (1998-b) and Joon et al. (2001)

studied the efficacy of CaC, treatment on fruit decay percentage of mango cvs.
Dashehari, Rataul and Dashehari, respectively. They showed that decay loss was
minimum in the control and maximum in CaC. (4 g/kg)-treated fruits.

2.1.1.2.d. Fruit quality

Concerning fruit firmness, Randhawa et al. (1984) and Ashwani et al.

(1995) treated pear fruits cv. Nakai and mango fruits cv. Dashehari, respectively
with calcium carbide at 1-4 g/kg fruits. They concluded that fruit firmness was
decreased with CaC, treatments and prolonging storage period.

As for fruit colour, Nagaraj et al. (1984), Tauqjir et al. (1989), Ashwani et

al. (1995) and Padmini and Prabha (1997) evaluated the efficacy of calcium
carbide treatment at 2 or 4g/kg fruits on colour development of mango fruits cvs.
Alphonso, Desi and Dusehi, Dashehari and Alphonso, respectively. Data recorded
at four days intervals indicated that carotenoids concentration was increased with
increasing storage duration. Fruits treated with calcium carbide had higher
concentrations of carotenoids than the other tested treatments by the fourth day of
storage. Such fruits maintained in a good colour even up to the eighth day of
storage.

Referring to fruit total soluble solids, Nagaraj et al. (1984), Ashwani et al.
(1995), Guha and Bhuiyan (1997) and Joon et al. (2001) studied the response of
mango fruits cvs. Alphonso, Dashehari, Ashwina and Dashehari, respectively to

CaC, treatment at 2 or 4 g/kg fruits. They found that the highest content of total
soluble solids was achieved by CaC treatment as compared with control.
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Regarding fruit acidity, Nagaraj et al. (1984), Ashwani et al. (1995) and
Joon et al. (2001) studied the response of total acidity of mango fruits cvs.
Alphonso and Dashehari to calcium carbide treatment at 2 or 4g/kg fruits. They
realized that total acidity was decreased with CaC, treatments and increasing
storage duration.
2.1.2. Effect of some post-harvest treatments on prolonging storage

life of fruits.

2.1.2.1. Effect of calcium chloride (CaCly)
2.1.2.1.a. Fruit weight loss

As for persimmon fruits, Ali (2005) stated that dipping persimmon fruits cv.

Costata in 4% CaCl, for three minutes succeeded in decreasing fruit weight loss
during storage at 0°C or under room temperature (20°C).

With respect to other fruit species, Mootoo (1991) and Salem and El-

Khoreiby (1991) immersed mango fruits cv. Julie and seedless grapefruit cv. Marsh,
respectively in 1-8% CaCl, solutions. They found that CaCl, treatments caused further
reduction in weight loss. Moreover, Mir et al. (1993) and Akl et al. (1995) studied the
effect of CaCl, concentration on fruit storability of Red Delicious apple and “Le Conte”
pear fruits, respectively. Fruits were dipped in calcium chloride solutions at 1-4%. They
reported that Ca-treatments reduced the rate of weight loss during storage. This effect
was more pronounced with increasing CaCl, concentration. Furthermore, Bhartiya et
al. (1998), Mehaisen (1999), El-Zaabalawy (2001), Choudhury et al. (2003),
Tajinder et al. (2003) and Shaaban (2006) evaluated the efficacy of calcium solutions
as a post-harvest treatment in the form of calcium chloride on storage behaviour of
apple fruits cv. Red Delicious, pear fruits cv. “Le Conte”, date fruits cvs. Zaghloul,
Hayani and Samani, Sapota fruits cv. Pala, pear fruits cv. Patharnakh and guava fruits
cv. Maamoura, respectively. They revealed that CaCl, treatments reduced
physiological weight loss.

2.1.2.1.b. Fruit decay

In this concern, Conway et al. (1993) studied the role of calcium in
decreasing the decay percentage of apple fruits. They demonstrated that both total
and cell wall bound calcium of apple fruit tissue when the fruits were treated with
calcium chloride solutions at varying amounts as pressure infiltration at harvest.
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They added that the effect of calcium in reducing decay is associated with
maintaining cell wall structure by delaying or modifying chemical changes in cell
wall composition. Besides, Sams et al. (1993), Montasser et al. (1993), Akl et al.
(1995) and Daood (1995) dipped apple fruits cv. Golden Delicious, apple fruits cv.
Anna, pear fruits cv. “Le Conte” and date fruits cv. Zaghloul, respectively in CaCl,
solutions at 1-4%. Results showed that Ca-treatments were effective in reducing
fruit decay percentage. Furthermore, Saftner et al. (1998) carried out an
investigation on the effect of post-harvest pressure infiltration of CaClz solutions of
Golden Delicious apples on peel injury, quality attributes, respiration and internal
atmospheres after storage for 2-6 months. They realized that CaCl, treatments
(0.14-0.34 mollliter) reduced internal and involved ethylene and softening of fruits
and caused distinctive injury to the fruit surface. In addition, CaCl, treatments
reduced respiration and ethylene production rates. Moreover, Mehaisen (1999),
Dhaka et al. (2001), El-Zaabalawy (2001), Choudhury et al. (2003), Gautam et
al. (2003), Tajinder et al. (2003) and Shaaban (2006) studied the effect of dipping
pear fruits cv. “Le Conte”, mango fruits cv. Totapuri, date fruits cvs. Zaghloul,
Hayani and Samani, Sapota fruits cv. Pala, mango fruits cv. Banggapalli, pear fruits
cv. Patharnakh and guava fruits cv. Maamoura, respectively in CaCl, solutions as a
post-harvest treatment at 0.5-4.0% for 2-5 minutes on fruit storability. They found
that calcium chloride treatments achieved a remarkable reduction in fruit decay
percentage, fruit rotting and spoilage.

2.1.2.1.c. Fruit shelf life

In this field, Akl et al. (1995) dipped “Le Conte” pear fruits in different

calcium salts solutions (chloride, nitrate, hydroxide and sulphate) at 0, 1, 2 and 3%
and the fruits were kept under cold storage. Results showed that increasing
calcium salt concentration caused a gradual prolongation in fruit-shelf life. The best
results with regard to prolonging shelf life was achieved by dipping the fruits for five
minutes in 2% calcium chloride solution and stored at 0°C. Moreover,
Suntharalingams (1996), Abdul et al. (1997), Freire-Junior and Chitarra (1999),
Mehaisen (1999), Jagadeesh et al. (2001), Choudhury et al. (2003) and
Shaaban (2006) investigated the effect of post-harvest treatments of CaCl, up to
8% on fruit shelf life of mango fruits cv. Willard, Fazli and Ashwina, pear fruits cv.
“Le Conte”, guava fruits cv. Sardar, Sapota cv. Pala and guava fruits cv.
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Maamoura, respectively. They concluded that calcium treatments succeeded in
prolonging fruit shelf life.
2.1.2.1.d. Fruit quality

Regarding persimmon fruits, Ali (2005) dipped Costata persimmon fruits for

three minutes in 4% CaCl, solution then the fruits stored at cold storage (0°C) or
under room temperature (20°C). The results showed that CaCl, treatment was
superior in maintaining fruit firmness and fruit total soluble solids (T.S.S.)
percentage, increasing total sugars and decreasing fruit tannins content during
storage either at cold storage (0°C) or room temperature (20°C).

Concerning other fruit species, using calcium chloride as a post-harvest

treatment through dipping the fruits in CaCl, solutions (1-12%) for 1-120 minutes
according to CaCl, concentration showed to be effective in reducing the rate of loss
of Red Delicious apple fruits firmness during storage. This effect was increased as
the CaCl concentration increased (Mir et al., 1993). Calcium chloride treatment
proved to be effective in improving colour and quality of Dashehari mango fruits
(Mahajan and Sharma, 1995), enhancing fruit firmness of apricot fruits (Souty et
al., 1995), increasing fruit Ca content and fruit firmness compared with untreated
control (Ait-Oubahou et al., 1995). Furthermore, CaCl, appeared a positive
correlation between Red Delicious apple fruits firmness and CaCl, concentration
(Pirmoradian and Babalar, 1995). Besides, CaCl, was effective in retarding
colour development and textural softening of mango fruits cv. Willard
(Suntharalingams, 1996), increasing fruit total soluble solids (T.S.S.) content and
decreasing fruit acidity and ascorbic acid content of mango fruits cvs. Fazli and
Ashwina (Abdul et al., 1997), increasing total soluble solids and Ca content of two
grape cultivars namely Keshmeshy Bidaneh and Shahroudy (Babalar et al., 1999),
delaying colouration, improving fruit firmness, T.S.S., sugar content and acidity and
increasing peel and flesh calcium content of Bartlett pear fruits (Farooq et al.,
1999). Moreover, a positive correlation was noticed between calcium chloride
concentration on one hand and fruit calcium content, flesh fruit firmness, pectin and
acidity levels of different pear varieties and a negative correlation was observed
between calcium chloride concentration and brix and reducing sugar of fruits on the
other one (Nickhah et al., 1999). Besides, calcium chloride was effective in
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maintaining fruit firmness of plum fruits (Xu et al., 2000), enhancing fruit quality
but, failed to affect fruit total soluble solids, total sugars, titrable acidity and tannins
content of Zaghloul, Hayani and Samani date fruits (El-Zaabalawy, 2001),
decreasing augmented biochemical attributes such as total soluble solids, acidity
and sugar contents of sapota fruits cv. Pala (Choudhury et al., 2003), maintaining
the highest fruit firmness and fruit quality of pear fruits cv. Patharnakh (Tajinder et
al., 2003) and increasing total acidity and ascorbic acid content of guava fruits cv.
Maamoura (Shaaban, 2006).

2.1.2.2. Effect of yeast suspension

Stretch (1989) investigated the effect of bacteria, yeasts and fungi isolated
from leaf, stem and fruit tissue of blueberry and cranberry on the control of fruit
rots caused by A. alternata, A. tenuissima, Apostrasseria lunata and Strasseria
oxycocci. Fruits were dipped in a suspension of a given isolate, allowed to incubate
for at least 2 h, then inoculated with the target pathogen at the stem scar on
blueberry or at an artificial wound on cranberry. Data showed that excellent control
of Alternaria rot was achieved with a Pseudomonas cepacia isolate and with
several unidentified isolates from blueberry.

Cheah et al. (1994) mentioned that out of more than 120 yeast isolates
screened for control of Botrytis cinerea on kiwi fruits, Kluyveromyces marxianus
and K. fragilis were most effective for reducing storage rot incidence from 30 to
6%.

Kampp and Sass (1994) stated that the bacterium “Erwinia sp.”
provided completely protection against B. cinerea on apples while yeast
“Rhodotorula” was effective against P. expansum at low temperature and
also reduced rotting at higher temperature. The efficiency of the two
antagonists was lower when they were tested against the pathogens on
pear fruits. They added that although Erwinia sp. produced antibiotic
metabolites in vitro, it was not possible to demonstrate the role of these
metabolites in biocontrol on the fruit.

Sugar et al., (1994) mentioned that the least decay of Bosc pear fruits was
obtained by using a cell suspension of the yeast Cryptococcus laurentii.

Lima et al.,, (1998) reported that more than 200 yeasts were selectivity
isolated from microbial populations on the surface of different fruits. Fifty of these
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isolates were tested against blue mould (Penicillium expansum) of wounded
apples. Isolates LS-11 of Rhodotorula glutinis and LS-28 of Cryptococcus Laurentii
were the most effective antagonists. They were further evaluated at 20°C on
different fruits (apples, pears, strawberries, kiwi fruits and table grapes) against
several of the main post- harvest pathogens (Botrytis cinerea, Penicillium
expansum, Rhizopus stolonifer and Aspergillus niger) and at 4°C on apples
inoculated with P. expansum. At 20°C, the antagonists significantly reduced rot
incidence and showed a wide range of activity on different host pathogens
combinations. Isolate LS-28 exhibited a higher and more stable activity than LS-11.
Both yeasts were also effective against P. expansum in cold storage conditions.
Populations of the two yeasts were assessed on wounded surfaces of apples kept
at both 20 and 4°C at either temperature, isolate LS-28 reached greater densities
in wounded tissues than LS-11, but had a lower ability to colonize unwounded
apple skin.

El-Neshawy and Michalczuk (1999) studied the effect of a pre-storage dip
yeast suspension on control of natural infections of apricot cv. Amaar. They
postulated that yeast treatment succeeded in protecting the fruits from decay.

Mehaisen (1999) realized that dipping “Le Conte” pear fruits in yeast
suspension at 2% succeeded in decreasing the decay percentage and induced a
remarkable effect on reducing weight loss and fruit firmness. Besides, yeast
treatment slightly improved. Moreover, treatment exerted an enhancing effect on
reducing sugar, fruit total sugar and increased fruit acidity, but failed to effect fruit
total soluble solids percentage.

Sharma and Bhardwaj (2000) compared between nine different plant
extracts and three yeast antagonists for their efficacy as post-harvest dip treatment
against the development of scab (Venturia inaequalis) lesions and rots on apple
fruits during storage for 60 days at ambient conditions. Studies revealed that water
extract of Emblica officinalis leaves (15%) was highly effective against storage
scab and provided complete control up to 60 days of storage. However, water
extracts of Artemisia vulgaris, Melia dubia leaves and Phyllanthus officinalis seeds
at 15% were not effective against storage scab, but effectively controlled fruit
rotting with a decay reduction index (DRI) of 85.7, 80.9 and 70.8%, respectively,
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after 60 days of storage. A yeast antagonist, Rhodosporidium toruloides (1.0 x 105
cells/ml) was also effective in controlling storage fruit rot and gave a DRI of 74.1%.

Usall et al. (2000) investigated the biocontrol potential of the yeast Candida
sake against Penicillium expansum decay of apples under several controlled
atmosphere conditions. In a laboratory trial under different commercial cold storage
conditions, increasing concentrations of C. sake improved decay control. A
maximum reduction of decay was achieved at 3% 0»-3% CO; atmosphere. It
amounted to a 97% lesion reduction after treatment with a suspension containing
2.4 x 108 CFU/ml of C. sake. In a semi-commercial trial at 1°C with wounded fruits,
the reduction in decay diameter caused by C. sake exceeded 80% after 60 days at
21% O, and 60% after 120 days of storage under controlled atmosphere
conditions. For seven controlled atmosphere conditions studied, a significant
influence by C. sake on the P. expansum decay was observed, and the lesion size
was reduced more than 70% by C. sake at 107 CFU/ml. This proved the capacity of
C. sake to colonize the surface of apples under various storage conditions. The
ability to colonize was even higher in apple wounds.

Dwivedi et al. (2001) postulated that in vivo an experiment was conducted
for biocontrol of soft rot of guava by S. cerevisiae. Different concentrations of yeast
fungus (S. cerevisiae) showed varied level of antagonistic activity against soft-rot
(R. stolonifer) of guava fruit. In vivo condition, different concentrations 2000 ppm,
1000 ppm, 500ppm and 250 ppm of yeast fungus showed to be effective in
inhibiting the infection of soft-rot causing fungus (R. stolonifer) on the treated guava
fruit. Poor infection was observed at 125 ppm concentration. No significant
differences were observed in the nutritive value of guava (vitamin C, Acidity) and
other parameters i.e. pH, shape and size.

Nunes et al. (2001) demonstrated that the yeast Pantoea agglomerans was
very effective against Botrytis cinerea, Penicillium expansum and Rhizopus
stolonifer on pear fruits. The three tested concentrations of the yeast (2x107, 8x107
and 1x108 CFU mlt) gave complete control on wounded pears inoculated with 103,
104 and 10° conidia ml-1 of P. expansum and R. stolonifer. At 8x107 CFU ml1 of
the yeast reduced B. cinerea decay by more than 80% at the three concentrations
of the pathogen. Over three years of experiments in semicommercial trials, the
yeast provided excellent control against B. cinerea and P. expansum under cold
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storage, either in air or in low oxygen atmospheres. Equal control was obtained
with the yeast at 8 x 107 CFU ml, as with the fungicide imazalil at commercial
doses, against both pathogens. The yeast grew well inside wounds on pears at
both room and cold temperatures and under modified atmospheres. On contrast, it
grew poorly on the surface of intact fruit.

2.1.2.3. Effect of sodium hypochlorite (NaOClI)
2.1.2.3.a. Fruit weight loss

In this respect, Nnodu and Nwankiti (1986) investigated the efficacy of

sodium hypochlorite as a post-harvest treatment at 10% on storage behaviour of
yam tubers. They concluded that sodium hypochlorite treatment was very effective
in decreasing weight loss. Moreover, Mehaisen (1999) mentioned that dipping “Le
Conte” pear fruits in sodium hypochlorite solution (NaOCI) at 1.5% succeeded in
decreasing the weight loss percentage compared with the control.

2.1.2.3.b. Fruit decay

In this field, Nguyen and Souty (1985) studied the effect of sodium

hypochlorite solution on reducing decay percentage of peach fruits cvs. Klamt (a
cling stone) and Fayette (a free stone). They concluded that using sodium
hypochlorite treatment is being very effective for controlling Rhizopus stolonifer
which caused rot of peach fruits. Moreover, Roberts and Reymond (1989) and
Mehaisen (1999) evaluated the efficacy of NaOCI at 0.025 — 1.5 % as a post-
harvest treatment on fruit storability of red Delicious apple and “Le Conte” pear
fruits, respectively. They abstracted that using sodium hypochlorite induced a
negative effect on fruit decay percentage as compared with the control.

2.1.2.3.c. Fruit shelf life

In this concern, Mehaisen (1999) investigated the effect of post-harvest
treatments of CaClz (2 or 4%), NaOCI (1.5%) and yeast suspension (2%) on shelf
life of pear fruits cv. “Le Conte” after storage. Data showed that CaCl, treatments
succeeded in prolonging fruit shelf life, followed by NaOClI treatment.
2.1.2.3.d. Fruit quality

In this field, Sandhu and Randhawa (1992) mentioned that sodium
hypochlorite at 2% as a post-harvest treatment proved to be effective in
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maintaining fruit quality of litchi fruits cv. Seedless late during storage period.
Besides, Mehaisen (1999) showed that NaOCI treatment (1.5%) was effective in
improving pear fruit frmness and exerted a remarkable increment of fruit acidity
and tannins content. Also, NaOCl treatment enhanced fruit total sugar and induced
insignificant effect on fruit total soluble solids percentage.

Part 11| 2.2. Effect of some pre- harvest treatments on fruit

storability.
2.2.1. Effect of Gibberellic acid (GA)
2.2.1.a. Fruit weight loss

In this field, Al-Juboory et al. (1990), Bhanja and Lenka (1994), EI-

Kassas et al. (1995), Choudhury et al. (2003), Mohd-Amir et al. (2003) and
Shaaban (2006) studied the efficacy of spraying GAs at 20-200 ppm as a pre-
harvest treatment in reducing weight loss during storage of grape, sapota,
pomegranate, mandarin and guava fruits, respectively. They concluded that
gibberellin as a pre-harvest treatment succeeded in decreasing physiological loss
in weight.

2.2.1.b. Fruit Decay

Referring to mango fruits, Khader (1991) sprayed mango trees cv.
Dashehari with 100, 200, 300 or 400 mg/litre after fruit set followed by another
spray 10 days later. They realized that GAs retarded the ripening of mango fruits
for up to 6 days of storage under ambient temperatures between 36+2 and
40£3°C. Increasing GAs concentrations significantly delayed post harvest ripening
during the first 6 days and decreased decay percentage.

Kumar and Singh (1993) mentioned that spraying mango trees cv.
Amrapalli with GAs3 at 50 or 75 ppm as a pre-harvest treatment reduced spoilage
losses during storage.

With respect to other fruit species, Coggins and Henning (1985), Ranjit

and Gupta (1987), Bhanja and Lenka (1994), Duarte et al. (1995), Wang et al.
(1998), Massignan et al. (2001), Choudhury et al. (2003), Mohd-Amir et al.
(2003) and recently Jayachandran et al. (2005) evaluated the effect of GAs sprays
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at 20-200 ppm as a pre-harvest treatment on storage performance of Valencia
orange, grapes, sapota, mandarin, peaches, oranges, Kinnow mandarin and
guava, respectively. They abstracted that GA as a pre-harvest treatment induced a
remarkable reduction in fruit decay percentage, fruit rotting and spoilage.

2.2.1.c. Shelf Life

Regarding mango fruits, Singh et al. (1995) made an experiment to study
the effect of spraying Amrapalli mango fruits with GAs in the first week of June on
fruit shelf life. They observed that GAsz at 50 and 75 ppm improved the shelf life of
fruits.

Concerning other fruit species, Bhanja and Lenka (1994), El-Kassas et al.

(1995), Choudhury et al. (2003) and Shaaban (2006) investigated the effect of
pre-harvest treatment with GAs at 25-200 ppm on shelf life of sapota, Manfalouty
pomegranate and Maamoura guava, respectively. They found that gibberellin
treatment succeeded in prolonging fruit shelf life.

2.2.1.d. Fruit Quality

As for mango fruits, Kumar and Singh (1993) showed that spraying mango

trees cv. Amrapalli with GAs at 50 or 75 ppm brought forward fruit maturity by 8-11
days and ripening by 10-14 days compared with the control and significantly
improved fruit quality (T.S.S., sugar, ascorbic acid and beta-carotene
concentrations) during storage.

Singh et al. (1995) mentioned that spraying mango trees cv. Amrapalli in
the first week of June with GAs at 50 and 75 ppm as a pre-harvest treatment
improved fruit quality.

In regard to other fruit species, GA3 at 5-100 ppm as a pre-harvest

treatment showed to be effective in enhancing fruit firmness of Valencia orange
(Coggins and Henning, 1985), delaying pigmentation of mandarin fruits (Duarte
et al., 1995), enhancing the intensity of juice colour, total soluble solids and sugar
content, besides a tendency for total acidity to be slightly decreased towards the
end of the storage period of Manfalouty pomegranate fruits (El-Kassas et al.,
1995), improving fruit quality in terms of soluble solids and sugars of cherry fruits
(Mir et al., 1995), reducing total soluble solids of mandarin fruits (Modesto et al.,
1999), increasing peel firmness of orange fruits (Fidelibus et al., 2002),
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decreasing augmented fruit biochemical attributes such as total solids, acidity and
sugar content of sapota fruits (Choudhury et al., 2003), decreasing the loss of
ascorbic acid content of mandarin fruits (Mohd-Amir et al., 2003) and recording
superior values of Brix : acid ratio and starch content of guava fruits
(Jayachandran et al., 2005).

2.2.2. Effect of calcium chloride (CaCly)
2.2.2.a. Fruit weight loss

With respect to mango fruits, Singh et al. (1993) recorded that spraying

mango trees cv. Dashehari with calcium compounds (Ca(NOs). at 1 or 2% or CaCl,
at 0.6 or 1.2%) 20 and 10 day before harvest reduced the weight loss during
storage under ambient conditions (35+ 3°C and 65+ 5% RH).

Kluge et al. (1999) sprayed calcium chloride (7 applications) at 0.6 or 1.2%
before harvest of Tommy Atkins mangoes. They cleared that weight loss was
reduced by CaCl, treatments.

Chitarra et al. (2001) sprayed mango trees cv. Tommy Atkins with calcium
chloride solutions (0.0, 2.5 or 5.0%) as a pre-harvest application at 40, 60 and 90
days after the flowering period. Harvested fruits were stored under 10°C and 90%
RH for 35 days, during which the fruits were analysed weekly. They noticed that
CaCl, at 5.0% resulted in lower mass loss (2.98%) and better texture than the
2.5% treatment.

Referring to other fruit species, Subburamu et al. (1990), Raychaudharyi

et al. (1992), Bhanja and Lenka (1994), Chandra et al. (1994), Ali et al. (1995),
Brar et al. (1997), Yadav and Singh (1999), Choudhury et al. (2003), Mohd-
Amir et al. (2003) and Shaaban (2006) evaluated the efficacy of spraying calcium
as a pre-harvest treatment in the form of calcium chloride (CaCl,) at 0.6-4.0% or
calcium nitrate [Ca(NOa3),] at 0.75-2.00% on storage behaviour of grape cv.
Muscat, guava cv. L. 49, Sapota fruits, guava fruits cv. Allahabad Safeda, Red
raspberry cv. Sceptar, peach fruits cv. Shan-1-Punjab, aonla fruits, Sapota cv.
Pala, Kinnow mandarin fruits and guava fruits cv. Maamoura, respectively. They
concluded that the tested calcium treatments induced a remarkable reduction in
the rate of physiological weight loss during storage.
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2.2.2.b. Fruit Decay

Concerning mango fruits, Singh et al., (1987a) sprayed mango trees cv.
Amrapalli with calcium nitrate or calcium chloride at rates of 0.5 — 2.0%, a week
before harvesting. They reported that Ca treatments decreased fruit decay
percentage and increased storage life of fruits six days over the control.

Ray et al. (1993) sprayed mango trees cv. Bombay green with calcium
compounds as a pre harvest treatment and stored the treated fruits under artificial
epiphytotic conditions. They noticed that both calcium nitrate and calcium chloride
at 2500 and 5000 ppm significantly increased the incidence of disease on mango
fruits. Disease incidence was increased with increasing rates of the calcium
compounds and spraying twice was more effective than a single spray.

Singh et al. (1993) sprayed mango trees cv. Dashehari with calcium
compounds (Ca(NOs). at 1 or 2% or CaCl, at 0.6 or 1.2%) 20 and 10 days before
harvest, then harvested fruits were stored under ambient conditions. They reported
that Ca-treated fruits had a lower respiration rate than control fruits. Fruits from the
best treatment (CaCl, at 0.6%) could be stored for 10 days. For the other Ca
treatments, this was 8 days, while control fruits were over ripe by this time and
could be stored for 6 days only.

Sanjay et al. (1998) sprayed Amrapalli mango trees with calcium
compounds as a pre-harvest treatment. They concluded that CaCl, (1.5%) and
Ca(NO3)2 (1.5%) were most effective treatments for improving the storage life and
decay percentage of mango fruits.

Chitarra et al. (2001) studied the effect of spraying mango trees cv. Tommy
Atkins with calcium chloride solutions (2.5 or 5.0%) in three times (40, 60 and 90
days) after the flowering periods on biochemical changes and decay percentage
under cold storage (10°C and 90% RH) for 35 days. They emphasized that the
control fruits showed internal breakdown after three weeks of storage, while CaCl,-
treated fruits did not show breakdown symptoms and still firm and suitable for
consumption at the end of storage period after five weeks.

With respect to other fruit species, Ranjit et al. (1990) on grape cv. Delight,

Subburamu et al. (1990) on grape cv. Muscat, Bhanja and Lenka (1994) on
sapota, Mir et al. (1995) on cherry, Mir et al. (1996) on apple cv. Red Delicious,
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Brar et al. (1997) on peach cv. Shan-1-Punjab Yadav and Singh (1999) on aonla
fruits, Choudhury et al. (2003) on sapota cv. Pala, Mohd-Amir et al. (2003) on
Kinnow mandarin and Recasens et al. (2004) on apple cv. Golden Smoothee.
They sprayed the trees of these fruit species with calcium as a pre-harvest
treatment in the form of calcium chloride at 0.3-5% or calcium nitrate at 1.0-2.5% to
enhance fruit storage life. They abstracted that calcium- treated fruits had the
lowest decay percentage and the longest storage life as compared with untreated
ones “control”.

2.2.2.c. Shelf Life

Regarding mango fruits, Sanjay et al. (1998) revealed that spraying mango
trees cv. Amrapalli with calcium compounds (particularly, CaCl, and Ca (NOs),)
enhanced the fruit shelf life as judged from the pattern of physiological loss in
weight, total soluble solids, acidity, total sugar, ascorbic acid and beta carotene
content.

Concerning other fruit species, Callan (1986), Gupta et al. (1987a), Singh

et al. (1987b), Gupta et al. (1988), Bhanja and Lenka (1994), Chandra et al.
(1994), Yadav and Singh (1999), Choudhury et al. (2003) and Recasens et al.
(2004) investigated the effect of calcium as a pre harvest treatment in the form of
calcium chloride at 1-4% or calcium nitrate at 1.0-2.5% on marketability “shelf life”
after storage of sweet cherry cv. Lambert, Jack fruits, Blood Red orange, ber fruits,
Sapota fruits, guava fruits cv. Allahabad Safeda, aonla fruits, Sapota fruits cv. Pala
and apple fruits cv. Golden Smoothee. They concluded that calcium treatment was
the most effective treatment in maintaining (shelf life) marketability for longer time
as compared with the control.
2.2.2.d. Fruit Quality

As for mango fruits, Singh et al. (1993) sprayed Dashehari mango trees
with water, Ca(NOs). (1 or 2%) or CaCl, (0.6 or 1.2%) 20 and 10 days before
harvest, then harvested fruits were stored under ambient conditions (35+ 3°C and
65+ 5% RH). They mentioned that all Ca treatments delayed ripening and
improved fruit quality during storage.

Kluge et al. (1999) studied the effect of spraying calcium chloride as a pre-
harvest applications (7 times) at 0.6 or 1.2% on mango fruit quality cv. Tommy

Yy

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Atkins. They showed that total soluble solids, total titratable acidity and pulp
firmness were positively affected by the tested treatments.

Evangelista et al. (2000) reported that spraying Tommy Atkins mango fruits
with 5% CaCl as a pre harvest treatment gave firmer fruits and resulted in lower
activity of polygalacturonase and B-galacturonase, when compared with 2.5%
CaCl, or untreated fruits (control) during storage at 10°C.

Silva and Menezes (2000) sprayed mango trees cv. Tommy Atkins with 1 or
2% CaCl, 2, 3 or 4 times at 15 day intervals from 35 days of blooming. They
observed that CaCl, concentration did not affect fruit quality, but the number of
applications affected the content of soluble sugars.

Chitarra et al. (2001) showed that spraying mango trees cv. Tommy Atkins
with calcium chloride solutions at 5.0% as a pre-harvest treatment, three times
(40, 60 and 90 days) after flowering periods succeeded in reducing the less of
firmness fruits during storage at 10°C and 90% RH than 2.5% treatment or control.

Silva and Menezes (2001) investigated the influence of pre-harvest spray
(2, 3 or 4 sprays) with CaCl, (0, 1, 2%) on quality of mango fruits cv. Tommy
Atkins. They realized that fruit firmness was higher with 2 applications of 1% and 3
or 4 applications of 2% CaCl, than other treatments. Concentration of soluble
solids and soluble sugars were not affected by CaCl, concentration, but soluble
solids were increased by 4 applications after 30 days of storage and soluble sugars
were increased by 4 applications immediately after harvest. Total titratable acids
were decreased by 3 or 4 applications of 2% CaCl..

Referring to other fruit species, Ca(OH), sprays as a pre-harvest treatment

three times a year on sweet cherry trees cv. Lambert succeeded in increasing fruit
soluble solids content (Callan, 1986). Moreover, pre-harvest treatment with
calcium sprays at 1.7 g/litre as chloride, sulphate or phosphate retained high T.S.S.
and ascorbic acid in ber fruits for longer periods than the control (Gupta et al.,
1987a). Besides, Ca(NOs), sprays on jack fruit trees at 2% resulted in the best fruit
firmness and flavour (Gupta et al., 1987b). Furthermore, calcium sprays as a pre-
harvest treatment in the form of calcium chloride at 0.6-2% or calcium nitrate at
0.75-2.50% was effective in maintaining fruit quality of per fruits during storage
(Gupta and Neena, 1988), enhancing fruit quality infinitely of grape cv. Delight
during storage (Ranijit et al., 1990), improving fruit quality traits and inducing the
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highest TSS and total sugar content of guava fruits cv L.49. (Raychaudharyi et al.,
1992) maintaining flesh firmness of Red Delicious apple fruits during storage
(Tripathi and Bhargava, 1993) maintaining eating quality of guava fruits cv.
Allahabad Safeda (Chandra et al., 1994), decreasing the rate of reduction in flesh
firmness and ascorbic acid of Red raspberries cv. Sceptar during storage (Ali et
al., 1995), improving juice colour intensity, total soluble solids and sugar content of
pomegranate fruits cv. Manfalouty (El-Kassas et al., 1995), increasing fruit
firmness of Golden Delicious apples (Siddiqui and Bangerth, 1995), reducing fruit
organic acid content and fruit firmness and increasing fruit total soluble solids and
sugar content of peach fruits cv. Shan-1-Punjab (Brar et al., 1997), decreasing the
augmented biochemical attributes such as total soluble solids, acidity and sugar of
Sapota fruits cv. Pala (Choudhury et al., 2003) and decreasing the loss of
ascorbic acid content of Kinnow mandarin (Mohd-Amir et al., 2003).

2.2.3. Effect of yeast suspension

The review of literature dealing with the effect of yeast suspension as a pre-

harvest treatment on fruit behaviour during storage i.e. fruit weight loss, decay
percentage, shelf life and other fruit quality traits are rare. However, the available
review of literature in this concern were handled by Lima et al. (1997) who made a
trial to evaluate the activity of A. pullulans (isolate L 47) and the yeast C. olephila
(isolate L66) against grey mould of table grapes. The antagonists were sprayed on
bunches in the field before harvest time and the grapes were either cold stored
(0°C) or left on the vines under plastic covering. The epiphytic population of the
total yeasts (including yeast- like fungi), filamentous fungi and bacteria on the
berries were periodically evaluated. Isolate L 47 applied five days before harvest
showed a high and durable activity against B. cinerea in both field and cold
storage, meanwhile L 66 showed some activity only in the first year, when the
disease incidence was low. The higher activity of isolate L 47 may attributed to its
higher survival rate on the berries under the different conditions of the trials. This
antagonist also showed some activity in containing the natural population of fungi
and bacteria on the berries. Moreover, EI-Neshawy et al. (2003) reported that a
yeast, strain ID 244 of Candida oleophila, isolated from the surface of dry date fruit
was evaluated for its potential biological control activity against the grey mould
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(Botrytis cinerea) of grape (Vitis vinifera) cultivar Ruby seedless under cold storage
conditions. A low rate of Euparen (dichlofuanid)- tolerant cells of C. oleophila with
a low dose of Euparen 50% WP (250 ppm) gave significantly better mould control
at 0°C than either Euparen or the yeast alone and was comparable to disease
control achieved using a commercially recommended high dose of Euparen (1250
ppm). The combination also, maintained some of the fruit quality characteristics.
The population dynamics of the yeast on grapes were studied in the orchard and
during storage following the application of 3 x10° cfu/ml. The population size of the
yeast under the yeast treatment and the yeast- Euparen (250 ppm) combined
treatment increased from approximately 103 cfu/g of berries in the orchard to
6.5x105 cfu/g and 2.5x104 cfu/g after 30 days of storage, respectively, while it
declined to 101 cfu/g for the yeast- Euparen (1250 ppm) treatment.
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3- MATERIALS and METHODS

This study included two main parts as follows:-

Part 1| Trials to improve some marketing characteristics

(ripening) and enhancing storage ability of Costata
persimmon fruits.
This part of study was in turn subdivided into two parts as follows:-
3.1.1. Effect of some chemical substances on some marketing
characteristics (ripening) of Costata persimmon fruits.
3.1.2. Effect of some post harvest treatments on storage ability of
Costata persimmon fruits.

Part I1] Trials to enhance storability of Zebda mango fruits

through some pre-harvest treatments.
Thereupon, this study was handled as follows:-

Part 1] Trials to improve some marketing characteristics

(ripening) and enhancing storage ability of Costata
persimmon fruits.
3.1.1. Effect of some chemical substances on some marketing
characteristics (ripening) of Costata persimmon fruits.

In 2003 and 2004 seasons, persimmon fruits (Diospyros kaki, L.) cv.
Costata were harvested at mature stage i.e., mid-October from productive Costata
persimmon trees, 15-year-old and grown in a clay-loamy soil in the farm of Barrage
Research Station of the Horticulture Research Institute, Kalubia Governorate. The
productive trees were similar in growth vigour, have good physical condition and
received similarly the recommended horticultural practices. Harvested fruits were
brought as soon as possible to the Fruit Handling and Storage Unit, Horticulture
Department, Faculty of Agriculture, Benha University Kalubia Governorate.

Tested fruits were sorted (all malformed, crushed and diseased fruits were
discarded) and the uniform fruits were chosen, quickly washed with tap water and
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then dipped in borax solution at 5% as a fungicide, then rewashed with tap water
and dried through the exposure to air from an electric ventilator. A second sorting
was done to recheck the fruits for any defects.

Thereafter, these fruits were divided into two main groups, the first one was
subjected to perform fruit ripening study .i.e. an evaluation of the efficiency of some
chemical treatments in accelerating ripening process and producing an early and
uniform ripened fruits with good quality. Besides, the second group of prepared
fruits were subjected to evaluate the efficiency of some post harvest treatments on
prolonging the storage life of persimmon fruits.

The first group of selected persimmon fruits cv. Costata was divided into five
subgroups to receive one of the following ripening treatments:

(1) Ethephon (CEPA)

The effect of ethephon (2-chloroethyl phosphonic acid) on ripening of
“Costata” persimmon fruits was investigated; hence mature and uniform fruits were
dipped for five minutes in 500 or 1000 ppm ethrel (ethephon) solution.

(2) Calcium carbide (CaCy)

Calcium carbide was added at 2.5 or 5.0 g/box fruits (about 4 kg fruits) to
bring up acetylene and ethylene (ripening gases) according to Medlicott (1986).
(3) Control treatment

Selected persimmon fruits were dipped in water for five minutes as a control
to be compared with treated fruits (ethephon and calcium carbide). All treatments
of this study were held at ambient temperature (30£3°C & 65-70% R.H.). The initial
values of the studied fruit parameters were determined before treatment application
and periodically at two days intervals throughout the ripening period. All treated
fruits in this study were packed carefully after receiving the tested treatments in
plastic boxes “42 x 28 x 12 cm” wrapped with polyethylene film, previously treated
with Cifadex as a fungicide, and each box contained 35 fruits.

Consequently, this investigation included five ripening treatments namely; 500 &
1000 ppm ethephon and 2.5 & 5.0 g calcium carbide as well as the control treatment.
The tested treatments were arranged in a completely randomized block design and
each treatment was replicated three times and each replicate was represented with two
boxes, one of these two boxes was employed to determine the changes in fruit
physical properties i.e. ripening percentage, weight loss percentage, decay percentage
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and fruit firmness, whereas the second one was devoted for the determination of fruit
chemical properties i.e. carotenoids, total sugars content, total soluble solids, titratable
acidity, ascorbic acid (V.C) and tannins content.

The fruit physiochemical changes associated with tested treatments were
determined as follow:
3.1.1.1. Fruit physical properties
3.1.1.1.1. Ripening percentage of persimmon fruits

The percentage of ripened fruits under the different tested ripening treatments
was determined according to fruit colour (reddish orange) and fruit texture (fruit
firmness). Thereupon, the number of well coloured and less firm fruits under each
tested ripening treatment was counted and the ripening percentage was calculated.
3.1.1.1.2. Fruit weight loss percentage

The initial weight of Costata persimmon fruits i.e. before storage was
determined, then the weight was determined periodically i.e. every two days
throughout ripening period of all treatments under ambient room conditions. The
percentage of fruit weight loss was calculated in relation to its original weight, and
the average fruit weight loss percent was calculated for each treatment according
to the following equation:

Initial weight — Weight at each specific interval
Initial weight

Fruit weight loss % = x 100

3.1.1.1.3. Fruit decay percentage

The decayed fruits under each treatment were discarded and weighted, then
fruit decay percentage was calculated.
3.1.1.1.4. Fruit firmness

Three fruits were taken at the previously mentioned two days intervals to
determine the fruit firmness. Flesh firmness was determined by peeling the two
opposite sides of the fruit and the firmness of each side was measured by using

the Effegi firmness tester with an 5/16" plunger (Effegi 48011 Alfonsine, Italy). The

average flesh firmness of each sample of fruits was estimated. Fruit firmness was
expressed as pounds / square inch.
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3.1.1.2. Fruit biochemical properties
3.1.1.2.1. Fruit carotenoids content

Total carotenoids were determined using colorimetric method (AOAC, 1985)
as mg per 100 g fresh weight.
3.1.1.2.2. Sugars content

The sugars were extracted from five grams of fruit pulp as samples. The
extraction was carried out using distilled water, according to Loomis and Shull
(1937). For determination of sugars, the reducing as well as the total sugars of the
extract were determined respectively, before and after hydrolysis with hydrochloric
acid by the Nelson arseno molybdate colorimetyric method, described by Malik
and Singh (1980). The non-reducing sugars were calculated through the
difference between the total and the reducing sugars. Sugars content was
expressed as grams per 100 g fresh weight of fruit flesh.
3.1.1.2.3. Fruit total soluble solids (T.S.S.)

Total soluble solids of fruit juice were measured using a hand refractometer,
according to Chen and Mellenthin (1981). The total soluble solids were expressed
as a percent.
3.1.1.2.4. Fruit titratable acidity

Fruit juice samples (5 ml) for each tested treatment were used to determine
the titratable acidity. Hence, 0.1 N sodium hydroxide was used in the presence of
phenolphthalein as an indicator, according to Chen and Mellenthin (1981). Fruit
titratable acidity was expressed as grams of citric acid per 100 ml of juice.
3.1.1.2.5. Fruit ascorbic acid (V.C.)

Fruit juice samples (5 ml) were used and five ml of oxalic solution were
added to each sample, then each sample was titrabled with 2, 6-dichlorophenol-
indophenol dye solution. The ascorbic acid content was expressed as milligrams
ascorbic acid per 100 ml fruit juice, according to AOAC (1985).
3.1.1.2.6. Fruit tannins content

Total tannins of Costata persimmon fruits were determined according to
AOAC (1985).
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3.1.1.3. Statistical Analysis

Data expressed as percentages were transformed into angles to be
statistically analyzed owing to the polarization observed in the data scatter plot
according to Clarke and Kempson (1997). All obtained data in both seasons were
subjected to analysis of variance according to Snedecor and Cochran (1989).
Differences among means for the specific effect of ripening period, between the
tested treatments and chemical substances were compared using Duncan
multiple range test (Duncan, 1955) at 5% level. The interactions effect between
treatments and ripening period were differentiated using L.S.D. method at 5% level.

3.1.2. Effect of some post-harvest treatments on storage ability of
Costata persimmon fruits.
The second group of selected “Costata” persimmon fruits were immersed in
500 ppm ethephon solution for five minutes to bring the fruits to ripening stage,
then the fruits were divided into six subgroups to receive one of the following
storage treatments:
(1) Calcium chloride (CaCly)
Well sorted mature Costata persimmon fruits were dipped for five minutes in
2 or 4% calcium chloride (CaCly) solutions for five minutes, thereafter, fruits of each
treatment were air dried.
(2) Yeast
Yeast suspension was prepared by using a technique allowed yeast cells
(pure dry yeast) to be grown and multiplied efficiently during conducive aerobic and
nutritional conditions. To produce denovo beneficial bioconstituents, i.e.
(carbohydrates, sugars, proteins, amino acid, fatty acids, hormones. etc.). Hence
allowed such constituents to release out of yeast cells in readily form. Such
technique for yeast preparation based on:
1- Nutritional medium of glucose and casin as a favorite sources of C and N.
and other essential elements (P, K, Ca, Mg, Fe, Mn, Zn, Cu, B, Mo as well
as Na and Cl) in suitable balance (Barnett et al., 1990).
2- Air pumping and adjusting incubation temperature.
3- Two cycles of freezing and thawing for disruption of yeast cells and
releasing their content.
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Procedure modified after Shady (1978), Spencer et al. (1983) and Fathy et
al. (2000). Analysis of prepared yeast stock solution was: total protein (5.3%), total
carbohydrates (4.7%), N (1.2%), P (0.13%), K (0.3%), Mg (0.013%), Ca (0.02%),
Na (0.01%); micro-elements (ppm), Fe (0.13), Mn (0.07), Zn (0.04), Cu (0.04), B
(0.016), Mo (0.0003). IAA (05 mg/ml) and GA (0.3 mg/ml). Such analysis was
according to Cotton (1954) and atomic absorption method for mineral analysis;
Nelson (1944) and AOAC (1985) for carbohydrates analysis and GLC method
(Vogel, 1975) for IAA and GAs.

Well sorted “Costata” persimmon fruits were dipped in yeast suspension at 1
or 2% (Saccharomyces cerevisiae) for five minutes. The fruits were then air dried.
(3) Sodium hypochlorite (NaOClI)

Mature and well sorted persimmon fruits were dipped in sodium hypochlorite
(NaOCl) at 2% for five minutes, then the treated fruits were air dried.

(4) Control treatment

Well selected persimmon fruits were dipped in tap water for five minutes as
a control (untreated fruits) to be compared with CaCly, yeast and NaOCI - treated
fruits.

Conclusively, this investigation included three storage temperatures i.e.
ambient room (30£3°C & 65-70 % R.H.), cold temperature at 5°C and cold
temperature at 0°C. Besides, within each tested storage temperature six post
harvest treatments were evaluated namely: 2 & 4% CaCl,, 1 & 2% yeast
suspension, 2% NaOCI and the control (untreated fruits). The initial values of fruit
parameters of this study were determined before treatment application and
periodically at weekly intervals throughout the storage period under each tested
storage temperature (ambient room, 5°C and 0°C).

All treated fruits in this study were packed carefully after receiving the tested
treatments in plastic boxes “42 x 28 x 12 cm”, previously treated with cifadex as a
fungicide, each box contained 35 fruits.

The tested post harvest treatments were arranged in a completely randomized
block design and each treatment was replicated three times, each replicate was
represented with two boxes, one of these two boxes was employed to determine the
changes in fruit physical properties i.e. weight loss percentage, decay percentage, fruit
firmness and shelf life, whereas the second one was devoted to determine some fruit
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chemical properties i.e. carotenoids, total sugar content, total soluble solids, titratable
acidity, tannins content and ascorbic acid (V.C).

The fruit physiochemical changes associated with post harvest treatments
application and storage durations were determined as follow:

Fruit physical properties i.e. fruit loss percentage, fruit decay percentage and
fruit firmness as well as fruit chemical properties namely fruit carotenoids content,
fruit sugars, total soluble solids, titratable acidity and tannin content were
determined using the previously mentioned procedures used in the case of ripening
persimmon fruits study. Moreover, shelf life was determined using a sample of
fifteen fruits per each replicate at the end of cold storage period and left at ambient
temperature (30+3°C & 65-70 % R.H.) for six days. The percentage of decayed
fruits were calculated and considered as an indicator for shelf life.

Statistical Analysis

Data expressed as percentages were transformed into angles to be
statistically analyzed owing to the polarization observed in the data scatter plot
according to Clarke and Kempson (1997).All obtained data in both seasons were
subjected to analysis of variance according to Snedecor and Cochran (1989).
Differences among means for the specific effect of storage period and tested post
harvest treatments were compared using Duncan multiple range test (Duncan,
1955) at 5% level. The interaction effect between treatment and storage period was
differentiated using L.S.D. method at 5% level.

Part 11]3.2. Trials to enhance storability of Zebda mango fruits

through some pre-harvest treatments.

This study aims to evaluate the effect of some pre-harvest treatments on
enhancing fruit storability and improving fruit quality of Zebda mango fruits stored
under different storage temperatures. 20-years-old grafted Zebda mango trees
(Mangifera indica, L.) grown in a sandy loam soil at Arab-El-Ghadery village,
Kalubia Governorate were devoted for this study. Selected trees were uniform in
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growth, had good physiological condition and receiving the recommended
agricultural practices.

In 2003 and 2004 seasons, selected trees for this study sprayed with one of
the following pre harvest treatments: (1) Gibberellic acid (GAs) at 25, 50 and 75
ppm, (2)Calcium chloride (CaCl) at 1 and 2%, (3) Active yeast suspension at 1
and 2% and (4) Tap water was used for spraying the trees as a control treatment.
Tween 20 as a surfactant was added at 0.01% to all treatment solutions including
the tap water “control’. The preparation of yeast suspension was previously
explained in the first part (Persimmon Experiment).

In both seasons of this study, the spray of all tested treatments was
performed three times a year, i.e. the first spray was done after fruit setting
stability, meanwhile the others two sprays were carried out thereafter at three
weeks intervals. Each treatment was represented by three replicates (one tree /
replicate). The treatments were arranged in a completely randomized block design.

Zebda fruits were picked at mature green stage i.e. in mid August in both
seasons. Selected fruits were free of obvious mechanical damage and defects and
approximately homogenous in size and colour. Fruits were then brought as soon as
possible to the Post-harvest Laboratory of Pomology Department (APHC), Faculty
of Agriculture, Alexandria University “under the supervision of Prof. Dr. Awad
Hussien”.

Fruit parameters of pre-harvest treated Zebda mango fruits were initially
determined (before storage) as follows: The average fruit weight (g) and the weight
of fruit peel, pulp and seed (g) of mango fruit cv. Zebda in all pre harvest
treatments and the control were determined and recorded and the percent of the
weight of peel, pulp and seed in relation to the hole fruit was calculated and
recorded. Also, pulp dry weight was determined according to Ranganna (1977).
The average fruit dimensions (cm) of mango fruits as length, breadth and
thickness, were measured by a caliper and as shown in Fig (1) according to
Campbell, (1992).
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Fig (1): The measurement of length, breadth and thickness of mango fruits.

Furthermore, fruits with any insect infestation or defects were discarded.
Sorted fruits were quickly washed with regular tap water, then air dried with the aid
of an electric fan. A second sorting was done to recheck the fruits for any defects to
be ready for storage study. This investigation included three storage temperatures
.e. ambient temperature (28+2°C & 75-80% RH), cold storage at 15 & 90-95% RH
and 10°C & 90-95% RH Besides, within each storage temperature eight pre
harvest treatments were evaluated namely 25, 50 and 75 ppm GAs, 1 & 2% CacCls,
1 & 2% yeast suspension and the control. The treatments were arranged in a
completely randomized block design with three replicates for each treatment and
each replicate was represented with two boxes of fruits. All selected fruits for each
treatment were packed in plastic boxes “42 x 28 x 12 cm”, previously treated with
Cifadex as a fungicide, every box contained fifteen fruits. Each treatment included
36 boxes, which divided into three lots. The first one contained 6 boxes and kept at
ambient temperature (28+ 2°C & 75-80% RH), the second one contained 15 boxes
and held at 15°C and 90-95% RH and the last one also contained 15 boxes and
stored at 10°C and 90-95% RH.

The fruit physiochemical changes in response to pre-harvest treatments,
storage period and days on shelf as well as their interaction were determined as
follow:
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3.2.1. Fruit physical properties
3.2.1.1. Fruit weight loss percentage

The initial weight of Zebda mango fruits i.e. before storage was determined,
then the weight was determined periodically throughout the storage period and
days on shelf of all treatments under different storage temperatures. The
percentage of weight loss for each fruit was calculated in relation to its original
weight and the average weight loss percent was calculated for each treatment
according to the following equation:

Initial weight — Weight at specific interval
Initial weight

Fruit weight loss % = 100

3.2.1.2. Fruit decay percentage

The decayed fruits of each treatment were discarded and weighed. The
weight of such discarded fruits related to the initial weight of fruits per each
treatment was estimated and decay percentage was calculated.
3.2.1.3. Fruit firmness

Three fruits were taken at the previous mentioned intervals to determine the
changes in fruit firmness. Flesh firmness of the treated fruits was determined by
peeling the two opposite sides of the fruit and the firmness of each side was

measured by using the Effegi firmness tester with an 7/16" plunger (Effegi 48011

Alfonsine, ltaly). The average flesh firmness of each sample of fruits was
estimated. Fruit firmness was expressed as pounds / square inch.
3.2.1.4. Days on shelf

A sample of 15 fruits per each replicate was taken out at weekly intervals
after cold storage (15°C and 10°C) of Zebda mango fruits and left at ambient
temperature (28+2°C & 75-80% RH) for three or six days. All parameters of fruits
were determined, calculated and considered as an indicator for shelf life.

3.2.2. Biochemical properties
3.2.2.1. Chlorophylls and carotenoids content

Peel chlorophylls a, b and total carotenoids in peel and pulp were
determined using colorimetric method (AOAC, 1985) and expressed as mg per
100g fresh weight.
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3.2.2.2. Fruit total soluble solids (TSS)

Total soluble solids of fruit juice were measured using a hand refractometer,
according to Chen and Mellenthin (1981). The total soluble solids was expressed
as a percent.
3.2.2.3. Sugars content

The sugars were extracted from five grams of fruit fresh flesh as samples.
The extraction was carried out using distilled water, according to Loomis and
Shull (1937). For determination of sugars the reducing as well as the total sugars
of the extract were determined respectively, before and after hydrolysis with
hydrochloric acid by the Nelson arseno molybdate colorimetyric method, described
by Malik and Singh (1980). The non-reducing sugars were calculated by
subtracting reducing sugars from total sugars. Sugars content was expressed as
grams per 100 g fresh weight of fruit flesh.
3.2.2.4. Fruit titratable acidity

Fruit juice samples (5 ml) were used and titrated with 0.1 N sodium
hydroxide in the presence of phenolphthalein as an indicator, according to Chen
and Mellenthin (1981). The titratable acidity was expressed as grams of citric acid
per 100 ml of juice.
3.2.2.5. Fruit ascorbic acid (V.C) content

Samples of fruit juice (5 ml) were used. 5 ml of oxalic solution were added to
each sample, then each sample was titrable with 2, 6-dichlorophenol-indophenol
dye. The ascorbic acid content was expressed as milligrams ascorbic acid per 100
ml fruit juice, according to AOAC (1985).

3.2.3. Statistical Analysis

Data expressed as percentages were transformed into angles to be statistically
analyzed owing to the polarization observed in the data scatter plot according to Clarke
and Kempson (1997).All obtained data in both seasons were subjected to analysis of
variance according to Snedecor and Cochran (1989). Differences among means for
the specific effect of storage period, tested pre harvest treatments and days on shelf
were compared using Duncan multiple range test (Duncan, 1955) at 5% level. The
interactions effect between treatments, storage period and days on shelf were
differentiated using L.S.D. method at 5% level.
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4- RESULTS and DISCUSSION

Trials to improve some marketing characteristics

Part

(ripening) and enhancing storage ability of Costata
persimmon fruits.

41.1. Effect of some chemical substances on some marketing
characteristics “ripening” of Costata persimmon fruits.

Effect of some ripening substances i.e., ethephon at 500 and 1000 ppm and
calcium carbide at 2.5 & 5.0 g/box on ripening percentage of Costata persimmon
fruits (indices of fruit ripening were reddish orange colour, softness of fruit texture
and some physiochemical attributes) during 2003 and 2004 seasons is reported in
Tables (1-10), illustrated in Figures (2—-4) and exhibited in Photos (1-2). The effect
of aforementioned factors of study namely ripening period (period in days after
treatment with the tested chemical substances), ripening substances with their
concentrations and the interaction between these three factors on some
physiochemical attributes of Costata persimmon fruits i.e. ripening (%), weight loss
(%), decay (%), firmness (Ib/inch?), pulp carotenoids content (mg/100 g fresh
weight), total sugars (%), total soluble solids (%), total acidity (%), ascorbic acid
content (mg/100 ml) and tannins content (g tannic acid/100 g fresh weight).

|[4.1.1.1. Ripening percentage of fruitsﬁ

As for specific effect of ripening period, it is easy to notice from Table (1)
that there was a steadily increment in fruit ripening percentage with the
advancement of period after the treatment with the tested ripening chemical
substances.

The recorded data emphasize this result, hence the highest percentages of
fruit ripening (82.10 & 82.48) were scored after eight days of subjecting the fruits to
the tested ripening chemical substances, followed descendingly by six days
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Table 1
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ripening period (65.52 & 65.03) against (12.57 & 13.32) for the analogous ones
kept for two days after treatment with ripening chemical substances during 2003
and 2004 seasons, respectively. Furthermore, keeping treated Costata persimmon
fruits with tested ripening chemical substances for four days induced an enhancing
effect on fruit ripening percentage in comparison with the corresponding ones kept
for two days only. The differences between the studied ripening periods in this
respect were pronounced to be significant.

Referring to specific effect of the tested ripening substances, data in
Table (1) demonstrate that the highest fruit ripening percentages were produced by
ethephon- treated fruits (62.26 & 64.20) in comparison with those treated with tap
water “control” and calcium carbide in the first and second seasons, respectively.
Moreover, calcium carbide-treated fruits scored significantly higher ripening
percentages (56.90 & 57.61) against (4.52 & 5.00) for untreated ones “control”
during 2003 and 2004 seasons, respectively.

Looking at specific effect of the tested treatment concentrations, Table
(1) illustrates that all tested treatment concentrations succeeded in increasing fruit
ripening percentage in comparison with untreated fruits “control” in both seasons of
study. The higher concentrations of both ethephon and calcium carbide surpassed
the lower ones in enhancing fruit ripening percentage. Generally, 1000 ppm
ethephon proved to be the superior concentration in this respect, hence it produced
the highest ripening percentages (67.62 & 67.66), followed descendingly by 5.0
g/box calcium carbide treatment (60.47 & 60.00) when compared with control
“untreated” fruits which produced the lowest values (4.52 & 5.00) during the first
and second season, respectively. Besides, 500 ppm ethephon treatment
predominated 2.5 g/box calcium carbide in enhancing fruit ripening percentage in
2003 season, only.

With respect to the interaction effect between ripening period, ripening
chemical substances and ripening treatment concentrations, the resulted
combinations reported in Table (1), exhibited in Photos (1-2) and illustrated in Fig
(2) show that ripening period irrespective of ripening chemical substances and
ripening treatment concentrations had the strong decision in determining the
ripening percentage.
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Thereupon, eight days ripening period interactions showed to be the most
effective combinations in inducing the highest fruit ripening percentages, with the
exception of untreated fruits “control” in both seasons, followed in descending order
by those of six days ripening period.

Costata - Initial
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Photo (1): Costata persimmon fruits before ripening treatments application.
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Photo (2): Response of Costata persimmon fruits to some ripening
treatments with the advancement of ripening period.
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Fig (2)
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On the opposite, the lowest fruit ripening percentages were scored by two
days ripening period combinations, followed in an ascending order by four days
ripening period interactions. The differences between the different combinations
were pronounced to be significant in both seasons. It is important to notice that all
tested combinations resulted from eight days repining period x repining chemical
substances x repining treatment concentrations scored 100% ripening in both
seasons against (10.48 & 12.38) for the combinations of eight days ripening period
x control treatment in the first and second season, respectively.

The role of ethephon in enhancing ripening of persimmon fruits through
encouraging the hydrolysis of starch and accumulation of sugars as well as the
conversion of protopectin to soluble pectins. Besides, ethephon treatment enhanced
persimmon ripening through the production of ethylene which accelerates ripening
through loss of firmness, colour development and disappearance of astringency
(Tannins) starch hydrolysis to sugars Abd-El-Wahab, et al., (1983).The results of
ethephon on fruit ripening go in line with earlier studies of Wakamatsu et al. (1973),
Srinivasan et al. (1974), Forlani (1976), Kato (1987), Kamal and Rabeh (1989) and
Park et al. (1998). They studied the efficacy of ethrel (ethephon) either as a pre-
harvest treatment at 15-50 ppm or as dipping in ethephon solution (250 - 5000 ppm)
with different dipping times (5-60 minutes) on the time required for persimmon fruits
cvs. Hiratanenashi, Costata....etc. to reach ripening stage. They concluded that
ethephon-treated fruits needed 1-8 days to reach ripening according to ethephon
concentration and time of dipping, whereas untreated fruits “control” failed to reach
ripening stage, one month after storage at room temperature and deteriorated before
ripening. Besides, Bal et al. (1992)on pawpaw fruits cvs. CO1 and CO2, Hartmann
(1992)on cherry fruits cv. Bigarreau Napoleon , Sergent et al. (1993) on mango fruits
cv. Keitt, Pal (1998.a&b) on mango fruits cvs. Dashehari and Rataul, Joon et al.
(2001) on mango fruits cv. Dashehari, Lakshmana et al. (2001) on banana fruits cv.
Robusta, Zora et al. (2001) on mango fruits cv. Kensington, Undurraga and Olaeta
(2003) on loquat fruits cv. Golden Nugget and Kulkarni et al. (2004) on mango fruits
cv. Neelum. They mentioned that immersing the fruits in ethephon solutions (250-2000
ppm) for 1-30 minutes according to ethephon concentration induced the best ripening
attributes and sensory quality in shorter time as compared with the control.
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The role of calcium carbide in accelerating fruit ripening may be due to as a
precursor of acetylene which known as a ripening gas. The commercial use of
acetylene, as liberated from calcium carbide, often results in fruits that are soft and
have good peel colour development (Medlicott, 1990). The obtained results of calcium
carbide are in harmony with earlier reports of Nagaraj et al. (1984), Mann (1985),
Chacon et al. (1988), Tauqir et al. (1989), Ashwani et al. (1995), Padmini and
Prabha (1997), Guha and Bhuiyan (1997), Pal (1998-b), Amarakoon et al. (1999)
and Joon et al. (2001). They mentioned that CaC, treatments at 2 or 4 g /kg fruits
induced an early and uniform ripening of mango fruits cvs. Alphonso, Dashehari,
banana fruits, mango fruits cvs. Desi and Dusehi, Dashehari, Alphonso, Aswina,
Rataul, Velleicolomban and Willard and Dashehari, respectively.

" 4.1.1.2. Fruit weight loss percentage I\

Regarding specific effect of ripening period, it is quite clear from Table (2)
that prolonging ripening period after the treatment with tested ripening chemical
substances resulted in increasing fruit weight loss percentage of Costata persimmon
fruits.

The obtained data emphasize this result, where the highest fruit weight loss
percentages (8.56 & 9.55) were registered after eight days of subjecting the fruits
to the tested ripening chemical substances, followed descendingly by those of six
days ripening period (6.20 & 6.88) against (1.48 & 1.64) for the analogous ones
kept for two days and (3.74 & 3.94) for those left for four days after treatment with
ripening chemical substances in 2003 and 2004 seasons, respectively. The
differences between the evaluated ripening periods in this concern were
remarkable to be significant at 5% level.

Considering specific effect of the tested ripening substances, reported
data in Table (2) indicate that weight loss percentage of Costata persimmon fruit
was greatly increased due to using the two ripening chemical substances i.e.
ethephon and calcium carbide as compared with control. Thus, ethephon-treated
fruits scored the highest weight loss percentages (5.25 & 5.74), followed in
descending order by calcium carbide-treated ones (5.06 & 5.61) when compared
with untreated fruits “control” which lost the lowest percentage of their weight (4.34
& 4.82) in the first and second seasons, respectively. The differences between the
tested treatments were obvious to be considered.
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Looking at specific effect of the tested treatment concentrations, the
obtained data show that all tested treatment concentrations resulted in increasing
fruit weight loss percentage in comparison with untreated fruits “control” in both
seasons. There was a steadily increment in fruit weight loss percentage with the
increment of the tested ripening substance concentration. Anyhow, 1000 ppm
ethephon-treated fruits lost the highest percentage of their weight (5.47 & 5.96),
followed descendingly by 5.0 g/box calcium carbide-treated fruits (5.23 & 5.74) in
comparison with untreated fruits “control” (4.34 & 4.82%) which showed the lowest
fruit weight loss percentage during  the first and second seasons, respectively.
Moreover, 500 ppm ethephon-treated fruits lost higher percentage of their weight in
comparison with 2.5 g/box calcium carbide-treated ones in both seasons.

Examining the interaction effect between ripening period, ripening
chemical substances and ripening treatment concentrations, the resulted
combinations reported in Table (2) and illustrated in Fig (3) indicate that ripening
period had the strong decision in determining fruit weight loss percentage.
Consequently, two days ripening period combinations proved to be the most
pronouncing ones in inducing the lowest fruit weight loss percentage, especially
control treatment (1.18 & 1.36), followed in an ascending order by the interactions
of four days ripening period. On reverse, the highest percentages of fruit weight
loss were recorded by the corresponding ones of eight days ripening period,
particularly, 1000 ppm ethephon-treated fruits (9.18 & 10.03) in the first and second
seasons, respectively.

Weight loss from harvested horticultural crops is mainly due to water loss
through transpiration process, while some weight loss is due to loss of carbon in
respiration process, but this is only a minor part of the total. High storage
temperature causes a high respiration rate which leads to a fruit weight loss
(Hardenburg et al., 1990). Furthermore, the role of ethephon in increasing loss in
weight of persimmon fruits may be due to the effect of ethephon on increasing
respiration rate and accelerating fruit ripening. It is well known that ripe fruits loose
their moisture content more quickly than unripe ones (Kamal and Rabeh, 1989).

¢y

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Fig (3)

A

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

The obtained results of ethrel (ethephon) are coincided with earlier reports of
Kamal and Rabeh (1989). They mentioned that dipping persimmon fruits cv. Costata
in ethephon solutions (500, 1000 and 2000 ppm) for five minutes exhibited greater loss
in moisture content than those dipped in water (control). They added that the higher the
ethephon concentration, the greater was fruit loss percentage. Also, Pal (1998-b) and
Gala et al. (2001) realized that ethephon treatment at 250-1250 ppm increased weight
loss percentage of mango fruits cv. Rataul and banana fruits varieties Hindi, Maghrabi
and Williams, respectively.

The obtained results of calcium carbide affects on fruit weight loss percentage
are in agreement with the findings of Valverde et al. (1986) on mango fruits cv. Keitt,
Taugir et al. (1989) on mango fruits cv. Desi and Dusehi,, Ashwani et al. (1995) on
mango fruits cv. Dashehari and Joon et al. (2001) on mango fruits cv. Dashehari.
They concluded that calcium carbide treatments at 2 or 4 g /kg fruits resulted in higher
weight loss percentage during the ripening period compared with untreated fruits.

" 4.1.1.3. Fruit decay percentage I]

With respect to specific effect of ripening period, it is worthy to notice
from Table (3) that there was a steady increase in fruit decay percentage with
prolonging the period after the application of the studied ripening chemical
substances. The gained data confirmed this result, hence the highest fruit decay
percentages (10.67 & 12.36) were recorded after eight days of subjecting the fruits
to the tested ripening chemical substances, followed in descending order by six
days ripening period (7.68 & 9.18) as compared with the analogous ones kept for
two days after treatment with ripening chemical substances during the first and
second seasons, respectively. The differences between the tested ripening periods
were pronounced to be significant in both seasons.

Focusing on specific effect of the tested ripening substances, data in
Table (3) show that fruit decay percentages were increased as a result of using the
two tested ripening chemical substances when compared with control. In this
respect, ethephon treatments produced the highest fruit decay percentages (7.13 &
8.59), followed descendingly by calcium carbide treatments (6.51 & 7.60) against
(1.03 & 2.05) for the control treatment in 2003 and 2004 seasons, respectively. The
differences between ethephon and calcium carbide treatments in this respect was
significant in 2004 season, only.
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Looking at specific effect of the tested treatment concentrations, data
reported in Table (3) show that all tested treatment concentrations obviously
increased fruit decay percentages in comparison with the control in both seasons.
Fruit decay percentages was positively proportionated with the increment of
ripening substance concentration. Consequently, ethephon at 1000 ppm induced
the highest fruit decay percentages (8.92 & 10.74), followed descendingly by 5.0
g/box calcium carbide-treated fruits (7.83 & 8.76) against (1.03 & 2.05%) for the
control in the first and second seasons, respectively.

Examining the interaction effect between ripening period, ripening
chemical substances and ripening treatment concentrations, data presented
in Table (3) and illustrated in Fig (4) realize that the interactions of eight days
ripening period especially 1000 ppm ethephon-treated fruits, recorded the highest
fruit decay percentages (16.49 & 18.11), followed descendingly by 5.0 g/box
calcium carbide-treated ones (14.61 & 15.44) in the first and second seasons,
respectively. On the opposite, the lowest values of fruit decay percentage were
registered by the combinations of two days ripening period particularly untreated
fruits “control” in both seasons.

The other combinations occupied an intermediate position between the
aforementioned categories in both seasons of study.

A continuous increase in decay percentage with the progress of ripening
(storage) period. The principal cause of deterioration in untreated fruits was shriveling,
whereas the main factor of ethephon treated fruits deterioration was fruit senescence
due to loss of fruit firmness and the increase in respiration rate. Such fruits became
weakened easy to be attack by decay pathogens, (Abd-El-Wahab, et al., 1983).The
gained results of ethephon in this respect are in accordance with the findings of Abd
El-Wahab et al. (1983) and Kamal and Rabeh (1989) on Costata persimmon fruits.
They mentioned that ethephon treatments (100-2000 ppm) induced a gradual increase
in decay percentage with the extension of storage period.

The increase in fruit decay percentage during ripening period due to calcium
carbide is in agreement with earlier reports of Ashwani et al. (1995) on mango
fruits cv. Dashehari, Pal (1998-b) on mango fruits cv. Ratual and Joon et al.
(2001) on mango fruits cv. Dashehari. They mentioned that the decay loss caused
by rots was minimum in the control and maximum in CaC. (4 g/kg)-treated fruits.
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|[4.1.1.4. Fruit firmness (Ib/inch?) ﬂ

Referring to specific effect of ripening period, it is easy to observe from
Table (4) that Costata persimmon fruits lost its firmness with the advancement of
ripening period. The gained data emphasize this result, hence the initial readings of
fruit firmness i.e. before subjecting the fruits to the tested ripening chemical
treatments were (12.40 & 11.53 Ib/inch?), whereas after eight days of subjecting
the fruits to ripening treatments, firmness readings scored (5.39 & 5.29 Ib/inch?),
followed ascendingly by six days ripening period (7.17 & 6.90 Ib/inch?) in 2003 and
2004 seasons, respectively. Also, two days ripening period produced more firm
fruits (10.87 & 10.46 Ib/inch?) against (8.94 & 8.35 Ibfinch?) for four days ripening
period in the first and second seasons, respectively. The differences between the
four tested ripening periods were pronounced to be significant in both seasons.

With respect to specific effect of the tested ripening chemical
substances, Table (4) illustrates that the treated fruits were less firm than the
untreated ones “control”. Fruit firmness of ethephon-treated fruits scored (7.22 &
6.86 Ib/inch?) against (7.55 & 7.23 Ibfinch?) for calcium carbide-treated ones in
2003 and 2004 seasons, respectively. Consequently, calcium carbide was more
effective than ethephon in maintaining fruit firmness in both seasons.

Focusing on specific effect of the tested treatment concentrations, data
in Table (4) show that all tested treatment concentrations significantly decreased
fruit firmness as compared with control (10.93 & 10.58 Ib/inch?). Shortly, 2.5 g/box
calcium carbide-treated fruits appeared to be the most promising treatment for
inducing the highest fruit firmness (7.76 & 7.50 Ib/inch?), followed descendingly by
500 ppm ethephon-treated fruits (7.63 & 7.23 Ib/inch?) in the first and second
seasons, respectively.

On the opposite, the lowest values of fruit firmness were registered by 1000
ppm ethephon-treated fruits (6.81 & 6.49 Ibfinch?) in 2003 and 2004 seasons,
respectively. The differences between the four tested concentrations of ripening
chemical substances and the control were obvious to be significant at the level of
5%.
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With regard to the interaction effect between ripening period, ripening
chemical substances and ripening treatment concentrations, the obtained
results in Table (4) demonstrate that ripening period had the strong decision in
determining firmness of Costata persimmon fruits. Thereupon, the resulted
combinations of eight days ripening period had the lowest values of fruit firmness
(except untreated fruits of the all ripening period combinations), followed in an
ascending order by the analogous ones of six days ripening period. On reverse, the
highest values of fruit firmness were recorded by the combinations of two days
ripening period, especially untreated fruit, followed in descending order by the
corresponding ones of four days ripening periods. The differences between the
combination categories were pronounced to be significant.

The decrease in fruit firmness with the progress of ripening period is due
mainly to decomposition of enzymatic degradation in insoluble protopectin to more
simple soluble pectins and solubilization of cell and cell wall contents as a result of
the increase in pectin estrase activity (Deshpande and Salunkhe, 1964). The role
of ethephon in decreasing fruit firmness may be attributed to its activation to such
decomposition and solubilization (Kamal and Rabeh, 1989).The recorded results
dealing with ethrel (ethephon) affects on firmness of Costata persimmon fruits are
in harmony with earlier studies of Edgerton and Blanpied (1968), Wakamatsu et
al. (1973), Rouhani et al. (1975), Abd El-Wahab et al. (1983), Kato (1987),
Zhang (1988), Kamal and Rabeh (1989), Kato (1990), ltamura et al. (1991), Lee
and Kim (1991), Lim et al. (1993), Park et al. (1998), Shiesh et al. (2000) and
Imagawa et al. (2003). They treated persimmon fruits cvs. Costata, Fuyugaki,
Hiratanenashi, Cheongdobansi, Tonewase ... etc, with ethylene from different
sources as ethephon at 100 — 2000 ppm or ethylene generator. They concluded
that the higher the ethylene or ethephon concentration used, the greater was the
efficacy on accelerating fruit softness and senescence. On the contrary, check
treatment not only maintained high fruit firmness for a long time, but also was
effective in prolonging fruit storage period. Besides, the non-treated fruits “control”
shriveled whereas the ethephon-treated ones showed less firmness. They added
that ethephon treatment produced an increase in ethylene and carbon dioxide
evolution even though the fruits were still firm. Carbon dioxide delayed the rate of
fruit softening, whereas ethylene is thought to be an activator of the fruit softening
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mechanism. Moreover, Mann et al. (1990) on pear fruits, Sergent et al. (1993) on
mango fruits cv. Keitt, Pal (1998-a) on mango fruits cv. Dashehari, Zora et al.
(2001) on mango fruits cv. Kensington, Suresh and Zora (2003) on mango fruits
cv. Kensington and Kulkarni et al. (2004) on mango fruits cv. Neelum. They
reported that dipping the fruits in ethephon solutions at 50 — 4000 ppm for 1-5
minutes decreased the fruit firmness in a shorter period compared with untreated
fruits "control ".

The obtained results concerning the enhancing affect of calcium carbide as
a ripe- treatment at 1 - 4 g/kg fruits on fruit quality in term of flesh firmness go in
line with the findings of Randhawa et al. (1984) on pear fruits cv. Nakai and
Ashwani et al. (1995) on mango fruits cv. Dashehari. They concluded that fruit
firmness decreased with calcium carbide treatments.

ﬂ 4.1.1.5. Fruit carotenoids content ﬂ

Considering specific effect of ripening period, it could be concluded that
the fruit carotenoids content was linearly increased with prolonging the ripening
period (Table, 5). The recorded data emphasize this result, hence the initial
readings of fruit carotenoids content were (1.27 & 1.36 mg/100 g F.W) in the first
and second seasons, respectively. Irrespective of the initial readings (zero day
ripening period), the lowest values of fruit carotenoids content were registered by
two days ripening period (1.61 & 1.64 mg/100 g F.W), followed ascendingly by four
days ripening period (2.11 & 2.16 mg/100 g F.W) in the first and second seasons,
respectively. On contrary, the greatest fruit carotenoids content was produced by
eight days ripening period (2.67 & 2.66 mg/100 g F.W), followed descendingly by
six days ripening period (2.57 & 2.52 mg/100 g F.W). The differences between the
four tested ripening periods were so high to be significant.

Analyzing specific effect of the studied ripening substances, data in
Table (5) indicate that the two ripening substances caused a progressive increment
in fruit carotenoids content as compared with control in both seasons. Ethephon
treatment proved to be the most promising one for enhancing fruit carotenoids
content (2.43 & 2.50 mg/100 g F.W), followed descendingly by calcium carbide
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treatment (2.41 & 2.35 mg/100 g F.W). On the opposite, the lowest values in this
concern were recorded by the control (1.55 & 1.55 mg/100 g F.W).

Referring to specific effect of the tested treatment concentrations, the
tabulated data in Table (5) demonstrate that all studied treatment concentrations
succeeded in increasing fruit carotenoids content when compared with control in
both seasons.

In 2003 season, all tested concentrations of both ethephon and calcium carbide
induced similar effect in this respect from the statistical standpoint. Besides, in 2004
season, 1000 ppm ethephon treatment proved to be the superior in this concern,
followed descendingly by 500 ppm ethephon. On contrary, 2.5 glhox CaC> showed to
be the least effective treatment in enhancing carotenoids development.

Evaluating the interaction effect between ripening period, ripening
chemical substances and ripening treatment concentrations, the resulted
combinations illustrate that the combinations of eight days appeared to be the most
promising one for inducing the greatest values of fruit carotenoids content, followed
descendingly by the analogous ones of six days ripening period. On reverse, the
lowest values of fruit carotenoids content were scored by the interactions of two
days ripening period followed in an ascending order by the corresponding ones of
four days ripening period in both seasons of study.

The enhancement of carotenoids development due to ethephon treatment
was explained by Kamal and Rabeh (1989) and Lee and Kim (1991). They
mentioned that total chlorophyll was decreased rapidly after ethylene treatment,
then gradually leveled off. The greatest reduction in total chlorophyll was achieved
by ethephon treatment, the matter which led to higher carotenoids concentration
and the more was the brightness of fruit colour.

Fruit carotenoids content was in parallel with the ripening duration. This may
be due to the fact that the synthesis of carotenoids is accompanied by changes in
the ultrastructure of plastids. Consequently, as tubular structures visible in the
plastids of unripe fruit are lost, while osmiophilic globules increase in size and
number (Parikh et al., 1990). Moreover, the synthesis of carotenoids involves
mevalonic acid and geraniol as precursors, (Mattoo et al., 1968). Besides, the role
of ethephon in enhancing fruit carotenoids may be due to the fact that ethephon
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accelerates the previously mentioned changes which lead to carotenoids synthesis
(Kamal and Rabeh, 1989). The enhancement and positive affect of ethephon
treatment on fruit colour is in agreement with the earlier reports of Awad and
Suzukawa (1975), Abd El-Wahab et al. (1983), Kato (1984), Zhang (1988),
Kamal and Rabeh (1989) and Lee and Kim (1991) on persimmon fruits cvs.
Aizumishirazu, Hiratanenashi, Fuyugaki, Costata . . . ,etc. They treated persimmon
fruits with ethylene evaluated from different sources i.e. ethephon, ethanol . . . etc.
at 10-2000 ppm. They found that carotenoid levels were increased with ethylene
treatment. They added that the fruits lost their green colour within 3-5 days due to
ethephon treatment at 500 and 1000 ppm for two minutes, meanwhile the lower
ethephon concentration (250 ppm) required 10-12 days to induce similar effect in
this respect. Besides, Bal et al. (1992), Zora et al. (2001) and Kulkarni et al.
(2004) treated papaya fruits and mango fruits cvs. Kensington and Neelum,
respectively with ethephon solutions (250-2000 ppm) for different times (2-30
minutes) according to ethephon concentration. They observed that fruit colour
index was significantly enhanced with ethephon treatment and the total carotenoids
showed increasing trend up to eight days during ripening.

The obtained results dealing with the enhancement of fruit colour during
ripening period due to calcium carbide at 2 or 4 g/kg fruits are in harmony with the
findings of Nagaraj et al. (1984), Taugqir et al. (1989) , Ashwani et al. (1995)
and Padmini and Prabha (1997) on mango fruits cv. Alphonso, (Desi and
Dusehri), Dashehari and Alphonso, respectively.

4.1.1.6. Fruit total sugars (%)

Pointing to specific effect of ripening period, the obtained data in Table
(6) reveal that the sweetness of Costata persimmon fruits enhanced as the ripening
period advanced. In this respect, treated fruits kept for eight days ripening period
were the richest ones in sugars content (15.86 & 15.97%), followed descendingly
by six days ripening period (15.49 & 15.87%), four days ripening period (15.01 &
15.16%) and finally two days ripening period (14.27 & 14.36%) in comparison with
the initial readings (zero day ripening period” which scored the lowest values of fruit
total sugars content (13.80 & 13.91%) during 2003 and 2004 seasons,
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respectively. The differences between the aforementioned ripening periods were so
high to be significant in both seasons.

With respect to specific effect of the tested ripening chemical
substances, the obtained results of total sugars content of Costata persimmon
fruits in response to the different tested ripening chemical substances reported in
Table (6) show that ethephon-treated fruits were the superior regarding their
content of total sugars (15.48 & 15.70%), followed descendingly by calcium carbide
treated fruits (15.26 & 15.48%) against (14.31 & 14.33%) for the control in 2003
and 2004 seasons, respectively. Moreover, the differences between the
aforementioned ripening substances were significant in both seasons.

Concerning specific effect of the tested treatment concentrations,
Table (6) reveals that all tested treatment concentrations succeeded in increasing
fruit total sugars content. Generally 1000 ppm ethephon treatment showed to be
the most promising one for enriching fruit content of total sugars (15.60 & 15.82%),
followed in descending order by 500 ppm ethephon treatment (15.37 & 15.59%).

On contrary, the poorest fruits in total sugars content were produced by
control treatment (14.31 & 14.33%), followed in an ascending order by 2.5 g/box
calcium carbide treatment (15.10 & 15.41%). The remained treatment (5.0 g/box
calcium carbide-treated fruits) occupied an intermediate position between the
abovementioned treatments. The differences between 500 ppm ethephon and 5.0
g/box CaC treatments were lacking from the statistical standpoint.

As for the interaction effect between ripening period, ripening chemical
substances and ripening treatment concentrations, the resulted combinations
reported in Table (6) illustrate that ripening period had the strong decision in
determining the fruit total sugars content of Costata persimmon fruits. Therefore, the
interactions of eight days ripening period induced statistically the highest fruit total
sugars content (except the control), followed descendingly by the those of six days
ripening period. On the contrary, the lowest values of fruit total sugars (%) were
recorded by the combinations of the two days ripening period “especially untreated
fruits” followed in an ascending order by four days ripening period interactions.

The improvement of fruit total sugars content due to ethephon treatment was
discussed by Kamal and Rabeh (1989) and Park et al. (1998). They concluded
that the most stricking chemical changes (fruit sweetness which occur due to
ethephon treatment and during post harvest ripening of persimmon fruits seem to
be due to the hydrolysis if starch and accumulation of sugars.
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A progressive increase in total sugars along the whole ripening period of
persimmon fruits. It seems that the most striking chemical changes which occur during
the post harvest ripening of persimmon fruits are the hydrolysis of starch and the
accumulation of sugars (Kamal and Rabeeh, 1989). The role of ethephon in
increasing fruit total sugars content may be due to the increase of glucose and fructose
content of non astringent ethephon treated fruits (Srinivasan et al., 1974).The positive
results of ethephon treatment on fruit sugar parameters are coincided with those
mentioned earlier by Srinivasan et al. (1974), Abd El-Wahab et al. (1983), Kamal
and Rabeh (1989) and Park et al. (1998) on persimmon fruits. They immersed
persimmon fruits in ethephon solution(100-2000 ppm) for different periods. They
cleared that a progressive and consistent increase in fruit total sugars content
throughout the storage period of all treatments and control. The rate of increase being
rapid in ethephon treated fruits and at the end of storage period. These fruits exhibited
higher percentages than control and highly significant differences were gained due to
the tested treatments. These results were also supported by Bal et al. (1992) on
papaya fruits, Gala et al. (2001) on banana fruits, Zora et al. (2001), Suresh and Zora
(2003) and Kulkarni et al. (2004) on mango fruits.

[[4.1.1.7. Fruit total soluble solids (TSS) percentageﬂ

Looking at specific effect of ripening period, it is worthy to notice that
prolonging the ripening period decreased the accumulation of total soluble solids in
Costata persimmon fruits. Data recorded in Table (7) emphasize this result, where
the initial readings of fruit total soluble solids recorded (26.20 & 25.60%) against
(23.27 & 22.97%) for two days ripening period, (22.45 & 21.00%) for four days
ripening period, (20.05 & 19.88%) for six days ripening period and finally (18.45 &
18.54%) for eight days ripening period during 2003 and 2004 seasons,
respectively. The differences between the aforementioned ripening periods were
obvious to reach the significance level in both seasons.

Discussing specific effect of the tested ripening substances, data
reported in Table (7) demonstrate that untreated fruits “control” were  the richest
ones in total soluble solids content (23.48 & 22.98%), followed in descending order
by calcium carbide-treated fruits (20.56 & 20.38%) and (20.34 & 19.63%) for
ethephon-treated fruits. The differences between ethephon and calcium carbide
were significant in the second season, only.
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Pointing to specific effect of the tested treatment concentrations, Table
(7) shows that all tested treatment concentrations significantly decreased the
accumulation of fruit TSS content when compared with the control in both seasons.
However, the highest fruit TSS percentages were recorded by untreated fruits
(23.48 & 22.98%), followed in descending order by 2.5 g/box calcium carbide-
treated fruits (20.88 & 20.52%), whereas, the lowest values of fruit TSS content
were scored by 1000 ppm ethephon-treated fruits (20.07 & 19.62%) in the first and
second seasons, respectively.

Considering the interaction effect between ripening period, ripening
chemical substances and ripening treatment concentrations, data in Table (7)
illustrate that the highest fruit TSS percentages were produced by the combinations
of two days repining period “particularly untreated fruit” followed descendingly by
the corresponding ones of four days ripening period. On reverse, the lowest fruit
TSS percentage were recorded by the interactions of eight days ripening period
(regardless of the untreated fruits), followed in an ascending order by the
combinations of six days ripening period.

The final negative effect of ethaphon on fruit total soluble solids content was
explained by Kamal and Rabeh (1989) and Shieh et al. (2000). They demonstrated
that ethephon treatment in spite of its positive effect on total soluble solids at the
beginning, the final result is the reduction in TSS values. This may be due to the action
of ethephon in conversion of soluble tannins into in soluble form, the matter which
directly affects TSS values. They added that the total soluble solids content of
persimmon fruits decreased gradually during the loss of astringency. The phenomenon
appears to be linked with a reduction in soluble tannin content, which tends to alter the
overall result. Loss of astringency changes soluble tannins by converting it to an
insoluble polymer, thus causing a decline in the refractometer reading.

In spite of the pronouncing effect of ethephon on increasing soluble sugars
content resulted in lower total soluble solids values in fruit juice. This may be due to
the great tendency of ethephon to convert the soluble tannins into insoluble form,
the matter which directly affects T.S.S values (kamal and Rabeh, 1989).The effect
of ethephon on fruit total soluble solids content go in line with the findings of
Rouhani et al. (1975), Kamal and Rabeh (1989) and Shiesh et al. (2000) on
persimmon fruits. They dipped the fruits in ethephon solutions at 100-200 ppm for
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different periods according to ethephon concentration. They reported that the
higher ethephon concentrations caused positive effect on total soluble solids at the
beginning, but the final result is the reduction in T.S.S. values. However, when
fruits were dipped in water (control), the reverse result was obtained. On contrast,
Abd El-Wahab et al. (1983) on persimmon fruits cv. Costata, Mann et al. (1990)
on pear fruits, Bal et al. (1992) on pawpaw fruits, Sergent et al. (1993) on mango
fruits cv. Keitt, Gala et al. (2001) on banana fruits varieties Hindi, Maghraby and
Willams, Zora et al. (2001) on mango fruits cv. Kensington, Suresh and Zora
(2003) on mango fruits cv. Kensington, and Kulkarni et al. (2004) on mango fruits
cv. Neelum. They mentioned that total soluble solids were increased during
ripening period as compared with untreated fruits " control".

The results of calcium carbide are out of line with the earlier reports of
Nagaraj et al. (1984), Ashwani et al. (1995), Guha and Bhuiyan (1997) and
Joon et al. (2001) on mango fruits cvs. Alphonso, Dashehari, Ashwina and
Dashehari, respectively. They reported that there was an increase in total soluble
solids of mango fruit as a result of treating the fruits with calcium carbide.

lﬂ 4.1.1.8. Fruit acidity percentage II

As for specific effect of ripening period, it is clear from Table (8) that the
decrease in fruit acidity (%) proportionates with the advancement of the ripening
period. The tabulated data emphasize this result, hence the initial readings of fruit
acidity i.e. before the beginning of ripening process were (0.46 & 0.44%), whereas
fruit acidity readings, two days after ripening treatments application were (0.37 &
0.37%), (0.32 & 0.30%) after four days, (0.24 & 0.24%) after six days and the
values became much lower when the ripening period extended up to eight days
(0.22 & 0.20%) during 2003 and 2004 seasons, respectively.

Looking at specific effect of the tested ripening chemical substances,
data in Table (8) reveal that fruit acidity percentages were reduced due to using the
two ripening chemical substances in comparison with the control. Ethephon
treatment recorded lower fruit acidity values (0.27 & 0.26%), followed in an
ascending order by calcium carbide treatment (0.29 & 0.26%) against (0.33 &
0.33%) for control in 2003 and 2004 seasons, respectively. Moreover, the
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differences between ethephon and calcium carbide treatments were so small to
reach the significance level.

Examining specific effect of the tested treatments concentrations,
analyzing data in Table (8) it could be concluded that all tested treatment
concentrations succeeded in decreasing fruit acidity percentage when compared
with the control in both seasons. Briefly, neither ripening substance, nor its
concentration exerted a distinctive effect on fruit acidity hence, the differences
between the concentrations of both ripening substances were lacking from the
statistical standpoint, particularly in 2004 season.

Focusing on the interaction effect between ripening period, ripening
chemical substances and ripening treatment concentrations, data presented
in Table (8) reveal that the combinations of eight days ripening period, especially
500 ppm ethephon-treated fruits in 2003 season, 1000 ppm ethephon-treated fruit
in 2004 season, recorded the lowest values of fruit acidity percentages followed in
an ascending order by the analogous ones of six days ripening period. On the
opposite, the highest fruit acidity percentages were registered by the combinations
of two days ripening period, particularly untreated fruit followed in descending order
by the corresponding ones of four days ripening period.

The decrease in fruit total acidity content with the progress of ripening duration
may be attributed to the fact that fruit acidity is used as a substrate in respiration
process. Ethephon treatment increased the loss of fruit acidity through its activation
affect on respiration rate (Kamal and Rabeh, 1989). The enhancement of total acidity
content of Costata persimmon fruits due to ethephon treatment is in harmony with
those mentioned earlier on persimmon fruit by Unrath (1972), Shaybany and Sharifi
(1973), Shanmugavelu et al. (1976) and Kamal and Rabeh (1989). They cleared that
a gradual decrease was noticed in titratable acidity of persimmon fruits due to
ethephon treatment at 250 — 2000 ppm and untreated fruits “control” through the whole
ripening period. The reduction in fruit acidity was more pronounced with ethephon
treatment and proportionated with ethephon concentration. Also, Mann et al. (1990) on
pear fruits, Gala et al. (2001) on banana fruits, Joon et al. (2001), Zora et al. (2001),
Suresh and Zora (2003) and Kulkarni et al. (2004) on mango fruits. They observed
that dipping the fruits in ethephon solutions (50 — 200 ppm) succeeded in decreasing
fruit acidity compared with the control.
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The recorded results of calcium carbide ( CaCy) in this respect are in
agreement with the findings of Nagaraj et al. (1984), Ashwani et al. (1995) and
Joon et al. (2001) on mango fruits. They realized that there was a sharp decline in
acidity of mango fruits as a result of treating the fruits with calcium carbide at 2 or 4
g/kg fruits.

|| 4.1.1.9. Fruit ascorbic acid content ||

Pointing to specific effect of ripening period, the gained data in Table (9)
show that prolonging ripening period resulted in decreasing fruit ascorbic acid
content. In this concern, the initial readings scored the highest values (17.53 &
16.32 mg/100 ml juice), followed descendingly by two days ripening period (15.43
& 14.10 mg/100 ml juice), whereas prolonging ripening period up to eight days
recorded the lowest values (7.89 & 7.46 mg/100 ml juice) during 2003 and 2004
seasons, respectively. Besides, four days and six days ripening period occupied an
intermediate position in this concern, but four days ripening period surpassed Six
days ripening period in enhancing fruit ascorbic acid content. The differences
between the studied ripening periods were so high to be significant.

With respect to specific effect of the tested ripening substances, data in
Table (9) indicate that the highest values of fruit ascorbic acid content were
registered by untreated control (13.04 & 12.61 mg/100 ml juice) in both seasons.
Moreover, in 2003 season, calcium carbide-treated fruits were richer than
ethephon-treated ones, regarding their content of ascorbic acid. Besides, in 2004
season, the picture was completely reflected. The differences between the two
tested ripening substances were significant in both seasons.

Referring to specific effect of the tested treatment concentrations, Table
(9) indicates that all tested treatment concentrations significantly decreased fruit
ascorbic acid content when compared with the control. However, the highest values of
fruit ascorbic acid content were recorded by untreated fruits “control” in both seasons.
Besides, in 2003 season, the lowest value of fruit ascorbic acid was produced by 1000
ppm ethephon treatment and the rest concentrations induced similar effect in this
respect from the statistical standpoint. On the other hand, in 2004 season, the highest
value of fruit ascorbic acid was noticed with 500 ppm ethephon treatment, whereas,
the lowest value was shown with 5.0 g/hox CaC, treatment. Other chemical
concentrations occupied similarly an intermediate position.
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Concerning the interaction effect between ripening period, ripening
chemical substances and ripening treatment concentrations, the resulted
combinations reveal that ripening period had the strong role in determining the fruit
ascorbic acid content. Consequently, two days ripening period combinations
showed to be the most promising ones in producing the highest values of fruit
ascorbic acid content especially untreated fruits (16.10 & 15.22 mg/100 ml juice)
followed in descending order by the interactions of four days ripening period. On
reverse, the lowest values of fruit ascorbic acid were scored by the combinations of
eight days ripening period (irrespective of untreated fruits) followed in an ascending
order by those of six days ripening period.

The reduction in fruit ascorbic acid content during ripening could be
attributed to the increase in ascorbate oxidase activity. Ethephon treatment
increases such oxidation process (Cardello and Cardello, 1998).

" 4.1.1.10. Fruit tannins content ||

With respect to specific effect of ripening period, it is worthy to notice
from Table (10) that the bitterness of Costata persimmon fruits declined as the
ripening period prolonged. The obtained data emphasize this result, hence the
initial readings of fruit tannins content i.e. before subjecting the fruits to the tested
ripening chemical treatments were (1.69 & 1.62 / g tannic acid/100 g fresh weight),
whereas after eight days ripening period, tannin readings showed the greatest
reduction and scored (1.24 & 1.23 g tannic acid/100 g fresh weight), followed
descendingly by six days ripening period (1.32 & 1.27 g tannic acid/100 g fresh
weight) in the first and second seasons, respectively. Moreover, two days ripening
period recorded higher values (1.53 & 1.48 g tannic acid/100 g fresh weight),
followed descendingly by four days ripening period (1.40 & 1.34g tannic acid/100 g
fresh weight) in the first and second seasons, respectively. The differences
between evaluated ripening periods were so high to be significant in both seasons.

Regarding specific effect of the studied ripening chemical substances,
data presented in Table (10) indicate that fruit tannins content was decreased by
using the two ripening chemical substances as compared with the control.
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However, ethephon-treated fruits had the lowest values of fruit tannins
content (1.32 & 1.27 g tannic acid/100 g fresh weight) followed descendingly by
calcium carbide-treated fruits (1.34 & 1.29 g tannic acid/100 g fresh weight). The
differences between the aforementioned two ripening chemical substances were so
small to reach significant level.

Referring to specific effect of the studied treatment concentrations,
data in Table (10) indicate fruit tannins content was greatly reduced by the tested
treatment concentrations as compared with control in both seasons. Shortly, in
2003 season, the higher concentration of both ethephon (1000 ppm) and calcium
carbide (5.0 g/box) induced similar and higher reductive effect on fruit tannins
content as compared with the lower concentration of the aforementioned two
ripening substances. On the other hand, in 2004 season, the concentrations of
both ethephon and calcium carbide induced similar reductive effect in this concept
from the statistical standpoint.

Pointing to the interaction effect between ripening period, ripening
chemical substances and ripening treatment concentrations, data in Table
(10) demonstrate that ripening period had the strong hand in determining fruit
tannins content of Costata persimmon fruits. Thereupon, the resulted combinations
of eight days ripening period, especially 1000 ppm ethephon treatment induced the
lowest values (1.15 & 1.14 g tannic acid/100 g fresh weight) of fruit tannins content,
followed descendingly by the analogous ones of six days ripening period. On the
opposite, the interactions of two days ripening period induced the highest values of
fruit tannins content particularly, untreated fruits followed descendingly by the
corresponding ones of four days ripening period.

The role of ethephon in the disappearance of astringency (tannins content) in
persimmon fruits may be due to the fact that tannins in the cells of treated fruits are
coagulated to insoluble tannins, hence the remarkable astringency of persimmon fruits
is due to the water soluble tannins present in the tannins cell. Besides, Hulme (1971)
mentioned that soluble tannins are fluid and easily spread over cut surfaces. Ethephon
treatment greatly accelerated the coagulation and disappearance of astringency from
persimmon fruits (Kamal and Rabeh, 1989). The reductive effect of ethephon on fruit
tannins content was explained by Park et al. (1998) and Tamura et al. (1999). They
demonstrated that in ethephon-treated fruits, the tannins in cells are coagulated to
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insoluble tannins. The higher ethephon concentrations greatly accelerated tannin
coagulation process and the disappearance of astringency of persimmon fruits. The
obtained results dealing with the reductive effect of ethephon on fruit tannins content
and astringency removal are in harmony with earlier studies of Hulme (1971), Awad
and Amenomori (1972), Srinivasan et al. (1973), Kato (1984), Kato (1987), Kamal
and Rabeh (1989), Kato (1990), Itamura et al. (1991), Taira et al. (1991), Lim et al.
(1993), Park et al. (1998) and Tamura et al. (1999). They studied the effect of
ethylene treatment from different sources i.e. ethephon, ethanol, ethylene generating
kits at different concentrations (100-5000 ppm) for different periods on the relationship
between the decrease in tannin concentration and loss of astringency of persimmon
fruits cvs. Aiumishirau, Hiratanenashi, Costata, cheongdobansi, Saijo ... etc. They
suggested that there was a relatively high correlation between the degree of
astringency and tannin concentration when fruit issue was homogenized and extracted
with 70% ethanol and then heated fruits containing about 2% tannin were slightly
astringent and those containing < 0.1% were almost non-astringent. The higher the
ethanol concentration, the shorter was not only, the time to induce reduction in tannin
concentration, but also the rate of reduction. They added that the disappearance of fruit
astringency (tannins content) was remarkable with higher ethephon concentration
(1000 and 2000 ppm).

4.1.2. Effect of some post harvest treatments on storage ability of

Costata persimmon fruits.

Effect of some post harvest treatments i.e. calcium chloride (CaCly) at 2 &
4%, active yeast suspension at 1 & 2% and sodium hypochlorite at 2% in
comparison with tap water “control” and storage duration as well as their
interactions under one out of three tested storage temperatures namely: ambient
room conditions (30 + 3°C & 65-70 % R.H. ), 5°C & 85 £ 2% R.H. and 0°C &
85 £ 2% R.H. on storage ability of Costata persimmon fruits during 2003 and 2004
seasons is reported in Tables (11-a, b and c- 20-a, b and c), exhibited in Photos
(3-9)and illustrated in Figures (5-14) and. Such effect was evaluated through the
following fruit traits, i.e. weight loss (%), decay (%), shelf-life (marketability),
firmness (Ib/inch2), carotenoids (mg/100 g F.W), total sugars (%), TSS (%), total
acidity (%), Tannins (g tannic acid/100 g F.W) and ascorbic acid (mg/ 100 ml juice).
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[[ 4.1.2.1. Weight loss percentage ﬂ

a. Storage under ambient room conditions

Firstly, it is important to notice that storage life of Costata persimmon fruits
under ambient room conditions extended up to twenty one and fourteen days in
2003 and 2004 seasons, respectively. As for specific effect of storage period, it
is quite clear from Table (11.a) the Costata persimmon fruits showed loss in their
weight with the advancement of storage period. The gained data indicate this
result, hence the highest reduction in fruit weight percentage was recorded after
twenty one days and fourteen days storage duration under ambient room
conditions in the first and second seasons, respectively.

On the other hand, the lowest weight percentage was scored after seven
days storage period in both seasons.

With regard to specific effect of the tested post harvest treatments, the
statistical analysis indicates that there was indistinctive trend regarding the
response of weight loss percentage to the studied post-harvest treatments
throughout the course of study. One can conclude that in 2003 season, the highest
fruit weight loss percentage were recorded by 1% yeast-treated fruits (14.23)
followed equally by tap water-treated fruits “control” (13.98), 2% NaOCl-treated
fruits (13.93) and 4% CaCly-treated ones (13.83). On contrary, 2% CaClo-treated
fruits scored the lowest values (12.24%) in this concern. On the other hand, in the
second season, 2% yeast-treated fruits recorded the highest weight loss
percentage (11.32) followed descendingly by both 1% yeast-treated ones and
water-treated fruits “control”. The remained treatments occupied an intermediate
position and scored statistically similar values in this respect.

Referring to interaction effect between storage period and tested post
harvest treatments, data presented in Table (11.a) and illustrated in Fig (5) show that
the interactions of seven days storage duration under ambient room conditions
recorded statistically the lowest percentages of weight loss especially, tap water-
treated fruits in the first season and 2% NaOCl-treated ones in the second season. On
the opposite, the highest percentage of weight loss was observed those of twenty one
days storage duration combinations ,particularly those treated with tap water “control”
in 2003 season, followed descendingly by the combinations of fourteen days storage
duration in 2004 season, particularly, those treated with 2 and 1% yeast treatments.
The rest combinations showed an intermediate values in this concern.
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b. Cold storage at 5°C

One can observe that storability of Costata persimmon fruits under cold
storage (5 or 0°C) extended up to forty two days in 2003 and 2004 seasons.
Looking at specific effect of storage period, tabulated data indicate that weight
loss percentage was steadily increased as the storage period prolonged, (Table
11.b). So, forty two days cold storage duration registered significantly the highest
weight loss percentages (9.63 & 10.41), followed descendingly by thirty five days
cold storage period (7.28 & 7.28) during 2003 and 2004 seasons, respectively. On
contrary, the lowest weight loss percentages (1.37 & 1.47) were recorded by seven
days cold storage duration followed ascendingly by fourteen days cold storage
period (2.95 & 3.04) in the first and second seasons, respectively. The rest storage
periods came inbetween in this sphere in both seasons of this study.

Discussing specific effect of the tested post harvest treatments, it is
worthily to notice that in 2003 season, all the tested treatments including the control
failed to affect weight loss percentage, with the exception of 2% NaOCI treatment
(5.04) which scored statistically lower value of fruit weight loss percentage.
Moreover, in 2004 season, 4% CaCl, treatment showed to be the superior one in
producing the lowest weight loss percentage (5.31), whereas 2% yeast treatment
showed the highest weight loss percentage (5.51). Other tested treatments showed
more or less similar values in this respect.

Considering the interaction effect between storage period and the
tested post harvest treatments, Table (11.b) and Figures (6&7) demonstrate that
the interactions of seven days cold storage duration recorded statistically the
lowest percentages of fruit weight loss, particularly 2% NaOClI-treated fruits (1.28)
in 2003 season and 4% CaCl,-treated fruits (1.37) in 2004 season. On the
opposite, the highest percentages of fruit weight loss were produced by forty two
days storage duration interactions, especially 2% yeast-treated fruits and 1%
yeast-treated ones in 2003 and 2004 seasons, respectively. The other interactions
of storage periods occupied an intermediate positions between the
abovementioned two categories.
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c. Cold storage at 0°C

With regard to the specific effect of storage period, Table (11.c)
demonstrates that fruit weight loss percentage was increased as the storage period
prolonged under cold storage at 0°C in both seasons of this study. The obtained
data explain this result, hence seven days cold storage duration scored the lowest
fruit weight loss percentages (1.26 & 1.28), whereas fourteen days cold storage
period recorded (2.58 & 2.69), besides (3.98 & 4.30) for twenty one days cold
storage duration, (5.23 & 5.65) for twenty eight days cold storage period, (6.75 &
7.06) for thirty five days cold storage duration and lastly (9.12 & 10.07) for forty
days cold storage duration, in the first and second seasons, respectively. The
differences between the evaluated storage periods were so high to be significant.

Concerning specific effect of the tested post harvest treatment, Table
(11.c) illustrates that in both season, 4% CacCl, treatment proved to be the most
efficient treatment in reducing weight loss percentage, followed descendingly by
2% NaOCl treatment. Anyhow, the differences between these treatments were so
small to reach the significance level. Moreover, 2% yeast treatment scored
significantly the highest fruit weight loss percentage in 2003 season, but in 2004
season 2% CacCl, exerted such effect, followed descendingly by tap water “control”
and 2% yeast treatments without significant differences.

With respect to the interaction effect between storage period and
tested post harvest treatments, it is obvious from Table (11.c) and Figures (8&9)
that the interactions of seven days cold storage duration induced the lowest fruit
weight loss percentages, especially 4% CacCl,- treated fruits and 2% NaOCl-treated
ones in 2003 and 2004 seasons, respectively. On contrary, the highest fruit weight
loss percentages were registered by the interactions of forty two cold storage
period, particularly tap water-treated fruits “control” and 2% CaCl,-treated ones in
the first and second seasons, respectively. The remained interactions of the tested
storage periods came inbetween in both seasons.

The weight loss is mainly a result of water loss from the fruit tissues and partially
of the respiration process. The higher, the storage temperature, the higher are the
respiration rate and weight loss (Gac, 1955). He mentioned that the higher the air
temperature, the more is water loss because of its capacity to evaporate water. Also,
the higher the temperature of the fruit, the greater is its tendency to lose moisture.
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The obtained results of calcium as a post harvest treatment in the form of
Ca(NO3), at 1-3 % ,Ca(OH). at 1-3 % CaSO, and CaCl at 1-8 % which illustrate its
affect on reducing weight loss percentage of Costata persimmon fruits during
storage duration go in line with analogous ones mentioned by Mootoo (1991) on
mango fruits cv. Julie, Salem and El-Khoreiby (1991) on grapefruits cv. Marsh, Mir
et al. (1993) on apple fruits cv. Red Delicious, Akl et al. (1995) on pear fruits cv.
Le Conte, Bhartiya et al. (1998) on apple fruits cv. Red Delicious, Mehaisen
(1999) on pear fruits cv. Le Conte, EL-Zaabalawy (2001) on date fruits cvs.
Zaghloul, Hayani and Samani, Choudhury et al. (2003) on sapota fruits cv. Pala,
Ali (2005) on persimmon fruits cv. Costata and Shaaban (2006) on guava fruits
cv. Maamoura. Moreover, the results of yeast go in line with those stated by
sugar (1992) and Mehaisen (1999).

Finally, the obtained results of NaOCI are coincided with findings of Nnodu
and Nwankiti (1986) and Mehaisen (1999). They reported that dipping yam tubers
in sodium hypochlorite solution (NaOCI) at 10 % and Le Conte pear fruits at 1-5%
as a post harvest treatments succeeded in decreasing the weight loss percentage
as compared with the control.

4.1.2.2. Fruit decay percentage ”

a. Storage under ambient room conditions

Analyzing specific effect of storage period, Table (12.a) shows that fruit
decay percentage was increased as the storage period prolonged, hence seven
days storage period under ambient room conditions scored the lowest values
(15.83 & 18.10%), followed ascendingly by fourteen days storage period (46.90 &
51.37%) in the first and second seasons, respectively. Lastly, the greatest fruit
decay percentage was gained after twenty one days storage period under ambient
room in the first season, only (70.15%).

Respecting specific effect of the studied post harvest treatments, data
reported in Table (12.a) indicate that all tested post harvest treatments induced
similar effect on fruit decay percentage in comparison with the control in both
seasons from the statistical standpoint.
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As for the interaction effect between storage period and the tested post
harvest treatments, the reported data in Table (12.a), exhibited in Photos (3 & 4)
and illustrated in Fig (10) show that the lowest fruit decay percentages were
recorded by the interactions of seven days storage period, particularly those
interacted with 2% NaOCl and 2% CaCl, treatments in the first and second
seasons, respectively.

Costata - Initial

Photo (3): Costata persimmon fruits prior to some post harvest treatments
application and storage at different storage temperature.
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Costata after 7 days (at ambient room)

Photo (4): Physical changes in post harvest treated Costata persimmon fruits
during storage under ambient room.
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On contrary, the highest fruit decay percentages were recorded by the
interactions of twenty one days storage duration in 2003 season especially 2% NaOCl-
treated fruits. Besides, the interactions of fourteen days storage period, particularly 1%
yeast-treated fruits in 2004 season scored high fruit decay percentage. The rest
interactions of the storage periods came inbetween in both seasons, but the
differences within each specific column were insignificant.

b. Cold storage at 5°C

Looking to specific effect of storage period, Table (12.b) demonstrates that
there was a steadily increment in decay percentage with prolonging the storage period
in both seasons.

Thereupon, cold storage for forty two days at 5°C reduced the storability of
Costata persimmon fruits, hence it registered the highest fruit decay percentages
(54.73 & 54.27) when compared with the corresponding ones, cold stored for seven
days (0.0 & 0.0) or fourteen days (4.76 & 4.69). The rest storage periods came
inbetween in this concept in both seasons. The differences between the studied
storage periods were pronounced to be significant.

Referring to the specific effect of the post harvest treatments, Table (12.h)
shows that the statistical analysis indicate that 2% NaOClI- treated fruits showed to be
the most effective treatment in producing the lowest fruit decay percentages, while 2%
yeast-treated fruits had higher fruit decay percentages in both seasons. Moreover, 2 &
4% CaCly-treated fruits exerted similar and prospective effect in reducing fruit decay
percentage when compared with tap water-treated fruits “control”. Besides, 1 & 2%
yeast treatments induced similar effect to that of the control from the statistical
standpoint.

Regarding the interaction effect between storage period and tested post
harvest treatments, it is clear from Table (12.b), Photos (5 &6) and Figures (11&12)
that the interactions of forty two days storage period scored higher fruit decay
percentages in comparison with the corresponding ones of thirty five days, twenty eight
days, twenty one days and fourteen days storage durations in descending order. The
differences within each storage duration in most cases were significant. Generally, all
interactions of seven days storage duration produced healthy fruits free from decay
fruits and recorded zero decay percentage. On the opposite, all interactions of forty two
days storage duration, particularly 1 & 2% yeast- treated fruits in 2003 and 2004
seasons, respectively recorded statistically the highest fruit decay percentage. The
remained interactions registered inbetween values in this concern.
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Costata after 7 days (at 5°C)
Costata after 21 days (at 5°C)
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Photo (5): Physical changes in post harvest treated Costata persimmon fruits
during cold storage (7, 14 and 21 days) at 5°C.
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Costata after 28 days (at 5°C)
Costata after 35 days (at 5°C)
Costata after 42 days (at 5°C)
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NaOCI

Control

Photo (6): Physical changes in post harvest treated Costata persimmon fruits
during cold storage (28, 35 and 42 days) at 5°C.
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c. Cold storage at 0°C

Evaluating specific effect of storage period, data presented in Table
(12.c) illustrate that fruit decay percentage showed a steadily increment with
extending the storage duration in both season of this study. However, forty two
days cold storage at 0°C scored significantly the highest fruit decay percentages
(52.37 & 54.04), followed descendingly by those cold stored for thirty five days
(35.72 & 37.08). On the other hand, seven days cold storage duration produced
statistically the lowest fruit decay percentages (0.0 & 0.0), followed ascendingly by
fourteen days storage period cold storage (4.17 & 3.95) in the first and second
seasons, respectively. The rest storage periods came inbetween the aforesaid
storage durations.

With regard to specific effect of the tested post harvest treatments,
Table (12.c) indicates that tap water-treated fruits statistically recorded the highest
fruit decay percentages (21.54 & 22.69)in both seasons. On contrary the lowest
fruit decay percentages were recorded by 4% CaCl,-treated fruits (19.29 & 19.83)
in the first and second season, respectively. Moreover, 2% NaOCI-treated fruits
and 2% CaCly-treated ones in 2003 and 2004 seasons, respectively exerted similar
and lower fruit decay percentages.

Examining the interaction effect between storage period and the tested
post harvest treatments, reported data in Table (12.c), exhibited in Photos (7& 8)
and illustrated in Figures (13&14) show that the interactions of forty two days cold
storage durations statistically induced the lowest fruit decay percentages,
especially 2% NaOCI treatment (3.67 & 3.51), besides 4 & 2% CacCl, in 2003 and
2004 seasons, respectively induced similar and higher prospective affect in
reducing fruit decay percentages.

On reverse, the interactions of forty two days cold storage period showed
the highest fruit decay percentages, particularly those interacted with 1% yeast
suspension treatment (54.03 & 57.44). Moreover, tap water treatment and 2%
yeast treatment exerted similar and higher effect in increasing fruit decay
percentage in both seasons of this study. Generally, the interactions of storage
periods could be descendingly arranged regarding their positive effect on fruit
decay percentage as follows: 7, 14, 21, 28, 35 and 42 days. The differences
between the different storage period interactions were significant.
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Costata after 7 days (at 0°C)
Costata after 14 days (at 0°C)
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Photo (7): Physical changes in post harvest treated Costata persimmon fruits
during cold storage (7, 14 and 21 days) at 0°C.
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Costata after 42 days (at 0°C)
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Costata after 28 days (at 0°C)

Photo (8): Physical changes in post harvest treated Costata persimmon fruits
during cold storage (28, 35 and 42 days) at 0°C.
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The role of cold storage in reducing decay percentage could be explained by
the fact that the chemical reactions associated with respiration result in the
production of heat. The amount of heat generated varies with the commaodity and
with its temperature. In general, the respiration rate increases two-four times for
each 10°C increase in temperature. Thus, more heat is produced at high
temperatures and less at low temperature at which the product is stored. Microbial
organisms also are more active at high than low temperature. Therefore, cold
storage is required to reduce this generation of heat and turn fruit decay
(Sornsrivichai et al., 1990).

In addition, the role of calcium chloride in reducing the decay percentage
may be due to the fact that calcium appears to have an important regulating role in
the metabolism of persimmon fruits-metabolic disorders. Such disorders are all
severity reduced if calcium is present in sufficiently high quantities in fruit. Several
of fruit disorders are associated with the high rate of respiration or over maturity of
the fruit. This suggest that calcium may regulate respiration and perhaps other
metabolic processes in the mature fruit. Also, it is evident that calcium is indeed
involved in regulating the fruit (Miklos Faust and Chear, 1972). The results of
CaCly in this respect are in harmony with earlier works of Sams et al. (1993)on
apple fruits cv. Golden Delicious, Montasser et al. (1993), Akl et al. (1995) on
pear fruits cv. Le Conte, Daood (1995) on date fruits cv. Zaghloul, Saftner et al.
(1998) on apple fruits cv. Golden Delicious, Mehaisen (1999) on pear fruits cv. Le
Conte, EL-Zaabalawy (2001) on date fruits cvs. Zaghloul, Hayani and Samani,
Choudhury et al. (2003) on sapota fruits cv. Pala, Gautam et al. (2003) on mango
fruits cv. Bangapalli, Tajinder et al. (2003) on pear fruits cv. Patharnakh and
Shaaban (2006) on guava fruits cv. Maamoura.

Furthermore, the role of yeast in reducing the decay may be through its
mechanism in biological control (Sugar et al., 1994). The gained results of yeast in
this respect go in line with findings of Stretch (1989) on blueberry and cranberry
fruits, Cheah et al. (1994) on kiwi fruits, Kampp and Sass (1994) on apple
fruits, Sugar et al., (1994) on Bosc pear fruits, EI-Neshawy and Michalczuk
(1999)on apricot cv. Amaar and Sharma and Bhardwaj (2000)on apple fruits.
They postulated that yeast treatments succeeded in protecting the fruits from
decay.
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The recorded results of NaOCI go in line with findings of Nguyen and Souty
(1985), Roberts and Reymond (1989), Mohammed et al. (1991), Mehaisen (1999)
and Ray and Byju (2003). They concluded that sodium hypochlorite as a post harvest
treatment was very effective in controlling diseases and rots and decreasing fruit decay
percentage of peach, Red Delicious apple and "Le Conte" pear, respectively.

4.1.2.3. Fruit shelf life “fruit marketability” ”

Effect of some post harvest treatments i.e. calcium chloride at 2 and 4%, active
yeast suspension at 1 and 2% and sodium hypochlorite at 2% in comparison with the
control on shelf life (number of days that cold stored fruits at 5 or 0°C for forty two days
could sustain ambient room conditions) of Costata persimmon fruits is illustrated in
Table (13) and Photo (9).

Briefly, owing to the fluctuation of shelf life’s trend i.e. the response to tested
post harvest treatment from one season to another, it is preferable to discuss such
trend on the basis of the average of two seasons. Consequently, it is easy to notice
that shelf life of 0°C cold stored fruits is shorter than the analogous ones of 5°C cold
stored fruits.

As for shelf life of cold stored Costata persimmon fruits at 5°C for forty two days,
Table (13) illustrates that 2 and 4% CaCl2 and 2% NaOCI treatments induced
statistically similar and prospective effect on enhancing shelf life in comparison with the
control and 1 & 2% active yeast suspension treatments. On the other hand, shelf life of
cold stored Costata persimmon fruits at 0°C for forty two days, Table (13)
demonstrates that both 4% CaCl2 and 2% NaOClI treatments proved to be the superior
ones in enhancing shelf life, followed by 2% CaClI2 and 1% active yeast suspension.
On contrary, control and 2% active yeast suspension treatments scored high values of
decayed fruits. The results achieved by calcium chloride in this respect are in
agreement with the findings of Akl et al. (1995) on pear fruits cv. “Le Conte”,
Suntharalingams (1996) on mango fruits cv. Willard, Abdul et al. (1997) on mango
fruits cvs. Fazli and Ashwina, Mehaisen (1999) on pear fruits cv. “Le Conte”,
Jagadeesh et al. (2001) guava fruits cv. Sardar, Choudhury et al. (2003) on sapota
fruits cv. Pala and Gautam et al. (2003) on mango fruits cv. Bangapalli. They
mentioned that Ca-treatments succeeded in increasing the shelf life when compared
with control. On contrary Freire and Chitarra (1999) realized that calcium chloride
application did not increase fruit shelf-life.
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Costats-after 42 days (at 5°C)
Post storage marketability (after 4 days)

Costats-after 42 days (at 0°C)

Post storage marketability (after 4 days)

2% 2% 4% 1%
Control NaOCI Cacl, Yeast

Photo (9): Effect of some post harvest treatment on post storage
marketability (shelf life) of Costata persimmon fruits during
storage at (0 & 5 °C).

The obtained results of active yeast suspension as a post harvest treatment
IS in accordance with those mentioned by Sugar et al.(1994) on mango and
Mehaisen (1999) on pear fruits cv. “Le Conte”. They mentioned that active yeast
suspension induced loss enhancing effect on shelf life of cold stored fruits.

The obtained results of sodium hypochlorite coincided with the findings of
Mehaisen (1999) on pear fruits cv. “Le Conte”.
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H 4.1.2.4. Fruit Firmness (Ib/inch?) ﬂ

a. Storage under ambient room conditions

Concerning specific effect of storage period, it is clear from Table (14.a)
that Costata persimmon fruits showed gradual loss in their firmness with the
advancement of storage period.

The obtained results indicate this fact, hence, the initial readings of fruit
firmness i.e. before subjecting to room storage were (6.80 & 6.10 Ib/inch?),
whereas after seven days room storage, the readings showed a marked reduction
and scored (3.89 & 4.06 Ib/inch?). Besides, fourteen days room storage recorded a
further lower values of fruit firmness (1.85 & 1.84 Ib/inch?) in the first and second
seasons, respectively. Finally, the greatest reduction of fruit firmness were
recorded after twenty one days in the first season. The differences between the
studied storage periods were significant.

Regarding specific effect of the studied post harvest treatments, data in
Table (14.a) show that in the first season all tested treatments including the control
induced similar effect in this respect. Meanwhile, in the second season, 4% CaCly-
treated fruits induced the highest value in this respect (3.23 Ibfinch? when
compared with other treatments especially, 2% yeast-treated fruits which exerted
the lowest values in this concern (2.70 Ib/inch?).

As for the interaction effect between the tested post harvest treatments
and storage period, it is easy to realize that the freshly harvested fruits i.e. before
storage under ambient room conditions were more firm than those kept under
ambient for seven day or fourteen days in both seasons or twenty one days in the
first season. Additionally, the lowest values were noticed with the interactions of
twenty one days storage duration in 2003 season, especially tap water-treated
fruits (control), while in 2004 season, the lowest firmness were recorded when the
fruits stored under ambient room conditions for fourteen days, particularly 2%
NaOCl-treated fruits.
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b. Cold storage at 5°C

With regard to specific effect of storage period, data reported in Table
(14.b) illustrate that there was reverable correlation between fruit firmness and
storage duration. Thereupon, fruit firmness showed a remarkable decrease as the
storage period advanced. In this respect, the initial fruit firmness value for those
kept zero day under cold storage (5°C) scored (6.80 & 6.10 Ib/inch?) against (5.50
& 4.96 Ib/inch?) for those stored for seven days and (4.68 & 4.18 Ib/inch?) for those
cold stored for fourteen days in 2003 and 2004 seasons, respectively. Lastly, the
lowest fruit firmness were produced by cold stored for forty two days (1.62 & 2.06
Ib/inch?) in the first and second seasons, respectively. The differences between all
storage periods were pronounced to be significant.

As for specific effect of the tested treatments, results in Table (14.b)
declare that 4% CaCl,-treated fruits approved to be the most effective treatment for
recorded the highest values of fruit firmness (4.00 & 3.58 Ib/inch?), whereas the
lowest values of fruit firmness were produced by tap water-treated fruits in the first
season (3.22 Ib/inch?) and 1% yeast-treated fruits in the second one (3.09 Ib/inch?).
The rest treatments occupied an intermediate position between the
abovementioned treatments in both season.

Examining interaction effect between storage period and the tested
treatments, data presented in Table (14.b) show that irrespective of the initial
readings, the interactions of seven days storage period registered the highest
values of fruit firmness, especially 4% CaCl,- treated fruits in the first season (6.17
Ib/finch?) and 2% yeast-treated fruits in the second one (5.30 Ib/inch?), followed
descendingly by the interactions of fourteen days storage periods, particularly 4%
CaCly- treated fruits in the first season and 2% NaOCl-treated fruits in the second
one.

On contrary, the lowest values of fruit firmness were recorded by the
interactions of forty two days storage period, especially 1% yeast-treated fruits
(1.53 & 1.73 Ib/inch?) in both seasons. The other values came inbetween. The
differences between the different storage period interactions were significant and
within each specific storage period were in most cases insignificant.
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c. Cold storage at 0°C

Referring to specific effect of storage period, Table (14.c) demonstrates
that fruit firmness decreased as storage period prolonged. The disclosed data
indicate this result, hence the initial readings of fruit firmness scored (6.80 & 6.10
Ib/inch?) against (5.59 & 5.21 Ib/inch?) for those kept for seven days under cold
storage (0°C) in the first and second seasons, respectively. The lowest fruit
firmness (1.78 & 1.93 Ib/inch?) were produced by cold stored fruits for forty two
days during 2003 and 2004 seasons, respectively. The differences between the
aforementioned storage periods were so high to be significant.

Looking at specific effect of some post harvest treatments, Table (14.c)
declares that 2% NaOCI and 4% CaCl>-treated fruits induced statistically the
highest values in comparison with other tested treatments. On reverse, 1% yeast
suspension treatment in 2003 season and 2% CaCl, treatment in 2004 season
induced the lowest fruit firmness. The other tested treatments came inbetween the
previously mentioned two categories.

As for the interaction effect between the tested treatment and storage
period, it is easy to realize that the freshly harvested fruits i.e. before subjecting to
cold storage were more firm than those kept under cold storage for forty two days
or lesser up to seven days. Generally, irrespective of the initial readings, the
highest values of fruit firmness were gained by the interactions of seven days
storage period especially, 4% CaCl,-treated fruits (6.03 & 5.47 Ib/inch?) in both
seasons. On the opposite, the lowest fruit firmness were produced the interactions
of forty two days storage period, particularly 2% yeast suspension-treated fruits in
the first season, and tap water-treated fruits “control” in the second one. The other
interactions came inbetween the abovementioned treatments.

Conclusively, fruit firmness decreased gradually with storage period, as the
rate of degradation of insoluble protopectins to more soluble pectins increased with
the progress of storage period. Also, pectin estrase activity is expected to increase
progressively during storage and as a result peel and pulp hardness decreased
during storage. Besides the reduction in fruit firmness during storage was time and
temperature dependent. Negative correlation between fruit firmness and both
storage temperature and storage period (Ponomarer, 1968).
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The role of calcium chloride in enhancing fruit firmness during storage may
be attributed to the fact that the exogenous Ca** was incorporated into protopectin
molecule in the middle membrane and retarded hydrolysis during post-harvest
ripening, inhibited fruit softening and extended storability (Bantch and
Arasimovich, 1993). The recorded results of CaCl, dealing with their prospective
affect on reducing the rate of loss of fruit firmness are in harmony with earlier
studies of Mir et al. (1993) on apple fruits cv. Red Delicious, Souty et al. (1995) on
apricot fruits, Ait-Oubahou et al. (1995) on five apple cultivars, Pirmoradian and
Babalar (1995) on apple fruits cv. Red Delicious, Suntharalingam (1996) on
mango fruits cv. Willard, Farooq et al. (1999) on pear fruits cv. Bartlett, Nickhah
et al. (1999) on pear fruits, Tajinder et al. (2003) on pear fruits cv. Patharnakh
and Ali (2005) on persimmon fruits cv. Costata.

The results of active yeast suspension are in harmony with those mentioned by
Sugar (1992) and Mehaisen (1999). They declared that active yeast suspension as a
post harvest treatment failed to induce a promising affect on fruit firmness.

Furthermore, Sandhu and Randhawa (1992) and Mehaisen (1999)
emphasized the obtained result of NaOCIl in this concern mentioned sodium
hypochlorite at 1.5-2 % as a post harvest treatment was effective in improving fruit
firmness.

H 4.1.2.5. Pulp carotenoids content ”

a. Storage under ambient room conditions

Looking at specific effect of storage period, data presented in Table
(15.a) illustrate that out of all tested storage periods the initial storage period (zero
day storage) scored the lowest values of fruit carotenoids content (2.34 & 2.45
mg/100 g fresh weight). Results of the storage period show that fruit pulp
carotenoids content (mg/100 g fresh weight) increased as the storage period
prolonged, thereupon the highest fruit pulp carotenoids content (2.83 mg/100 g
fresh weight) were recorded by twenty one days stored fruits in 2003 season and
(2.74 mg/100 g fresh weight) by fourteen days stored fruit in 2004 season. On
reverse, seven days stored fruits scored the lowest values of fruit pulp carotenoids
content (2.63 & 2.63 mg/100 g fresh weight) in 2003 and 2004 seasons,
respectively (irrespective of the initial reading).
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Pointing to specific effect of the tested post harvest treatments, the
statistical analysis (Table, 15.a) demonstrate that there was indistinctive trend
regarding the response of fruit pulp carotenoids content to the studied post harvest
treatments throughout the course of study. One can conclusively say that 2%
NaOCl-treated fruit produced the richest fruits in pulp carotenoids content (2.81
mg/100 g fresh weight) in 2003 season, while 2% yeast-treated fruits showed its
superiority (2.79 mg/100 g fresh weight) in this concern in 2004 season. On
contrary, the lowest values of this parameter were gained by 2% yeast-treated
fruits (2.70 mg/100 g fresh weight) in the first season and 2 & 4% CaCly-treated
fruits (2.66 mg/100 g fresh weight) in the second one.

As for the interaction effect between the tested treatments and storage
period, tabulated data indicate that the interactions of twenty one days storage period
in the first season dominated the analogous ones of fourteen days storage period and
the later ones in both season surpassed the corresponding ones of seven days storage
period in enhancing fruit pulp carotenoids content. On the other hand, the freshly
harvested fruits (zero day storage) registered the lowest values in this sphere.
Generally, 2% NaOCl-treated fruits stored for twenty one days under ambient room
conditions in 2003 season and 2% yeast-treated fruits kept for fourteen days under
ambient room conditions in 2004 season, recorded the highest fruit pulp carotenoids
content. Meanwhile, the lowest values of fruit carotenoids content were registered by
2% yeast-treated fruits kept under ambient room conditions for seven days in 2003
season and 2% CaClo-treated ones in 2004 season.

b. Cold storage at 5°C

Discussing specific effect of storage period, Table (15.b) indicates that
evaluated storage periods could be arranged in ascendingly regarding their positive
effect on pulp carotenoids content as follows: zero day storage period (2.34 & 2.45
mg/100 g fresh weight), seven days (2.43 & 2.48 mg/100 g fresh weight), fourteen
days (2.52 & 2.53 mg/100 g fresh weight), twenty one days (2.60 & 2.58 mg/100 g
fresh weight), twenty eight days (2.64 & 2.62 mg/100 g fresh weight), thirty five
days (2.65 & 2.67 mg/100 g fresh weight) and forty two days (2.66 & 2.71 mg/100 g
fresh weight) during 2003 and 2004 season, respectively. The differences between
the most aforementioned storage periods were obvious to be significant.
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Referring to specific effect of tested post harvest treatments, the
statistical analysis illustrate that the effect of these treatments changed from one
season to another. In this field, in 2003 season, 1% yeast treatment dominated all
tested treatments in exhibiting positive effect on pulp carotenoids content.
Moreover, tap water, 2% CaCl, and 2% yeast treatments induced statistically
similar values and higher positive effect on pulp carotenoids content than 4% CacCl,
treatment. On reverse, in 2004 season 2% NaOCI| and 1% yeast treatments scored
the highest values of pulp carotenoids content, whereas the lowest value was
noticed with 2% CacCl, treatment. Other treatments gave nearly similar values with
non significant differences.

Examining the interaction effect between post harvest treatments and
storage period, tabulated data demonstrate that the interactions of forty two days
storage period surpassed the analogous ones of other studied storage periods in
enhancing pulp carotenoids content. On the other hand, the interactions of seven
days storage period registered the lowest values in this sphere. Briefly, tap water
“control” and 4% CaClx-treated fruits in 2003 season and 2% CaCl,-treated fruits in
2004 season stored for seven days scored the lowest values of pulp carotenoids,
whereas untreated fruits in 2003 season and 1% yeast-treated fruits in 2004
season stored under 5°C for forty two days gave the highest values of pulp
carotenoids content. Other interactions took an intermediate positions between the
aforementioned two categories.

c. Cold storage at 0°C

As for specific effect of storage period, Table (15.c) shows that
prolonging the storage period increased fruit pulp carotenoids content. In this
respect, cold storage of Costata persimmon fruits at 0°C for forty two days induced
the highest positive effect on pulp carotenoids content (2.75 & 2.79 mg/100 g fresh
weight) compared with the analogous freshly harvested fruits (zero days storage)
I.e. initial readings (2.34 & 2.45 mg/100 g fresh weight) in 2003 and 2004 seasons,
respectively. The remained studied storage periods occupied intermediate place
between aforesaid categories in both seasons of this study. The differences
between the most storage period were significant.
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Pointing to specific effect of tested treatments, it is worthily to observe
that 2% CaCl,, 1% yeast and 2% NaOCl-treated fruits were the richest ones
regarding pulp carotenoids content in the first season and the second one,
respectively. On contrary, 4% CaCl,-treated fruits in both seasons showed to be
the poorest ones of pulp carotenoids content. The rest treatments came inbetween
in this concern without significant differences in most cases.

Focusing on the interaction effect between test post harvest
treatment and storage period, Table (15.c) reveals that in most cases, the
highest reading of fruit pulp carotenoids content were noticed in descending order
with interactions of forty two days storage period, thirty five days, twenty eight
days, twenty one days, fourteen days and finally the interactions of seven days
storage period.

However, 2% CaCl, and 1% yeast suspension-treated fruits stored at 0°C
for forty two days scored the highest values of fruit pulp carotenoids content.
Besides, the lowest values were produced by the interactions of seven days
storage period with 4% CaCly in both seasons. Other interactions recorded
inbetween values, but the differences within each specific column were in most
cases insignificant.

The obtained results dealing with the reduction of fruit chlorophyll and
appearance of fruit carotenoids during storage due to post harvest treatments with
CaCly at 2- up to 8% go in line with the findings of Suntharalingam (1996) on
Willard mango fruits and Farooq et al. (1999) on Bartlett pear fruits. On contraty,
Mahajan and Sharma (1995) reported that CaCl, at 6% as a post harvest
treatment resulted in improving fruit colour of mango fruits cv. Dashehari.
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“ 4.1.2.6. Fruit total sugars content ”

a. Storage under ambient room conditions

Concerning specific effect of storage period, Table (16.a) show that fruit
total sugars content was increased as the storage period advanced. The obtained
data illustrate this result, hence the initial storage period (zero day storage)
registered the lowest values of fruit total sugars content (14.53 & 14.37%), whereas
seven days stored fruit recorded (16.08 & 16.10%) in 2003 and 2004 seasons,
respectively. However, the greatest total sugars content was scored after twenty
one days storage period (16.63%) in the first season and after fourteen days
storage period (16.72%) in the second one.

With regard to specific effect of the tested post harvest_treatments, it is
clear from Table (16.a) that in both seasons, the highest fruit total sugars content
was gained by active yeast suspension treatment at 2% as it gave 16.56 & 16.76%
in both seasons.

On contrary, the lowest fruit sugars content was obtained by 2% NaOCI
treatment as it (16.26 & 16.07%) in both seasons. The other tested treatments
showed inbetween values in this respect.

Examining the interaction effect between treatments and storage
period, it is obvious from Table (16.a) that freshly harvested fruits had lesser total
sugars content than those stored under ambient room conditions for twenty one
days, fourteen days or seven days storage duration. However, the highest values
of fruit total sugars content were noticed with the interactions of twenty one days
storage in the first season, especially the interaction of 2% yeast treatment, while in
the second season the interactions of fourteen days storage showed superiority in
this concern, particularly the combination of tap water “control”. On contrary,
irrespective of zero day storage period, the lowest values of fruits total sugars
content were producing by the interactions of seven days storage period especially
2% NaOCl-treated fruits in both seasons of this work. The other combinations
occupied an intermediate position between the abovementioned combination
categories.
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b. Cold storage at 5°C

With respect to specific effect of storage period, data reported in Table
(16.b) reveal that fruit total sugars content was gradually increased as the storage
period prolonged. The initial fruit total sugars readings i.e. before storage period
(zero day storage) were (14.53 & 14.37%). Generally, the richest fruits reading total
sugars content were produced by cold stored fruits for forty two days. On the other
hand, irrespective of initial readings, the poorest fruits in their content of total
sugars were cold stored fruits for seven days in both seasons.

Considering specific effect of the tested treatments, tabulated data
llustrate that 1% yeast treatment fruits showed to be the most effective one in
enhancing fruit total sugars content (16.14%) in the first season and 2% yeast
treatment (16.11%). On reverse, the lowest values (16.02 & 15.92%) of this
parameter were scored by 4% CaCl, treatment in both seasons.

As for the interaction effect between the storage period and the studied
post harvest treatments, tabulated data declare that as the storage period
prolonged, the fruit total sugars content increased irrespective of the effect of the
tested post harvest treatments. Thereupon, the interactions of seven days storage
period (regardless of initial storage period) recorded the lowest fruit total sugars
values especially, 2% yeast-treated fruits in 2003 season and 2% NaOCl-treated
ones in 2004 season. On contrary, the highest fruit total sugars values were
observed by the interactions of forty two days storage duration under 5°C cold
storage, particularly 1% yeast-treated fruits and 2% yeast-treated fruits in the first
and second seasons, respectively. The differences between the interactions were
significant in both seasons of study.
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c. Cold storage at 0°C

Concerning specific effect of storage period, it is clear from Table
(16.c) that there is a positive correlation between fruit total sugars content and
storage duration, hence fruit total sugars content showed a steadily increase as the
storage period advanced. However, cold stored fruits for forty two days scored the
highest fruit total sugars values (16.57 & 16.58%) when compared with the values
of initial readings (14.53 & 14.37%) or seven days storage period (15.07 &
15.02%).

Besides, the storage periods could be descendingly arranged regarding their
positive effect on fruit total sugar content as follows: forty two days, thirty five days,
twenty eight days, twenty one days, fourteen days and seven days. The differences
between all evaluated storage periods were significant in both seasons.

Referring to specific effect of tested treatments, it was obvious from
Table (16-c) that 2% yeast and 2% NaOCI treatments were the most promising
treatments for enhancing fruit total sugars content in both seasons. On reverse, the
lowest values of this parameter were recorded by 1% yeast suspension treatment
the first season and 4% CacCl, treatment in the second one. The rest post harvest
treatments gave inbetween values in this respect.

As for the interaction effect between the tested treatments and storage
period, Table (16.c) demonstrates that the highest fruit total sugars percentages
were recorded by the interactions of forty two days storage period particularly, 2%
NaOCl-treated fruits in 2003 season (16.70) and 2% yeast-treated fruits in 2004
season (16.73). On the other hand, the interactions of seven days storage period
had the lowest fruit total sugars percentage especially, the combinations of control
fruits (14.90) in the first season and 1% CaCl,-treated fruits (14.70) in the second
one. The rest interactions occupied inbetween position between the
aforementioned two categories. Briefly, the differences between the interactions in
most cases were significant from the statistical stand point in both seasons of
study.

The increase in total sugars percentage of Costata persimmon fruits with the
progress of storage duration could be due to the conversion of complex forms of
carbohydrates like starch to simple forms of sugars due to the greater activity of
starch splitting enzymes (McArthurt, 1956).
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The obtained results dealing with fruit sugars content during storage due to
CaCly as a post harvest treatments are coincided with those mentioned earlier by
Mahajan and Sharma (1995) on mango fruits cv. Dashehari, El-Zaabalawy (2001)
on date palm cultivars (Zaghloul, Hayani and Samani) and Choudury et al. (2003)
on sapota fruits cv. Pala. They revealed that CaCl, at 1 or 2% reduced augmented
biochemical attributes such as total sugars.

The results of yeast are in accordance with those reported by Sugar (1992)
and Mehaisen (1999) they mentioned that active yeast suspension as a post
harvest treatment induced a slight effect on fruit total sugars content.

Furthermore, the obtained results concerning the effect of NaOCI on fruit
total sugars content go in line with the findings of Sandhu and Randhawa (1992)
and Mehaisen (1999). They reported that NaOCI at 1.5-2.0% as a post harvest
treatment enhanced fruit total sugars content of Litchi fruits cv. seedless late and
Le Conte pear fruits, respectively.

4.1.2.7. Fruit total soluble solids percentage (T.S.S.%) ”

a. Storage under ambient room conditions

With respect to specific effect of storage period, Table (17.a) reveal that
the decrease in fruit total soluble solids content (%) is proportionated with the
advancement of the storage period. The obtained data emphasize this result,
hence the initial readings of fruit total soluble solids i.e. before storage were (22.20
& 21.60%), whereas when Costata persimmon fruits stored under ambient room
conditions for seven days, the readings were (16.61 & 16.82%) and the values
became much lower when storage period extended up to fourteen days to record
(14.49 & 14.48%) during 2003 and 2004 seasons, respectively. Finally, the lowest
value was recorded after twenty one days storage period in 2003 season.

Pointing to specific effect of the tested post harvest treatments, the
statistical analysis indicate that there was indistinctive trend regarding the response
of fruit total soluble solids percentage to the studied treatments throughout the
course of this study. One can conclusively say that the highest fruit total soluble
solids percentage were produced by 2% NaOCI treatment in the first season, and
4% CaCl, treatment in the second one, whereas 2% yeast treatment showed the
other way around.
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Considering the interaction effect between storage period and the
tested treatments, Table (17.a) demonstrates that irrespective of the readings of
zero day storage, the interactions of seven days storage surpassed the analogous
ones of fourteen days storage period in both seasons and the later ones
predominated the corresponding ones of twenty one days storage period in the first
season. Abstractly, 4% CaCl,-treated fruits stored for seven days under ambient
room conditions recorded statistically the highest values (17.27 & 17.53%),
meanwhile 2% yeast-treated fruits kept under ambient room conditions for fourteen
days scored the lowest values (13.80 & 13.40%) in both seasons, but 2% CaCly-
treated fruits registered the lowest values (12.80%), when stored for twenty one
days under ambient room conditions in 2003 season.

b. Cold storage at 5°C

As for specific effect of storage period, data presented in Table (17.b)
illustrate that prolonging cold storage period of Costata persimmon fruits resulted in
decreasing fruit total soluble solids percentage. In this concern, the initial readings
before cold storage at 5°C ere (22.20 & 21.60%), whereas prolonging cold storage
period up to seven days recorded the highest values (20.42 & 20.39%),
irrespective of the initial readings, followed descendingly by those stored for
fourteen days (18.19 & 18.94%) in both season.

On contrary, prolonging the storage period up to forty two days registered
the lowest values (13.93 & 14.78%), followed ascendingly by thirty five days
storage period (14.42 & 15.13%) in the first and second season, respectively.
Additionally, twenty eight days and twenty one days storage periods occupied an
intermediate position, but twenty one days storage period surpassed twenty eight
days storage period exerting more enhancing affect. The differences between the
studied storage periods were so high to be significant.

Looking to specific effect of the tested treatments, data in Table (17.b)
demonstrate that in 2003 season, 2% NaOCl-treated fruits and 1% yeast-treated fruits
appeared to be the most effective treatments for inducing the highest fruit total soluble
solids percentage as they gave (16.96 & 16.94%), respectively. While, in the second
season 1 & 2% yeast-treated fruits showed superiority in this respect. On reverse, 2%
yeast-treated fruits significantly produced the lowest fruit total soluble solids content
(16.21 & 16.98%) in the first and second season, respectively.
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Regarding interaction effect between storage period and tested post
harvest treatments, data presented in Table (17.b) indicate that the combinations
of seven days storage period, particularly 2 and 4% CaCly-treated fruits in 2003
season and tap water-treated fruits (control) and 2% NaOCl-treated ones in 2004
season were the richest ones in TSS values. On the opposite the lowest values of
this parameter were produced by the combinations of fort-two days, especially tap
water and 2% yeast-treated fruits in the first and second season, respectively.
Other interactions took intermediate positions between the abovementioned
values, but the differences within each specific column were in most cases
insignificant.

c. Cold storage at 0°C

Referring to specific effect of storage period, Table (17.c) shows that fruit
total soluble solids percentage decreased as the storage period increased. The
gained data explain this result, where the initial storage (zero day storage)
recorded (22.20 & 21.60%), while seven days cold stored fruits scored statistically
the highest values (20.57 & 20.38%), followed descendingly by fourteen days-
stored fruits (18.27 & 17.96%) in 2003 and 2004 seasons, respectively. On
contrary, forty two days stored fruits scored statistically the lowest values (14.62 &
14.87%), followed ascendingly by those stored for thirty five days storage period
(15.41 & 15.72%) in the first and second season, respectively. Additionally, twenty
eight days and twenty one days occupied an intermediate position, but the positive
effect was inside of twenty one days storage period.

Evaluating specific effect of the tested treatments, the obtained data
demonstrate that in 2003 season, 1% yeast treatment produced the richest fruits in
their total soluble solids content (17.51%), followed descendingly by 4% CacCl,-
treated fruits (17.41%), whereas 2% CaCl, treatment resulted in the lowest fruit
total soluble solids content (16.98%). Besides, in the second one 4% CaCl,
treatment showed to be the most effective treatment for producing the highest fruit
total soluble solids content (17.72%), followed descendingly by 2% CacCl, treatment
(17.58%) while, 2% yeast treatment produced the lowest fruit total soluble solids
content (16.54%). The rest treatments gave inbetween values in this respect.
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Regarding interaction effect between the storage period and the tested
post harvest treatments, data in Table (17.c) indicate that the interactions of
seven days storage period, especially tap water-treated fruits scored the highest
values (20.80 & 20.93%) in both season, followed descendingly by the interactions
of fourteen days storage period and they surpassed the interactions of the other
storage periods. Therefore, the lowest fruit total soluble solids content were
observed with cold stored Costata persimmon fruits for forty two days, especially
those treated with 2% yeast (13.80 & 14.20%) in both season. The rest interactions
came in between.

The obtained results of calcium as a post harvest treatment in retaining and
inducing higher total solids percentage of persimmon fruits cv. Costata during
storage go in line with the analogous ones mentioned by Abdul et al. (1997) on
two mango cultivars (Fazli and Ashwina), Babalar et al. (1999)on two grape
cultivars namely Keshmeshy Bidaneh and Shahroudy, Farooq et al. (1999)on
pear cv. Bartlett (Williams’ Bon Chretien) and Ali (2005) on persimmon fruits cv.
Costata as they stated that CaCl, treatments improved fruit T.S.S content.

The obtained results of yeast in this concern are in accordance with those
mentioned by Sugar (1992) and Mehaisen (1999). Furthermore, the gained results
of NaOCI in this respect are in harmony with the findings of Sandhu and
Randhawa (1992) and Mehaisen (1999). They pointed out that NaOClI treatment
induced insignificant effect on fruit total soluble solids.

“ 4.1.2.8. Fruit total acidity content”

a. Storage under ambient room conditions

Referring to specific effect of storage period, it is quite evident that the
decrease in fruit total acidity content is proportionated with the advancement of
storage period (Table, 18.a). The scored data indicate this result, hence the initial
readings of fruit total acidity i.e., before cold storage were (0.36 & 0.39%).
Generally, the highest values of fruit total acidity content (irrespective of initial
readings) were recorded with seven days stored fruits under ambient room
conditions (0.24 & 0.22%) in both season, whereas the lowest values of this
parameter were scored when the fruits stored under ambient room conditions for

AR

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

twenty one days (0.12%) during 2003 season or for fourteen days under ambient
room conditions (0.17 & 0.13%) during 2003 and 2004 seasons.

Looking at specific effect of the tested post harvest treatments, the
statistical analysis show that 2% NaOCl-treated fruits had the highest fruit total
acidity percentages in both seasons. On contrary, the lowest values of fruit total
acidity were observed with 1% yeast suspension-treated fruits in the first season.
The rest tested treatments induced similar effect in this respect.

Considering interaction effect between the tested post harvest
treatments and storage period, the resulted interactions show that the
interactions of seven days storage period surpassed the analogous ones of
fourteen days storage period and the later ones predominated the corresponding
ones of twenty one days storage period in 2003 season in increasing fruit total
acidity percentage.

Briefly, 4% CaCl,-treated fruits and 2% NaOCl-treated fruits stored under
ambient room conditions for seven days recorded the highest values of fruit total
acidity content in the first season, while in the second season, 2% NaOCl treated
fruits and 1% yeast-treated ones stored for seven days showed higher values in
this respect, whereas 2% CaCly-treated fruits and 2% yeast-treated fruits kept
under ambient room conditions for fourteen days scored the lowest values during
2003 and 2004 seasons, respectively. On the other hand, in the second season 4%
CaCl, and 1% yeast treated fruits, stored for twenty one days storage period under
ambient room conditions recorded the lowest values of fruit total acidity content.
The other interactions took an intermediate position between the aforesaid
combination categories in both seasons.
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b. Cold storage at 5°C

Discussing specific effect of storage period, Table (18.b) illustrates that
prolonging cold storage period resulted in decreasing total acidity content of
Costata persimmon fruits. In this concern, the initial reading before storage were
the highest value (0.36 & 0.39%), whereas, prolonging cold storage up to forty two
days registered the lowest values (0.11 & 0.11%) in the first and second seasons,
respectively. The other storage periods occupied an intermediate positions in this
respect, but seven days storage period scored the highest values in this concern.
The differences between the tested storage periods were so high to be significant
in both seasons.

With respect to specific effect of the tested post harvest treatments,
Table (18.b) demonstrates that most tested treatments induced statistically similar
effect on fruit total acidity, particularly in 2004 season except for 4% CaCl,-treated
fruits and 2% NaOCl-treated ones which produced significantly the highest values
in the first season.

On reverse, 2% CaCl, and 1 & 2% yeast-treated fruits exerted statistically
the lowest values in this respect in both season. This trend was true only in the first
season, while in the second one 2% yeast-treated fruits scored the lowest values in
this concern.

Focusing on the interaction effect between the tested treatment and
storage period, Table (18.b) illustrates that the interactions of seven days storage
period surpassed the analogous ones of fourteen days storage period or the other
storage periods regarding fruit content of total acidity. Generally, the highest fruit
total acidity percentages were scored by persimmon fruits stored for seven days
(regardless of the initial) especially 2% NaOCI-treated fruits (0.33 & 0.35) during
2003 and 2004 seasons, respectively. On the opposite, the lowest values of fruit
total acidity content were recorded by persimmon fruits stored for forty two days.
The treatments under such storage period (42 days) exerted statistically similar
values in both seasons of study.
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c. Cold storage at 0°C

As for specific effect of storage period, Table (18.c) demonstrates that
prolonging the storage period induced a remarkable reductive effect on fruit total acidity
content, where the initial storage readings (Zero day storage) recorded higher fruit total
acidity content (0.36 & 0.39%), followed descendingly by seven days storage period
(0.31 & 0.32%) in comparison with (0.26 & 0.28%) for those stored for fourteen days,
(0.21 & 0.22%) for the corresponding ones stored for twenty one days, (0.17 0.18%)
for those stored for twenty eight days, (0.15 & 0.15%) for those stored for thirty five
days and finally, (0.12 & 0.12%) for those stored for forty two days during 2003 and
2004 seasons, respectively. The differences between the studied storage periods in
this respect were significant from the statistical standpoint.

Referring to specific effect of the tested post harvest treatments,
tabulated data show that in 2003 season 2 & 4% CacCl, and 2% NaOCl-treated
fruits scored the highest values of fruit total acidity content (0.21%), while the
lowest value was gained by usingthe treatment of yeast at 2%. On the other hand,
in 2004 seasonthe statistical analysis emphasize that total acidity of persimmon
fruits showed no significant response to the studied post-harvest treatments.

Concerning the interaction effect between the tested treatments and
storage period, it is quite clear from Table (18.c) that the interactions of seven days
storage period scored the highest values of fruit total acidity content especially 4%
CaCly-treated fruits in the first season and 1% yeast treated fruits in the second one.
On reverse, the lowest values of this parameter were registered by the combinations of
forty two days storage duration as the treatment under such storage period exhibited
similar values without significant differences in both seasons.

The decrease in total acidity during storage at different temperatures could
be due to its consumption in respiratory activities with the progress of storage time
and the increase in storage temperature, as citric acid could be used as an organic
substrate in the respiration process.

The obtained results of CaCl, dealing with their reducing fruit acidity are in
harmony with earlier reports of Mahajan and Sharma (1995) on mango fruits cv.
Dashehari, Abdul et al. (1997) on mango fruits and Choudury et al. (2003) on
sapota fruits cv. Pala. On reverse Nickhah et al. (1999) reported that treating pear
fruits with CaCl, solutions increased acidity levels, but Pirmoradian and Babalar
(1995) on apple fruits, EI-Zaabalawy (2001) on date fruits and Shaaban (2006) on
guava fruits mentioned that CaCl, treatments were not affected on fruit acidity.
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The obtained result of yeast in this respect are in harmony with  the findings of
Sugar (1992) and Mehaisen (1999). Furthermore, Sandhu and Randhawa (1992)
and Mehaisen (1999) reported similar results to that obtained by sodium hypochlorite.

4.1.2.9. Fruit tannins content J’

a. Storage under ambient room conditions

Examining specific effect of storage period, Table (19.a) demonstrates
that fruit tannins content (g tannic acid/100 g fruit fresh weight) of persimmon fruits
cv. Costata was decreased as the storage duration prolonged. The presented data
show this result, hence the initial storage period (zero day storage) scored the
highest fruit tannins values (1.35 & 1.40 g tannic acid/100 g fresh weight), whereas
seven days storage under ambient room conditions registered (1.13 & 1.16 g
tannic acid / 100 g fresh weight) in both season. Moreover, the lowest fruits in their
tannins content were recorded by those stored under ambient room conditions for
twenty one days storage period (0.95 g tannic acid/100 g fresh weight) in 2003
season and under fourteen days storage period (1.00 g/tannic acid/100 g fresh
weight) in 2004 season. The differences between the tested storage periods in this
concern were obvious to be significant in both seasons.

Evaluating specific effect of post harvest treatments, it is obvious from
Table (19.a) that the lowest value of fruit tannins content was produced by 2% yeast
suspension treatment (0.96 & 0.99 g tannic acid/100 g fresh weight) while, the highest
value of fruit tannins content was gained by 4% CaCl, treatment (1.08 & 1.17 g tannic
acid/100 g fresh weight) in the first and second season respectively.

Other tested treatments gave inbetween values in this respect. Besides, the
statistical analysis indicates that other treatments in the second season gave
similar effect on fruit tannins content.

Regarding interaction effect between the storage period and the tested
post harvest treatments, tabulated data illustrate that as the storage period
prolonged, the fruit tannins content decreased. Thereupon, the interactions of
seven days storage periods recorded higher values of fruit tannins content
(irrespective of initially readings) than the analogous ones of fourteen days storage
period in both season and the later ones surpassed the corresponding ones of
twenty one days storage period in the first season. The higher values of fruit
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tannins content were scored with seven days storage period interactions,
especially those combined with CaCl, at 4% and yeast at 1% in the first and
second seasons, respectively. On contrary, the lowest values of tannins content
were recorded by twenty one days storage period interactions during 2003 season
or fourteen days storage period interactions during 2004 season, particularly 2%
yeast suspension. Other interactions recorded inbetween values in this respect.

b. Cold storage at 5°C

In regard to specific effect of storage period, Table (19.b) shows that the
reduction in tannins content of Costata persimmon fruits is in proportionate with the
advancement of storage period. In this respect, forty two days cold stored fruits
recorded the lowest values of fruit tannins content (0.91 & 0.95 g tannic acid/100 g
fresh weight) against (1.35 & 1.40 g tannic acid/100 g fresh weight) for the freshly
harvested fruits (zero day storage) in the first and second season, respectively.
Other values of cold storage period at 5°C occupied an intermediate position
between the previously mentioned two categories, the differences between the
most tested cold storage periods pronounced to be significant.

Considering specific effect of the tested post harvest treatments,
enclosed data reveal that there was a fluctuated trend regarding the response of
fruit tannins content to the tested treatments from one season to another. However,
in 2003 season, 2% NaOCl-treated fruits had statistically higher tannins content
than the corresponding ones of 2% yeast suspension-treated ones. The significant
differences between the remained treatments including 2% NaOCI and 2% yeast
suspension were insignificant from the statistical standpoint. Moreover, in 2004
season, 2% NaOCI treatment succeeded in reducing fruit tannins content in
comparison with tap water “control” and 2 & 4% CaCl, treatments. The rest
treatments involving the aforementioned treatments exert statistically similar effect
in this sphere.

Concerning interaction effect between storage period and tested post
harvest treatments, it is easy to realize that fruit tannins content responded to the
interaction between the two studied factors. As shown in Table (19.b), all
interactions of seven days storage period recorded the highest values of fruit
tannins content (irrespective of the initial readings), followed by those of fourteen
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days storage period. The combinations of twenty one days storage period,
surpassed the corresponding ones of twenty eight days storage period and those
of thirty five days storage period. On reverse, the interactions of forty two days
storage period scored the lowest fruit tannins content values. Generally, all
interactions of seven days storage period scored statistically and similarly higher
tannins content. On reverse, 2% NaOCI-treated fruits, cold stored (5°C) for forty
two days surpassed the other combinations regarding their positive effect on
reducing fruit tannins content.

c. Cold storage at 0°C

With respect to specific effect of storage period, Table (19.c) shows that
tannins content of Costata persimmon fruits decreased as the storage period
advanced, in both season. In this respect, the average initial fruit tannins content
..e. before cold storage (Zero day storage) recorded (1.35 & 1.40 g tannic acid /
100 g fresh weight) against (1.28 & 1.27 g tannic acid/100 g fresh weight) cold
stored fruits for those of seven days, (1.22 & 1.19 g tannic acid/100 g fresh weight)
for the analogous ones of fourteen days storage period, (1.13 & 1.13 g tannic acid /
100 g fresh weight) for those of twenty one days storage duration, (1.05 & 1.06 g
tannic acid/100 g fresh weight) for those of twenty eight days storage period, (0.98
& 1.03 g tannic acid/100 g fresh weight) for the corresponding ones of thirty five
days storage period and lastly (0.95 & 0.94 g tannic acid/100 g fresh weight) during
the first and second season, respectively. The differences between the studied
periods (7, 14, 21, 28, 35 and 42 days) were obvious to be significant.

Referring to specific effect of post harvest treatments, tabulated data
reveal that in the first season the studied treatments induced similar significant
effect on fruit tannins content. On contrary significant differences were shown
between the tested treatments in the second season, hence 2% CaCl,-treated
fruits, followed by those treated by the higher CaCl, concentration (4%) recorded
the highest fruit tannins content throughout the storage periods in comparison with
other tested treatments. On reverse, 1% and 2% yeast-treated fruits had
comparatively the lowest values of tannins content. Other tested treatments gave
inbetween values in this concern.
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Focusing on the interaction effect between the treatments and storage
period, it is quite clear that in both seasons all interactions of seven days storage
period at 0°C recorded higher values of fruit tannins content, followed descendingly
by the analogous ones of the interactions of fourteen days storage duration, twenty
one days, twenty eight days, thirty five days and finally forty two days cold storage
duration. Shortly, 4% CaClz-treated fruits, stored for seven days at 0°C had the
highest values of tannins content. On contrary, 2% yeast-treated fruits stored for
forty two days at 0°C proved to be the best combination in reducing tannins
content from the statistical standpoint. Besides, other interactions recorded
inbetween values, but the differences within each specific storage period were in
most cases so small to reach the significance level.

The decrease in fruit tannins content during maturation and storage may be
attributed to the fact that soluble leucocyandin tannins are converted during maturation
into insoluble tannins, which take part in a non enzymic oxidative browning. These
insoluble leucoanthocyandin decreased during storage (Maier and Metzer, 1965).

The obtained results of CaCl, affects on reducing fruit tannins content go in
line with those mentioned by Mahayan and Sharma (1995) on mango fruits cv.
Dashehari, Zaabalawy (2001) on date palm cvs Zaghloul, Hayani and Samani,
Tajinder et al. (2003) on pear cv. Patharakhi and Ali (2005) on persimmon fruits
cv. Costata. They reported that calcium chloride as a post harvest treatment was
effective in maintaining the highest fruit quality and reducing fruit tannins content.
Moreover, the result of NaOCI in reducing fruit tannins content was mentioned
earlier by Sandhu and Randhawa who stated that NaOCl is effective post harvest
treatment in maintaining fruit quality of litchi fruits cv. Seedless late.

4.1.2.10. Fruit ascorbic acid content (Vitamin C)”

a. Storage under ambient room conditions

As for specific effect of storage period, it is clear from Table (20.a) that
fruit ascorbic acid content (mg/100 ml juice) was decreased with the extension of
storage period. The initial values of fruit ascorbic acid content i.e. before storage
(zero day storage) registered (10.31 & 9.64 mg/100 ml juice) compared with (4.61
& 4.38 mg/100 ml juice) for those stored under ambient room for seven days and
(2.72 & 2.67 mg/100 ml juice) for the analogous ones kept at ambient room
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conditions for fourteen days during 2003 and 2004 seasons, respectively.
However, the lowest fruit ascorbic acid values were observed with those kept under
ambient room conditions for fourteen days (2.72 & 2.67 mg/100 ml juice) during
2003 and 2004 seasons or for twenty one days storage period (2.11 mg/100 ml
juice) during 2003 season. The differences between the studied storage periods in
this respect were pronounced to be significant.

Concerning specific effect of the tested post harvest treatments,
tabulated data show that the richest fruits in ascorbic acid were those treated with
2% NaOCl (3.51 & 3.72 mg/100 ml juice) in the first and second seasons,
respectively. On contrary, the lowest values of fruit ascorbic acid content were
produced by 2% yeast suspensions-treated fruits in 2003 season, followed
ascendingly by those treated by the lower concentration of yeast suspension (1%)
in 2004 season. Such negative effect of yeast suspension concentrations was
changed to the reverse in the second season, as they induced positive effect in this
concern. Besides, control and 2% CacCl, treatments induced statistically similar and
inbetween values in this sphere.

Referring to the interaction effect between the storage period and the
tested post harvest treatments, tabulated data show that as he storage period
prolonged, the fruit ascorbic acid content decreased. Thus, the interactions of seven
days storage period (irrespective of initial storage period) registered higher values of
fruit ascorbic acid content than the analogous ones of fourteen days storage period
and the later ones surpassed the corresponding ones of twenty one days storage
period in 2003 season. Anyway, the differences within the storage period interactions
were so high to be significant. So, the highest values of fruit ascorbic acid content were
obtained by the interactions of the seven days storage period, particularly those
combined with 2% CaCl2 in the first season and 2% NaOCI in the second one. On
reverse, the lowest values of fruit ascorbic acid content were observed with the
interactions of twenty one days storage period, especially those interacted with 2 & 4%
CaClI2 and 2% yeast treatments in 2003 season and the interactions of fourteen days
storage period, particularly those combined with 2% yeast suspension treatment in
2004 season. Other interactions occupied an intermediate position between the
previously mentioned two categories.
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b. Storage at 5°C

Concerning specific effect of storage period, data in Table (20.b)
illustrate that prolonging the storage period induced a remarkable decrease effect
on fruit ascorbic acid content of Costata persimmon fruits, where the initial value of
fresh fruit (Zero day storage) recorded the highest readings of ascorbic acid
content (10.31 & 9.64 mg/100 ml juice) in comparison with (2.26 & 1.85 mg/100 ml
juice) for those cold stored at 5°C for forty two days or the other tested storage
periods. Consequently, the lowest values of this parameter were recorded by those
cold stored at 5°C for forty two days.

Thereupon, the storage periods could be descendingly arranged regarding their
positive effect as follows: 42 days, 35 days, 21 days, 14 days and 7 days. The
differences between the studied storage periods and with in each column in this
respect were significant from the standpoint in both seasons.

Considering specific effect of the tested post harvest treatments, 4% CaCl,
was the superior treatment in maintaining fruit ascorbic acid content during storage
than most tested treatments in both season, whereas control fruits (tap water
treatment) in the first season and 2% CaCl,-treated fruits in the second one failed to do
similar effect. Other tested treatments occupied an intermediate position between the
abovementioned treatments.

With regard to the interaction effect between storage period and the tested
post harvest treatments, tabulated data show that there was a reversible correlation
between storage duration and ascorbic acid content of Costata persimmon fruits,
irespective of the effect of the tested post harvest treatments. Thereupon, all
interactions of seven days storage period scored higher values of fruit ascorbic acid
content than the analogous ones of fourteen days storage period, twenty one days,
twenty eight days, thirty five days and forty two days storage periods. Anyhow, the
differences between the six storage periods interactions were so high to be significant.
The highest values of fruit ascorbic acid content were recorded with seven days
storage period interactions, particularly 4% CaCly-treated fruits (8.41 and 8.13 mg/100
ml juice) in the first and second seasons, respectively. Meanwhile, the lowest values of
fruit ascorbic acid content were observed with the interactions of forty two days storage
period, especially the combinations of control fruits in the first season and 2% yeast-
treated fruits in the second one. Generally, in most cases the differences between the
resulted interactions within each specific storage period were significant in both season
of study.
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c- Cold storage at 0°C

Looking at specific effect of storage period, Table (20.c) illustrates that
the initial readings of Costata persimmon ascorbic acid content i.e. before
subjecting to cold storage (10.31 & 9.64 mg/100 ml juice). Such values were more
than four folds the corresponding ones stored for forty two days (2.28 & 2.15
mg/100 ml juice) in 2003 and 2004 seasons, respectively. Besides, ascorbic acid
content of cold stored fruits for seven days (8.22 & 8.08 mg/100 ml juice) was
about three folds that of thirty five days cold stored fruits (2.78 & 2.88 mg/100 ml
juice) and about two and half folds that of twenty eight days cold storage in the first
and second season, respectively. Moreover, the values of ascorbic acid content for
cold stored fruits for fourteen days (6.92 & 6.36 mg/100 ml juice) was statistically
higher than those recorded by twenty one days cold stored fruits (5.47 & 4.42
mg/100 ml juice) during the first and second seasons, respectively. The differences
between the studied storage periods were obviously significant from the statistical
standpoint in both seasons of this study.

With respect to specific effect of tested post harvest treatments,
tabulated data show that 2% yeast suspension treatment in 2003 season and 4%
CaCl, treatment in 2004 season proved to be the most effective treatments in
maintaining fruit ascorbic acid content during storage duration, followed
descendingly by 4% CaCl, and 2% NaOCI treatments in 2003 season and 2%
yeast suspension in 2004 season. Moreover, control, 2% CaCl, and 1% yeast
suspension treatments induced statistically similar and the lowest positive effect on
fruit ascorbic acid content.

As for the interaction effect between storage periods and tested
treatments, data in Table (20.c) demonstrate that fruit ascorbic acid content
reverberated with the advancement of storage period, regardless of the effect of
the studied post harvest treatments. So, the interactions of seven days storage
period recorded absolutely higher values of fruit ascorbic acid content than the
other interactions of other tested storage periods, particularly when seven days
cold storage period combined with 4% CacCl, in both seasons and 2% yeast
suspension in the first season. On contrary, the lowest values of this parameter
were recorded with those stored forty two days and combined with 2% NaOCI
treatment in 2003 season and the control treatment in 2004 season. The
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interactions of storage periods could be descendingly arranged regarding their
positive effect on fruit ascorbic acid content as follows: 7, 14, 21, 28, 35 and 42
days. The differences between the different storage period interactions were
significant and within each specific storage period were in most cases insignificant.

The gained results of calcium chloride regarding its affect on improving fruit
quality traits, maintaining eating quality during storage and decreasing the rate of
reduction in ascorbic acid are similar to earlier reports of Mahajan and Sharma
(1995), Tajinder et al.(2003) and Shaaban (2006). They mentioned that CaCl,
treatments succeeded in maintaining fruit ascorbic acid content during storage.

Furthermore, Sandhu and Randhawa (1992) mentioned similar results to
that obtained by NaOCI on fruit ascorbic acid content.

Part Il Effect of some pre-harvest treatments on enhancing

storage ability of Zebda mango fruits
4.2.1. The initial effect of some pre-harvest treatments on some
pomological characteristics of Zebda mango fruits

Tables (21.a & b) and Photo (10) illustrate the initial response of some physical
properties of mango fruits cv. Zebda i.e. fruit dimensions (length, breadth and
thickness), fruit weight, pulp (weight, percentage and dry weight percentage) peel
(weight and percentage) and seed (weight and percentage) to some pre-harvest
treatments namely gibberellin (GAs) at 25, 50 and 75 ppm, calcium chloride (CaCly) at
1 and 2% and active yeast suspension at 1 and 2% during 2003 and 2004 seasons.

4.2.1.1. Fruit length

It is obvious from Tables (21.a & b) and Photo (10) that 75 ppm GAs sprays
followed descendingly by 50 ppm GA3 sprays and yeast suspension at 2%
produced the longest fruits (15.54 & 15.13 cm), (14.49 & 13.83 cm) and (14.23 &
13.60 cm) as compared with all tested treatments including the control (11.93 &
11.50 cm) in 2003 and 2004 seasons, respectively. Furthermore, 25 ppm GAs
sprays and yeast suspension at 1% induced similarly high positive effect on fruit
length from statistical standpoint. Finally, CaCl, treatments (1 & 2%) induced nearly
insignificant effect in this respect.
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4.2.1.2. Fruit breadth

Tables (21.a & b) and Photo (10) demonstrate that 75 ppm GAsz sprays,
followed by 50 ppm GAs sprays produced the widest fruits (9.28 & 9.27 cm) and
(8.78 & 9.00 cm) in comparison with all tested treatments in 2003 and 2004
seasons, respectively. On contrary, CaCl, treatments (1 & 2%) induced negative
effect on fruit breadth as compared with the control. Other tested treatments
produced inbetween values in this respect but still higher than those produced by
control treatment.

Zebda - Initial

REE 411 1.

2% 15 2%,

25ppm S0ppm TEppm 1% 2% Y 25

GA; Treatments CaCl, Treatments Yeast Treatments

Photo (10): The initial effect of some pre-harvest treatments on some
physical properties of Zebda mango fruits.
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4.2.1.3. Fruit thickness

Data enclosed in Tables (21.a & b) show that the thickest mango fruits were
produced by 75 ppm GAs, 50 ppm GAs and yeast suspension sprays at 2% in
descending order. Other tested treatments showed a fluctuated trend in this
concern from one season to another.

4.2.1.4. Fruit weight

It is quite evident from Tables (21.a & b) that all tested treatments succeeded in
enhancing weight of Zebda mango fruits during the two seasons of study as compared
with the control. Generally, this enhancing effect was significant for all studied
treatments except for CaCl, treatments (1 & 2%). Briefly, the high GAs concentration
(75 ppm) was the superior in this concern, hence this treatment recorded (457.1 &
454.4 g) against (327.6 & 325.8 g) fruit weight for tap water-sprayed trees “control” in
2003 and 2004 seasons, respectively. Besides, 50 ppm GAs treatment exerted high
stimulative effect in this respect and followed descendingly by 2% yeast treatment.
Moreover, GAs at 25 ppm and yeast at 1% induced similarly the lowest positive effect
in this sphere from the statistical standpoint.

4.2.1.5. Pulp weight

It is clear from Tables (21.a & b) that the high concentration of GAs sprays
(75 ppm) produced the heaviest pulp fruits (356.4 & 356.3 g) as compared with
other tested treatments including the control (251.1 & 250.3g) in 2003 and 2004
seasons, respectively. Other tested treatments could be descendingly arranged
regarding their stimulative effect on pulp weight as follows: 50 ppm GAs, yeast at
2%, 25 ppm GAs and yeast at 1%. Besides, CaCl, treatments (1 & 2%) failed to
induce a remarkable effect in this concern.

4.2.1.6. Pulp percentage

Tables (21.a & b) demonstrate that in both seasons out of all tested
treatments 50 and 75 ppm GAs treatments produced similarly the richest fruits in
their pulp content from the statistical standpoint. Other studied treatments induced
nearly more or less similar effect in this respect.
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4.2.1.7. Pulp dry weight percentage

Data reported in Tables (21.a & b) show that all tested treatments failed to
exert an obvious trend regarding pulp dry weight percentage in 2003 season and
insignificant effect in this concern in 2004 season.

4.2.1.8. Peel weight

Tables (21.a & b) illustrate that in both seasons peel weight trait followed nearly
the same pattern of response of fruit weight to the tested treatments. However, all
tested treatments except for CaCl, at 1% exerted positive effect on peel weight as
compared with the control. The highest values of peel weight (50.97 & 50.67 g) were
recorded by 75 ppm GAs treatment against (37.40 & 37.00 g) for tap water-treated
fruits “control” during 2003 and 2004 seasons, respectively. Moreover, GAz at 50 ppm,
yeast suspension at 2% and GAs at 25 ppm induced statistically high positive effect in
this concern. The differences between the aforementioned treatments in this concern
were significant. Lastly, both CaCl, concentrations (1 & 2%) gave similarly the lowest
peel weight values in both seasons.

4.2.1.9. Peel percentage

Tables (21.a & b) illustrate that in both seasons, out of all studied
treatments, fruits of 2% CaCl>-sprayed trees had the highest peel percentage
values. Other tested treatments showed nearly similar values in this respect from
statistical standpoint.

2.4.1.10. Seed weight

Tables (21.a & b) show that in both seasons fruits of 75 ppm GAs, 2% yeast
and 50 ppm GAs-sprayed trees had heavier seeds than the corresponding ones of
other tested treatments including the control. Moreover, the lower concentration of
GA3 (25 ppm) in the first season and both CaCl, concentrations in both seasons
induced insignificant effect in this concern. Besides, yeast suspension sprays at
1% in both seasons and GAs at 25 ppm in the second season induced positive
effect on seed weight from the statistical standpoint.
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4.2.1.11. Seed percentage

It is clear from Tables (21.a & b) that in 2003 and 2004 seasons, 50 and 75
ppm GAs treatments succeeded in producing the favourable effect through
reducing seed percentage of the fruit in comparison with other tested treatments.
On contrary, both yeast concentrations (1 & 2%) significantly increased seed
percentage of the fruit. Other tested treatments failed to induce an obvious trend in
this respect during the two studied seasons.

4.2.1.12. Pulp firmness

It is obvious CaCl,-sprayed trees produced firmer fruits as compared with all
tested treatments including the control. Anyhow, the differences between both
CaCl, concentrations were insignificant in both seasons and when compared with
untreated fruits “control” and 50 ppm GAs-sprayed ones in 2004 season (Tables,
21.a & b). On contrary, 2 and 1% yeast-treated trees produced more soft fruits in
comparison with those produced by other tested treatments. Other treatments
recorded inbetween values in this concern.

Conclusively, 75 and 50 ppm GAs sprays in general and 75 ppm GAs
treatment in particular were the superior treatments in enhancing fruit length,
diameter and thickness, fruit weight, pulp weight, pulp percentage, peel weight,
seed weight and seed percentage. Such treatments induced insignificant effect on
pulp dry weight, peel percentage and pulp firmness. Moreover, 2% yeast
suspension treatment came next to the aforementioned GAs treatments (75 & 50
ppm) regarding their positive effect on the aforementioned traits, except its
negative effect on pulp firmness. Furthermore, CaCl, treatments (1 &2%) induced
the highest positive effect on peel percentage and pulp firmness, besides they
exerted the highest reductive effect on fruit diameter and failed to affect or to
induce a pronounced effect on other studied parameters.
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4.2.2. Initial effect of some pre-harvest treatments on some

chemical characteristics of Zebda mango fruits

The initial response of Zebda mango fruits to some pre-harvest treatments
I.e., gibberellin (GAs) at 25, 50 and 75 ppm, calcium chloride (CaCl,) at 1 and 2%
and active yeast suspension at 1 and 2% in comparison with the control on some
chemical traits expressed as pulp total soluble solids (T.S.S.) as (%), ascorbic acid
content (Vitamin C) as mg/100 ml juice, total acidity (%), sugars (%) as (reducing,
non reducing and total) and carotenoids content (mg/100 g fresh weight) as well as
peel chlorophyll content (a & b) and carotenoids content (mg/100 g fresh weight)
during 2003 and 2004 seasons is reported in Tables (22.a & b).

4.2.2.1. Pulp total soluble solids percentage (T.S.S. %)

Tables (22.a & b) demonstrate that all tested treatments induced nearly
similar effect on pulp total soluble solids percentage from the statistical standpoint
except for the control, 75 ppm GAs and 2% CaCl, treatments in 2003 season and
50 ppm GAs treatment which exhibited lower values of T.S.S., but still statistically
similar to those of most tested treatments. On the other hand, 2% yeast treatment
recorded the highest T.S.S. values, but remained insignificant in comparison with
most studied treatments.

4.2.2.2. Pulp ascorbic acid content “Vitamin C”

It is clear from Tables (22.a & b) that in both seasons fruits of 2% yeast
suspension-sprayed trees showed to be the richest ones in ascorbic acid content
(Vitamin C), followed descendingly by those sprayed with 1% yeast and 1 & 2%
CaCl, treatments. Besides, GAs treatments (25, 50 and 75 ppm) recorded the
lowest values in this respect.

4.2.2.3. Pulp acidity (%)

Table (22.a) demonstrates that in 2003 season all tested treatments produced
statistically similar effect on pulp acidity percentage. On the other hand, in 2004
season, 2% yeast suspension treatment followed descendingly by 50 and 75 ppm GAs
treatments succeeded in reducing pulp acidity percentage (Table, 22.b).
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4.2.2.4. Pulp reducing sugars (%)

It is obvious that in 2003 season, most tested treatments induced similar
effect on pulp reducing sugar content of Zebda mango fruits except for 50 ppm GA3
and 2% CacCl, treatments which recorded the lowest values in this respect, (Table,
22.a). Such affect of the aforementioned treatments disappeared in 2004 season
(Table, 22.b).

4.2.2.5. Pulp non reducing sugars (%)

Tables (22.a & b) show that in both seasons pulp non reducing sugars
percentage of Zebda mango fruits showed no significant response to the affect of
the studied treatments.

4.2.2.6. Pulp total sugars (%)

Table (22.a) shows that all tested treatments induced similar affect on pulp
total sugars percentage of Zebda mango fruits in 2003 season from statistical
standpoint. Besides, in 2004 season 1 and 2% CaCl treatments recorded the
lowest values of pulp total sugars percentage, but still similar to those produced by
most of the tested treatments (Table, 22.b).

4.2.2.7. Pulp carotenoids content

It is quite evident that in 2003 season, fruit pulp of 1 and 2% yeast
suspension-sprayed trees had the highest values of carotenoids, (Table, 22.a). On
the contrary, 25 ppm GAz and 1 & 2% CaCl, treatments showed the lowest values
of pulp carotenoids in an ascending order. Other tested treatments recorded
inbetween values in this concern. On the other hand, in 2004 season all tested
treatments exerted similar effect on pulp carotenoids content except CaCl,
treatments (1 & 2%) which produced statistically less positive effect in this concern
when compared with 2% yeast treatment, (Table, 22.b).

4.2.2.8. Peel chlorophyll (a) content
In the first season, all tested treatments showed similar effect on peel
chlorophyll (a) content (Table, 22.a). Furthermore, in the second season, 2% CaCl,
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treatment produced significantly higher positive effect on peel chlorophyll (a)
content as compared with 2% yeast treatment. Other studied treatments gave
inbetween values in this sphere (Table, 22.b).

4.2.2.9. Peel chlorophyll (b) content

Table (22.a) illustrates that fruit peel of 75 ppm GAs sprayed trees proved to
be the richest ones in chlorophyll (b) content in 2003 season from the statistical
standpoint. Other treatments induced statistically similar values in this respect.
Moreover, in 2004 season (Table, 22.b) all studied treatments gave more or less
similar values in this concern except 1% yeast treatment which exerted statistically
higher positive effect than did 25 ppm GAs treatment.

4.2.2.10. Peel carotenoids content

It is clear from Table (22.a) that in 2003 season, fruits of 1% CaCl,-sprayed
trees had higher peel carotenoids content than the analogous ones of 25 ppm GAs,
2% CaCly, 75 ppm GAs and the control. The rest treatments gave statistically
similar values in this respect. Moreover, in 2004 season, 1 & 2% yeast and 1%
CaCl, treatments recorded statistically higher peel carotenoids values than those
produced by 75 ppm GAs and 2% CaCl, treatments. The remained treatments
came inbetween in this concern (Table, 22.b).

Abstractly, 2% yeast sprays proved to be the most efficient treatment in
enhancing pulp ascorbic acid content (Vitamin C) and pulp and peel carotenoids
content as well as reducing pulp acidity percentage. Moreover, 2% CaCl, sprays
produced the highest positive effect on peel chlorophyll (a) content, but reduced
pulp carotenoids content, whereas 1% CaCl, sprays improved peel carotenoids
content. Furthermore, 75 ppm GAs sprays exerted the most positive effect on peel
chlorophyll (b) content, whereas nearly all GAs sprays showed to be the most
efficient treatment in reducing fruit acidity percentage. Finally, all tested treatments
failed to induce a remarkable and distinctive effect on pulp total soluble solids, pulp
reducing sugars, non reducing sugars and total sugars.
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4.2.3. Fruit physiochemical attributes in response to some pre-
harvest treatments (GAs, CaCl, and yeast) during storage
under (ambient room, 15 and 10°C) and fruit keeping on
shelf (3 & 6 days).

The effect of some pre-harvest treatments i.e., gibberellin (GAs) at 25, 50

and 75 ppm, calcium chloride (CaCly) at 1 & 2% and yeast suspension at 1 & 2%

and fruit storage at ambient room conditions (28+2°C & 75-80% R.H.) as well as

keeping the cold stored fruits on shelf (3 & 6 days) on some physiochemical
attributes of Zebda mango fruits during 2003 and 2004 seasons is reported in

Tables (23.a, b, c,d and e - 35 a, b, ¢, d and e), exhibited in Photos (11-19) and

llustrated in Figures (15-24). The evaluated physiochemical attributes of Zebda

mango fruits in response to the aforementioned factors of study (pre-harvest
treatments, storage periods and days on shelf as well as their interactions) were:
weight loss percentage, decay percentage, fruit firmness (Ib/inch2), peel chlorophyll

a & b content (mg/100 g F.W.), peel carotenoids content (mg/100 g F.W.), pulp

carotenoids content (mg/100 g F.W.), reducing sugars percentage, non reducing

sugars percentage, total sugars percentage, total soluble solids percentage, total
acidity percentage and ascorbic acid content (mg/100 ml juice).

4.2.2.1. Weight loss percentage

a. Storage under ambient room conditions

Referring to specific effect of storage period, it is obvious from Table
(23.a) that in both seasons the loss in fruit weight percentage is proportionally
increased with the progress of storage period. The tabulated data emphasize this
result, hence loss in fruit weight percentage recorded (18.01 & 16.08) after fourteen
days storage period compared with (8.97 & 8.15) for the analogous ones kept
under ambient room conditions for seven days during 2003 and 2004 seasons,
respectively. This means that Zebda mango fruits lost about one sixth of its weight
when kept under ambient room conditions for fourteen days and lost about one
twelfth of its weight when stored under ambient room conditions for seven days.
The differences between the aforementioned two storage periods (7 and 14 days)
or the initial reading at zero day storage (freshly harvested fruits) were pronounced
to be significant.
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Concerning specific effect of the tested pre-harvest treatments, Table
(23.a) demonstrates that all evaluated pre-harvest treatments (except for 1% yeast
suspension treatment in 2004 season) succeeded in reducing weight loss
percentage of Zebda mango fruits during storage duration in comparison with tap
water-sprayed fruits “control” in both seasons. Generally, 1% CaCl, proved to be
the most efficient treatment in this concern, followed descendingly by 2% CacCl,
treatment. Anyhow, in 2004 season, the difference between the two concentrations
of CaCl, was so small to reach the significance level. Moreover, GAs at 25 ppm
treatment came next in this descending order. The remained treatments exerted in
most cases similar effect in this concern.

As for the interaction between the storage period and the tested pre-
harvest treatments, it is clear from Table (23.a) and Fig (15) that the combinations
of seven days storage under ambient room conditions recorded statistically the
lowest percentages of weight particularly 1 & 2% CacCl, treatments in comparison
with the interactions of fourteen days ambient room storage. The highest
percentage of weight loss was observed with ambient room stored fruits for
fourteen days and treated with tap water “control” in 2003 season and 2% yeast
suspension treatment in the 2004 season. Other combinations of both seven and
fourteen days storage period recorded inbetween values within its limit.

Conclusively, it is important to notice that the storability of Zebda mango
fruits under ambient room conditions reach to fourteen days, only, whereas when
storage was conducted under cold storage (15 or 10°C), the storage period
extended up to twenty eight days.
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b. Cold storage at 15°C

Regarding specific effect of storage period, Tables (23.b & ¢) illustrate that
weight loss percentages were steadily increased as the storage period advanced.
Consequently, twenty eight days cold storage duration recorded significantly the
highest weight loss percentages (11.94 & 12.12), followed descendingly by twenty one
days cold storage period (9.50 & 9.47), fourteen days cold storage duration (7.20 &
7.54) and seven days cold storage period (491 & 5.24) during 2003 and 2004
seasons, respectively. The differences between the aforementioned cold storage
periods were so high that they reached the significance level.

Looking at specific effect of the tested pre-harvest treatments,
tabulated data show that all studied treatments succeeded in reducing the loss in
fruit weight during the storage periods in comparison with the control. Shortly, 2%
CaCl, treatment produced the most reductive effect on weight loss percentage,
followed descendingly by 1% CaCl, treatment. The difference between the two
concentrations of CaCl, was significant in 2004 season, only. Besides, 1% yeast
suspension and 50 ppm GAs treatments induced a prospective effect in this
concern. Furthermore, in 2004 season 50 ppm GAs treatment surpassed both 1%
yeast suspension and 25 ppm GAs treatments in reducing weight loss percentages.
The rest treatments gave inbetween values in this respect.

Discussing specific effect of days on shelf, it is easy to notice that keeping
the cold stored fruits at 15°C on shelf for longer period (six days) caused a marked
increment in weight loss percentages (10.94 & 11.04) against (5.65 & 5.96) for the
analogous ones freshy removed from cold stores (zero day on shelf), whereas those
kept on shelf for three days after cold stores removal scored an intermediate values
(8.58 & 8.78) during the first and second seasons, respectively.

The differences between the three periods on shelf were obvious to be
significant.

Focusing on the interaction effect between treatments, storage
period and days on shelf, it is clear from Tables (23.b & c) and Figures (16 & 17)
that the combinations of seven days cold stored fruits, kept on shelf for zero day
(just removed from cold stores), particularly those treated with 1 & 2% CaClz, 2%
yeast suspension and 25 & 50 ppm GAs treatments were the superior
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combinations in reducing weight loss percentage, followed ascendingly by the
analogous ones stored for seven days and kept on shelf for three days. Moreover,
the combinations of seven days storage period x three days on shelf and fourteen days
storage period with zero day on shelf exerted stafistically similar and prospective
reductive affect on weight loss percentages. Furthermore, the interactions of seven
days cold storage duration with six days on shelf induced statistically a marked
reductive effect than did the combinations of twenty one cold storage period with zero
day on shelf and fourteen days cold storage with three days on shelf and the
corresponding ones of twenty eight cold storage duration with zero day on shelf.
However, the differences between the aforementioned different storage period
combinations as well as within each days on shelf category were in most cases
obvious to be significant. On reverse, the highest loss in weight loss percentages were
produced by the combinations of twenty-eight cold storage period with six days on
shelf, particularly those treated with tap water “control”, followed descendingly by the
analogous ones of twenty one days cold storage duration with six days on shelf and
twenty-eight days cold storage period with three days on shelf. Besides, the
combinations of fourteen days cold storage period with six days on shelf and the
corresponding ones of twenty-one days cold storage period with three days on shelf
gave statistically similar and higher values in this respect.

c. Cold storage at 10°C

With respect to specific effect of storage period, Tables (23.d & €)
illustrate that the loss in fruit weight percentage was positively proportionated with
10°C cold storage duration. The statistical analysis emphasizes this result, hence
the longer the duration of cold storage (28 days), the higher was the loss in fruit
weight percentages (9.88 & 9.40) against (3.99 & 4.40) for the analogous ones
subjected to shorter duration of cold storage during 2003 and 2004 seasons,
respectively. Moreover, twenty one cold stored fruits lost higher percentage of their
weight (8.02 & 7.41) in comparison with the corresponding ones cold stored for
fourteen days (5.68 & 5.41) during the first and second seasons, respectively. The
statistical analysis emphasizes that the differences between the aforementioned
cold storage durations were high to be significant.

Examining specific effect of the tested preharvest treatments, it is easy
to realize that 2% CaCl, treatment predominated all evaluated treatments in
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exerting a high prospective reductive affect on weight loss percentage, followed
descendingly by both 50 ppm GAsz and 1% CacCl, treatments, hence 50 ppm GA3
surpassed 1% CaCl; in this respect in 2003 season and the reverse was true in
2004 season. Also, both 25 ppm GAs and 1% yeast suspension treatments came
next in this descending order and took similar trend to that of aforementioned two
treatments. On contrary, tap water-treated fruits “control” in both seasons and 2%
yeast suspension treated fruits particularly in 2003 season lost higher percentages
of their weight during storage period.

Considering specific effect of days on shelf, Tables (23.d & e) demonstrate
that keeping 10°C cold stored fruits on shelf for longer period (six days) markedly
increased their weight loss (9.40 & 9.10%) compared with the analogous ones just
removed from cold stores (zero day on shelf) which recorded about one half of that lost
by six days on shelf (4.14 & 4.40%) in 2003 and 2004 seasons, respectively.
Furthermore, cold stored fruits, left on shelf for three days scored an intermediate
values in this respect (7.13 & 6.88%) in comparison with the previously two mentioned
categories during the first and second seasons, respectively.

Focusing on the interaction effect between pre-harvest treatments,
storage period and days on shelf, Tables (23.d & e) and Figures (18 & 19)
illustrate that the combinations of seven days cold storage with zero day on shelf
showed to be the most efficient combinations in reducing weight loss, followed
ascendingly by the analogous ones of fourteen days cold storage duration with
zero day on shelf, seven days cold storage period with three days on shelf, twenty
one days cold storage period with zero day on shelf, seven days cold storage
duration with six days on shelf and twenty-eight days cold storage period with zero
day on shelf. However, the differences between the aforementioned combinations
of different cold storage durations and even within each days on shelf category in
most cases were so high to be significant. On contrary, the combinations of twenty-
eight days storage period with six days on shelf, particularly those treated with tap
water “control” and 2% yeast suspension lost the highest percentages of their
weight during the cold storage duration, followed ascendingly by the corresponding
ones of twenty one days storage period with six days on shelf and twenty-eight
days cold storage duration with three days on shelf.
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The differences between the aforementioned combinations and within each
combination categories were in most cases obvious to reach the significance level.
Other combinations occupied an intermediate position between the aforementioned
two limits of weight loss. Shortly, seven days cold stored fruits, just removed from cold
stores and treated with 50 ppm GAg in both seasons and 1 & 2% yeast suspension in
2003 season and 1 & 2% CaCl, in 2004 scored the lowest values of weight loss
percentages.

Weight loss of harvested horticultural crops is mainly due to the water loss,
which is known as transpiration, while some weight loss is attributed to loss of carbon
in respiration process, but this is only a minor part of the total. High storage
temperature causes a high respiration rate which leads to a fruit weight loss
(Hardenburg et al., 1990). On the other hand, (Dietz et al., 1988), during their studies
on Mallika, Totapuri, Pain, Dashehari and Alphonso mango fruits, found that the weight
loss of mango fruits is significantly correlated with the total number of lenticels per fruit
but not significantly correlated with the cuticular thickness.

The obtained results of GAs are coincided with earlier reports of Al-Juboory et
al. (1990), Bhanja and Lenka (1994), El-Kassas et al. (1995), Choudhury et al.
(2003), Mohd-Amir et al. (2003) and Shaaban (2006). They reported that pre-harvest
sprays with GAsz at 20-200 ppm produced a pronounced prospective affect on reducing
physiological loss in weight of grape, sapota, pomegranate, mandarin and guava fruits,
respectively.

The effect of CaCl, on fruit weight loss percentage go in line with earlier studies
of Singh et al. (1993), Kluge et al. (1999) and Chitarra et al. (2001). They sprayed
mango trees (cvs. Dashehari, Tommy Atkins and Tommy Atkins, respectively) with
calcium compounds (Ca (NOgz), or CaCl, at 0.6-5.0%) as a pre-harvest application.
They concluded that pre-harvest sprays with calcium reduced the rate of physiological
weight loss during storage. Moreover, Subburamu et al. (1990), Raychaudharyi et al.
(1992), Bhanja and Lenka (1994), Chandra et al. (1994), Ali et al. (1995), Brar
(1997), Yadav and Singh (1999), Choudhury et al. (2003), Mod-Amir et al. (2003)
and Shaaban (2006) realized that the loss in fruit weight during storage of grape cv.
Muscat, guava cv. L. 49, Sapota, guava cv. Allahabad Safeda, Red raspberry cv.
Sceptar, peach fruits cv. Shan-1- Punjab, aonla fruits, sapota cv. Pala, Kinnow
mandarin fruits and guava fruits cv. Maamoura, respectively was greatly reduced due
to pre-harvest sprays of calcium in the form of calcium chloride at 0.3-5.0% or calcium
nitrate at 1.0-2.5%.
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4.2.2.2. Fruit decay percentage

a. Storage under ambient room conditions

Referring to specific effect of storage period, it is quite evident that
keeping Zebda mango fruits under ambient room conditions for fourteen day
increased fruit decay percentages (56.57 & 58.04) against (6.37 & 7.78) for the
analogous ones stored for seven days during 2003 and 2004 seasons,
respectively, (Table, 24.a).

Analyzing specific effect of the tested pre-harvest treatments, the
statistical analysis illustrate that the effect of the studied pre-harvest treatments
changed from one season to another. In this respect, 1% CacCl, treatment showed
to be the superior one in reducing fruit decay percentage particularly when
compared with control and 2% yeast suspension treatments which induced
statistically the highest fruit decay percentage in a descending order. Moreover, 50
ppm GAs, 75 ppm GAsz and 1% yeast suspension treatments exerted similar and
higher prospective effect in reducing fruit decay percentage.

Finally, 25 ppm GAs and 2% CaCl, treatments produced similar and the
lowest efficient affect on reducing fruit decay percentage. On the other hand, in
2004 season, 25 ppm GAs, 2% CaCl, and 1% yeast suspension treatments gave
statistically similar and the lowest values of fruit decay percentage in comparison
with the rest treatments including the control. On the contrary, control and 2%
yeast suspension treatments scored statistically similar and the highest
percentages of fruit decay percentages. Besides, 25 ppm GAs, 2% CacCl, and 1%
yeast suspension treatments registered statistically similar and an intermediate
values in comparison with the previously two mentioned categories.

Evaluating the interaction effect between the tested pre-harvest
treatments and storage periods, it is obvious from Table (24.a), Photo (11) and
Fig (20) that the combinations of fourteen days storage duration, irrespective of the
tested pre-harvest treatments scored a pronounced higher fruit decay percentage
in comparison with the corresponding ones of seven days storage duration.
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(Table, 24.a).
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Photo (11): Physical changes in pre -harvest treated Zebda mango fruits
during storage under ambient room.

The differences within each storage duration combinations in most cases
were significant. Briefly, all combinations of seven days storage duration,
particularly 1% CaCl, in 2003 season and 1 & 2% yeast suspension treatments in
2004 season produced a remarkable efficiency in reducing fruit decay percentage.
On reverse, all combinations of fourteen days cold storage duration, particularly the
control treatment in 2003 & 2004 seasons and 2% yeast suspension treatment in
2004 season scored statistically the highest values of fruit decay percentages.
Other combinations recorded inbetween values within its storage duration
category.
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b. Cold storage at 15°C

Firstly, it is important to say that there was a steadily increment in decay
percentage with increasing the storage temperature. Such observation
disappeared with the beginning of the third week of cold storage, hence decay
percentage of Zebda mango fruits at 10°C may surpassed the analogous ones
subjected to cold storage at 15°C. This may attributed to the effect of low
temperature (cold injury) which a marked darkness in pulp and finally led to the
failure of fruit to continue in ripening process on one hand an exert unexpected
affects on some fruit physiochemical characters on the other one.

Thereupon, it is preferable when cold storage of Zebda mango fruits is
conducted at 10°C, the storage period did not exceed two weeks to avoid fruit
internal injury.

Evaluating specific effect of storage duration, Tables (24.b & c)
demonstrate that the storage ability of Zebda mango fruits was reduced (i.e., fruit
decay percentage was increased) with the extension of the storage period.

In this concept, cold storage for twenty eight days reduced the storability of
Zebda mango fruits, hence it recorded the highest values of fruit decay
percentages (33.82 & 37.17) against (1.86 & 2.3) for the corresponding ones cold
stored for seven days in 2003 and 2004 seasons, respectively. Besides, the
storability of fourteen days cold stored fruits surpassed the analogous ones cold
stored for twenty one days. In this concern, fourteen days cold stored fruits scored
(9.87 & 9.73) decay percentages against (21.53 & 23.71) for the analogous ones
cold stored for twenty one days. However, the differences between the four cold
storage durations were remarkable and pronounced to be significant.

Examining specific effect of the tested pre-harvest treatments, it is clear
from Tables (24.b & c) that the most efficient treatments in enhancing storability of
Zebda mango fruits and reducing the fruit decay percentages could be
descendingly arranged as follows: 1% CacCl,, (2% CaCl, and 50 ppm GAs), 25 ppm
GAs and 1% yeast suspension treatments. Besides, control treatment scored the
highest percentage of fruit decay in 2003 season and 75 ppm exerted the same
action in 2004 season. Other treatments came inbetween in this sphere.
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As for specific effect of days on shelf, Tables (24.b & c) illustrate that
lefting the cold stored fruit for longer period on shelf (six days) decreased the
storability of fruits through increasing the decay percentages (29.04 & 31.33)
compared with those did not subject to keeping on shelf (2.61 & 2.76), whereas
keeping cold stored fruits on shelf for three days scored (18.66 & 20.62) during
2003 and 2004 seasons, respectively. The differences between the effect of days
on shelf durations were obvious and pronounced to be significant.

Focusing on the interaction effect between the tested pre-harvest
treatments, storage period and days on shelf, it is quite evident from Tables
(24.b & c), Photos (12, 13, 14 and 15) and Figures (21 & 22) that, extending the
storage period up to twenty-one or twenty-eight days with keeping cold stored fruit
on shelf for six days or even three days for 28 days cold storage induced a
remarkable negative effect on storability of Zebda mango fruits, irrespective of the
tested treatments.
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Zebda after 7 days (at 15°C)
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Photo (12): Physical changes in pre-harvest treated Zebda mango fruits during storage
(7 days) at 15 °C and post storage marketability ( 3 & 6 days on shelf ).
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Zebda after 14 days (at 15°C)
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Photo (13): Physical changes in pre-harvest treated Zebda mango fruits during storage
(14 days) at 15 °C and post storage marketability (3 & 6 days on shelf).
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Zebda after 21 days (at 15°C)
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Photo (14): Physical changes in pre -harvest treated Zebda mango fruits during storage
(21 days) at 15°C and post storage marketability ( 3 & 6 days on shelf).
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Zebda after 28 days (at 15°C)
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Photo (15): Physical changes in pre -harvest treated Zebda mango fruits during storage
(28 days) at 15°C and post storage marketability (3 & 6 days on shelf).
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Figures (22)
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This means that days on shelf was more effective than the storage period.
The combinations of twenty eight storage period with zero day on shelf emphasize
the previously mentioned information, hence they recorded lower values of decay
percentage in comparison with the analogous ones stored for the same period but
kept on shelf for six or even three days.

Briefly, seven days storage period with zero or three days on shelf, fourteen
days storage duration with zero day on shelf recorded zero decay percentage in
2003 and 2004 seasons. Besides, the combination of seven, fourteen and twenty
one days storage period in both seasons or even twenty-eight days storage period
in 2003 season with zero day on shelf and 25 or 50 ppm GAs treatments scored
zero decay percentage. Besides, the combinations of seven days storage period
with six days on shelf, fourteen days storage duration with three days on shelf and
twenty eight days storage period with zero day on shelf recorded less decay
percentage than the analogous ones of fourteen days storage period with three
days on shelf. On contrary, the interactions of twenty one days storage period with
three days on shelf registered relatively higher decay percentage than the
corresponding ones of fourteen days storage period with six days on shelf.
However, the differences between the different storage periods and within each
specific days on shelf were high to be significant.

c. Cold storage at 10°C

Concerning specific effect of storage period, Tables (24.d & e)
demonstrate that the storage ability decreased with the extension of storage
duration even though the storage was conducted at low temperature (10°C).

In this concept, the highest percentages of fruit decay was found after
twenty-eight days storage duration (36.90 & 40.80), meanwhile the cold storage at
10°C succeeded to reduce fruit decay percentage to be (1.44 & 0.84) after seven
days storage duration during 2003 and 2004 seasons, respectively. Besides,
fourteen days storage period exerted more positive effect on reducing fruit decay
percentage (7.27 & 9.11) than did twenty-one days storage period (25.70 & 25.31)
during the first and second seasons, respectively. The differences between the
previously mentioned storage durations were so high to be significant.
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Zebda after 7 days (at 10:C)
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Photo (16): Physical changes in pre-harvest treated Zebda mango fruits during storage
(7 days) at 10 °C and post storage marketability (3 & 6 days on shelf ).
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Zebda after 14 days (at 10°C)
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Photo (17): Physical changes in pre -harvest treated Zebda mango fruits during storage
(14 days) at 10°C and post storage marketability (3 & 6 days on shelf).
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Zebda after 21 days (at 10°C)
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Photo (18): Physical changes in pre -harvest treated Zebda mango fruits during storage
(21 days) at 10°C and post storage marketability (3 & 6 days on shelf).
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Zebda after 28 days (at 10=C)
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Photo (19): Physical changes in pre -harvest treated Zebda mango fruits during storage
(28 days) at 10°C and post storage marketability (3 & 6 days on shelf).
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As for specific effect of the tested pre-harvest treatments, the statistical
analysis demonstrates that 50 ppm GAs; and 2% CaCl, treatments were the
superior treatments in reducing fruit decay percentage, followed descendingly by
1% CaCl,, 25 ppm GAs and 1% yeast suspension treatments. The differences
between the aforementioned treatments were remarkable and pronounced to be
significant, except for 50 ppm GAs and 2% CaCl, treatments. Besides, the control
“tap water”, 75 ppm GAz and 2% yeast suspension treatments induced nearly
similar values and the lowest enhancing effect on reducing fruit decay percentage
throughout the course of study.

Evaluating specific effect of days on shelf, it is quite clear that lefting the
cold stored fruits on shelf for longer period (six days) reduced the storage ability of
Zebda mango fruits through increasing fruit decay percentage (30.87 & 32.45)
compared with the analogous ones freshy removed from cold stores and did not
subject to shelf keeping (3.05 & 3.06) in 2003 and 2004 seasons, respectively.
Moreover, cold stored fruits kept on shelf for three days scored (19.56 & 21.55) fruit
decay percentage in the first and second seasons, respectively. The differences
between the three periods on shelf were obvious to be significant.

Handling the interaction effect between treatments, storage period and
days on shelf, it is quite clear from Tables (24.d & e), Photos (16, 17, 18 and 19)
and Figures (23 & 24) that cold storage at 10C for seven days and keeping the
fruits on shelf for zero or three days and fourteen days storage period received no
shelf treatment succeeded in maintaining Zebda fruits without deterioration i.e. zero
decay percentage. Generally, 50 ppm GAs and 2% CaCl,-treated fruits, cold stored
for even twenty-eight days and did not subject to keeping on shelf showed no mark
of deterioration (zero decay percentage). On contrary, the combinations of twenty-
eight days storage period with six days on shelf particularly, 2% yeast suspension
and the control treatments in both seasons and 75 ppm GAsz in the second season
scored the highest percentages of fruit decay, followed descendingly by the
analogous ones of the same storage period (28 days) but with three days on shelf,
twenty-one days storage period with six days followed by three days on shelf. The
differences between the previously mentioned combinations within each storage
period or even within each days on shelf category were in most cases remarkable
to be significant. Moreover, cold storage for fourteen days with three days on shelf
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combinations produced nearly similar and prospective effect on fruit decay
percentage to that of twenty-one days storage period with zero day on shelf. On
the other hand, in spite of storing Zebda mango fruits at 10°C for longer period (28
days), without lefting the cold stored fruits on shelf, the decay percentages still
remained lower than the analogous ones cold stored for shorter period (14 days)
with six days on shelf and twenty-one days cold storage period with three days on
shelf in an ascending order. The differences between the aforementioned storage
period combinations and within each days on shelf combinations were pronounced
in most cases to reach the significance level.

The susceptibility of mangoes to chilling injuries when stored at low
temperatures could be due to the physical changes in membrane lipids (Chaplin,
1989). while Zauberman et al. (1988) recorded that the development of chilling
injury on the peel of Kiett fruits stored at 5°C and illustrated that peroxidase and
cellulase activities in the peel of such fruits rose during the development of Cl to
much higher levels than in non-chilled fruits. It is suggested that the increase in
activity of the two enzymes is part of the Cl syndrome that develops during storage
of mango fruits at chilling temperatures. In addition, Graham (1990) illustrated that
there are two likely causals of chilling sensitivity which lead to chilling injury. The
first involves physical changes in certain membrane lipids, particularly
phosphatidylglycerols, which result in changes in membrane properties and
eventual disorganization of cellular compartmentation. The second causal is due to
the impairment of the catalytic function of certain key enzymes of metabolism, of
which phosphoenol pyruvate carboxylase is an example. On the other hand, Wang
et al. (1995) worked on Zhihua mango and illustrated that the fruits which
developed chilling injury showed slightly increase in fuperoxide dismutase (FOD)
activity and a decline in catalase (CAT) activity under these conditions, indicating
that membrane-lipid peroxidation was enhanced. In Alphanso mango, Chhatpar et
al. (1971) illustrated that the development of chilling injury in fruit peel, as in the
pulp is marked by a significant decrease in the soluble sugars content (mainly
sucrose). No significant change in total hexose content and less starch breakdown
was noticed; In addition, invertase activity is increased, whereas that of amylase is
decreased. Furthermore, Hulme (1971) mentioned that K* and Ca2* inhibit amylase
activity and stimulate invertase activity. Also, the accumulation of K* and Ca2* ions
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in injured tissue might contribute to the difference in the activity of the two enzymes
in chilled tissue. So, low temperature injury in stored mango fruits may be a result
of the impairment of cellular permeability resulting in an unbalance between
various ions affecting the activity of the key enzyme in carbohydrate metabolism.

The results of GAs are in harmony with the findings of Khader (1991) and
Kumar and Singh (1993). They mentioned that spraying mango trees cvs.
Dashehari and Amrapali, respectively with GAs as a pre-harvest treatment
decreased the fruit decay percentage during storage. Also, Coggins and Henning
(1985), Ranjit and Gupta (1987), Bhanja and Lenka (1994), Durate et al. (1965),
Wang et al. (1985), Massignan et al. (2001), Choudhury et al. (2003), Mohd-
Amir et al. (2003) and recently Jayachandran et al. (2005) concluded that GAs
sprays as a pre-harvest treatment induced a remarkable reduction in fruit decay
percentage, fruit rotting and spoilage of Valencia oranges, grapes, sapota,
mandarin, peaches, oranges, kinnow mandarin and guava, respectively.

The obtained results of CaCl; in this concept go in line with findings of Singh
et al. (1987a), Singh et al. (1993), Sanjay et al. (1998) and Chitarra et al. (2001).
They sprayed mango trees cvs. Amrapali, Dashehari, Amrapali and Tommy Atkins,
respectively with calcium nitrate or calcium chloride at 0.5-5.0%. They reported that
Ca treatments decreased the fruit decay percentage and increased the storage life
of fruits. Besides, Ranjit et al. (1990) on grape cv. Delight, Subburamu et al.
(1990) on grape cv. Muscat, Bhanja and Lenka (1994) on Sapota, Mir et al.
(1995) on Chery, Mir et al. (1996) on apple cv. Red Delicicus, Brar et al. (1997)
on peach cv. Shan-1-Punjab, Yadav and Singh (1999) on anola fruits, Choudhury
et al. (2003) on Sapota cv. Pala, Mohd-Amir et al. (2003) on kinnow mandarin and
Recasens et al. (2004) on apple cv. Golden Smoothee. They sprayed the trees of
these fruit species with calcium as a pre harvest treatment in the form of calcium
chloride at 0.3-5% or calcium nitrate at 1.0-2.5% to enhance fruit storage life. They
mentioned that calcium treated fruits showed the lowest decay percentage and the
longest life as compared with untreated ones “control”. On contrast, Ray et al.
(1993) mentioned that pre-harvest spray with calcium nitrate and calcium chloride
at 2500 and 5000 ppm significantly increased the incidence of disease on mango
fruits cv. Bombay. They added that disease incidence increased with increasing
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rates of the calcium compounds and spraying twice was more effective than a
single spray.

The results of yeast in this respect are in agreement with earlier reports of
reported by Lima et al. (1997) on grape and EI-Neshawy et al. (2003) on grape.

” 4.2.3.3. Fruit Firmness (Ib/ inch?) H

a. Storage under ambient room conditions

Regarding specific effect of storage period, it is easy to notice from Table
(25.a) that Zebda mango lost its firmness with the advancement of storage period.
The recorded data emphasize this result hence, the initial readings of fruit firmness
.e. before storage under ambient room conditions were (18.81 & 16.98 Ib/inch?)
whereas, at fourteen days room storage, the readings subjected to a marked
reduction to score (0.68 & 0.68 Ib/inch?) in 2003 and 2004 seasons, respectively.
Besides, seven days room storage period registered also lower values (0.94 & 1.12
Ib/inch?) in the first and second season, respectively. The differences between the
three storage periods were pronounced to be significant.

Referring to specific effect of the tested treatments, Table (25.a)
illustrates that 1 & 2% CaCl, treatments induced statistically similar and higher
values in comparison with the tested treatments.

On the contrary, 1 & 2% yeast suspension treatments and 75 ppm GAs
treatment induced the lowest values in this concern. Other tested treatments came
inbetween the previously two mentioned categories.

Examining the interaction effect between treatments and storage
period, it is easy to realize that the freshy harvested fruits i.e. did not subject to
room storage were more firm than those kept under ambient room conditions for
fourteen or seven days. Besides, the lowest values were observed with the
combinations of fourteen days storage period. Briefly, Zebda mango fruits room
stored for fourteen days and treated with 50 ppm GA3 in 2003 season or 75 ppm
GAz in 2004 season were the least firm fruits (0.50 & 0.57 Ib/inch?) respectively.
The firm fruits were those freshy harvested and received no room storage and
treated with 1 & 2% CaCl,.
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b. Cold storage at 15 °C

Looking at specific effect of storage period, Tables (25.b & c) illustrate that
Zebda mango fruits became softy with the advancement of storage period. In this
respect, twenty-eight days cold stored fruits recorded the lowest values of fruit firmness
(1.16 & 1.25 Ib/inch?) against (18.81 & 16.98 Ibfinch?) for the freshy picked fruits in
2003 and 2004 seasons, respectively. Besides, twenty one days cold stored fruits were
more softy (1.79 & 2.10 Ibfinch?) than fourteen days cold stored fruits (3.00 & 2.88
Ib/inch?) and seven days cold stored fruits (4.46 & 4.67 Ibfinch?) in 2003 and 2004
seasons. The differences were obvious to be significant.

Evaluating specific effect of the tested treatments, Tables (25.b & c) show
that 1 & 2% CaCl, treatments surpassed all tested treatments in increasing fruit
firmness. On contrary, 2% yeast suspension treatment induced significant reduction in
fruit firmness. The rest treatments scored inbetween values in this concern.

With respect to specific effect of days on shelf, it is easy to realize that
keeping the cold stored fruits on shelf for six days resulted in reduction of fruit firmness
(1.15 & 1.10 Ib/inch?) compared with those received no shelf treatment (4.77 & 4.92
Ib/inch?), whereas those kept on shelf for three days scored inbetween values (1.90 &
2.10 Ib/inch?) for the first and second seasons, respectively. The differences between
these periods were high to be significant.

Focusing on the interaction effect between treatments, storage period and
days on shelf, out of these interactions, the combinations of seven day cold storage
period with zero day on shelf scored absolutely higher values, followed descendingly
by the analogous ones of fourteen days cold storage period with zero day on shelf and
twenty-one days cold storage duration with zero day on shelf. The differences were
pronounced to be significant. On the other hand, the combinations of twenty eight cold
storage period x three days on shelf or zero day on shelf, combinations of twenty one
cold storage duration x three days on shelf, fourteen days cold storage period x Six
days on shelf and seven days cold storage period x six days on shelf and seven days
cold storage duration x six days on shelf produced in most cases similar values in this
respect.

Moreover, the combinations of twenty-eight days cold storage duration with six
days on shelf registered the lowest values. Shortly, twenty-eight cold stored fruits, kept
on shelf for six days and treated with 50 ppm GAs or 1% yeast suspension in the first
season and 25 ppm GAs or 2% yeast suspension in the second one were the most
softy fruits. On reverse, seven days cold stored fruits, kept on shelf for zero day and
treated with 1% CaCl, were the most firm fruits.

YoV

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Tables (25.b)

YA

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Tables (25. ¢)

Y9

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

c. Cold storage at 10°C

Concerning specific effect of storage period, Tables (25.d & e) reveal that
prolonging the storage period at 10°C, increased softness of Zebda mango fruits. The
longer the storage period (28 days), the more was the softness of mango fruits (2.21 &
2.74 Ibfinch?) against (18.81 & 16.98 Ibfinch?) for freshy harvested Zebda fruits in the
first and second seasons, respectively. Besides, seven days cold stored fruits were
more firm (5.44 & 5.90 Ib/inch?) than those cold stored for fourteen days (3.76 & 4.23
Ib/inch2) and twenty-one cold stored fruits (2.61 & 3.19 Ib/inch?) during 2003 and 2004
seasons, respectively. The differences between the studied cold storage periods were
pronounced to be significant.

In regard to specific effect of the tested pre-harvest treatments, Tables
(25.d & e) indicate that 1 & 2% CaCl, treatments induced high positive effect on fruit
firmness in a descending order. On reverse, 2 & 1% yeast suspension treatments
scored the lowest values of fruit firmness. The rest treatments came inbetween in this
respect.

Pointing to specific effect of days on shelf, the statistical analysis illustrates
that Zebda mango fruits became more softy when left on shelf for six days (1.40 & 1.50
Ib/inch?) compared with those just removed from cold stores and did not subject to
shelf treatment (6.98 & 7.90 Ib/inch?), whereas those left on shelf for three days after
removal from cold stores scored (2.14 & 2.65 Ib/inch?) during the first and second
seasons, respectively. The differences between the recorded data were pronounced to
be significant.

Discussing the interaction effect between treatments storage period and
days on shelf, statistical analysis demonstrates that the combinations of seven days
cold storage with zero day on shelf produced absolutely the highest values of fruit
firmness, followed descendingly by the analogous ones cold stored at 10°C for
fourteen and twenty one days with zero day on shelf. On reverse, the most softy fruits
were produced by the following combinations twenty-eight, twenty one, fourteen and
seven days storage periods with six days on shelf. The differences between the
aforementioned combinations in most cases were lacking from the statistical
standpoint. The remained combinations scored inbetween values in this concern. The
most softy fruits were produced by the combinations of twenty cold storage periods x
three days on shelf x 500 ppm GAs treatment in 2003 season and the control “tap
water” in 2004 season. On contrary, the most firm fruits were observed with the
combinations of seven days cold storage x zero day on shelf x 1% CaCl, treatments in
both seasons.
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Mango softening is considered one of the several problems associated" with
the marketing of mango fruit. Mangoes soften very quickly and extensively. Loss of
fruit firmness increased susceptibility to bruising and decay during shipping and
storage. The decrease in fruit firmness with the progress of storage period is due
mainly to decomposition of enzymatic degradation in insoluble protopectins to more
simple soluble pectins, solubilization of cell and cell wall contents as a result of the
increasing in pectin esterase activity (Deshpande and Salunkhe, 1964). Roe and
Bruemmer (1981) followed the changes in pectic substances and enzymes during
ripening and storage of "Keitt" mangoes. The relationship between the distribution
of pectic substances and tissue softening was examined in harvested mangoes
ripened at 21°C to reach four stages of ripeness. They found that water-soluble
and alkali-soluble pectin declined and ammonium-oxalate-soluble pectin increased
as the mango lost its firmness. Polygalacturonase and cellulase activities of cell
wall preparations increased markedly during ripening. The decline in alkali-soluble
pectin and the increase in polygalacturonase activity were well correlated with the
loss of firmness. When ripe mangoes were stored at 4°C alkali-soluble pectin
declined slowly, and this decline was again correlated with loss of firmness. The
cellulase activity of cell wall preparations also increased during storage at 4°C and
the increase was correlated with the loss in firmness. Generally, softening in fleshy
fruits is primarily due to cell wall modification during ripening (Mitcham and
McDonald, 1992).

The enhancement and positive affect of the tested pre-harvest GAs sprays
on fruit firmness is in agreement with the earlier reports of Coggins and Henning
(1985) on Valencia orange and Fidelibus et al. (2002) on orange fruits.

CaCl, treatment applied on Zebda mango fruits showed higher significant
flesh firmness for refrigerated fruits at 10, 15°C or those held at ambient
temperature (28+2°C). This result can explained with the effect of Ca on fruit
softening where it is an essential part of the cell wall structure and it also influences
cell membrane integrity (Fallahi et al., 1997). CaCl, treatment may delay
glactolipid breakdown, increase the rate of sterol conjugation and they affect
membrane organization and function during the postharvest life of fruits (Picchioni
etal., 1995).
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The decrease in reduction rate of flesh firmness during storage due to the
tested pre-harvest sprays of CaCl, is in agreement with earlier reports of
Evangelista et al. (2000), Silva and Menezes (2000) and Chitarra et al. (2001)
on mango fruits cv. Tommy Atkins. They realized that Ca treatments succeeded in
reducing the less of firmness fruits during storage. This result was also supported
by Gupta et al. (1987b) on jack fruit, Gupta and Neena (1988) on ber fruits,
Raychaudharyi et al. (1992) on guava fruits cv. L. 49, Tripathi and Bhatgava
(1993) on Red Delicious apple fruits, Ali et al. (1995) on Red raspberries cv.
Sceptar, Siddiqui and Bangerth (1995) on Golden Delcious apple fruits and Brar
et al. (1997) on peach fruits cv. Shan-1-Punjab.

[[ 4.2.3.4. Pulp carotenoids content ﬂ

a. Storage under ambient room conditions

As for specific effect of storage period, Table (26.a) demonstrate that
keeping Zebda mango fruits under ambient room conditions for fourteen days
induced a remarkable increment in fruit pulp carotenoids content (2.05 & 1.87
mg/100 g F.W.) against (0.57 & 0.53 mg/100 g F.W.) for the freshy harvested fruits
in 2003 and 2004 seasons, respectively. Besides, room stored fruits for seven days
scored (1.23 & 1.25 mg/100 g F.W.) in the first and second seasons, respectively.
Generally, the differences between the aforementioned storage periods were
pronounced to be significant.

Referring to specific effect of the tested pre-harvest treatments, it is
quite clear from Table (26.a) that 2 & 1% yeast suspension-treated fruits were the
richest ones, regarding pulp carotenoids content. On contrary, control and 2%
CaCl, treatments in 2003 season and 50 & 75 ppm GAs treated fruits in 2004
season showed the lowest values of pulp carotenoids content. The rest treatments
came inbetween in this respect without significant differences in most cases.

Examining the interaction effect between treatments and storage
period, tabulated data illustrate that the combinations of fourteen days storage
period dominated the analogous ones of seven days storage period in enhancing
pulp carotenoids content.
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On the other hand, the combinations of freshy harvested fruits (zero day
storage) registered the lowest values in this sphere. Briefly, fresh harvested fruits
treated with 25 ppm GAs in 2003 season and 2% CaCl, in 2004 season scored the
lowest values, whereas 2% yeast suspension treated fruits stored under ambient room
conditions for fourteen days gave the highest values of pulp carotenoids content. Other
combinations took an intermediate positions between the aforementioned two
categories.

b. Cold storage at 15°C

Pointing to specific effect of storage period, Tables (26.b & c¢) show that
there was a steadily increment in pulp carotenoids content with the advancement of
storage period. In this respect, cold storage of Zebda mango fruits at 15°C for
twenty-eight days induced the highest positive effect on pulp carotenoids content
(1.37 & 1.32 mg/100 g F.W.) compared with the analogous ones did not subject to
cold storage treatment (0.58 & 0.53 mg/100 g F.W.) in 2003 and 2004 seasons,
respectively. Moreover, twenty one days storage period surpassed the
corresponding ones of fourteen and seven days storage periods. The differences
between the five storage periods were so high to be significant.

Focusing on specific effect of tested pre-harvest treatments, the statistical
analysis proves that the response of pulp carotenoids content to the studied treatments
change from one season to another. In 2003 season, all tested treatments failed to
induce a positive effect on pulp carotenoids content in comparison with the control.
However, 2% yeast suspension treatment surpassed the rest treatments in enhancing
pulp carotenoids content. On contrary, 25 ppm GAs and 2% CaCl; treatments showed
to be the least efficient treatments in this concern.

The rest treatments produced an intermediate values in this sphere. On the
other hand, in 2004 season 75 ppm GAsz and 2% yeast suspension treatments
exerted significantly higher positive effect on pulp carotenoids content in
comparison with 25 ppm GAz and 1 & 2% CaCl, treatments. The remained
treatments gave statistically similar values to those of aforementioned treatments.
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Concerning specific effect of days on shelf, it is easy to notice that
keeping the cold stored fruits on shelf for longer period (six days) increased pulp
carotenoids content (1.51 & 1.53 mg/100 g F.W.) compared with (0.91 & 0.91
mg/100 g F.W.) for the those just removed from cold stores and did not subject to
shelf treatment in 2003 and 2004 seasons, respectively. Besides, lefting cold
stored fruits on shelf for three days occupied an intermediate position and recorded
(1.14 & 1.12 mg/100 g F.W.) in the first and second seasons, respectively. The
statistical analysis declares that the differences between the three tested periods
on shelf were significant.

Evaluating the interaction effect between the tested treatments,
storage period and days on shelf, the resulted combinations indicate that the
combinations of twenty-eight days storage period with six days on shelf had the
highest values of pulp carotenoids content, followed descendingly by the
corresponding ones of twenty-one days, fourteen days and seven days storage
period with six days on shelf. The combinations of different storage periods (28, 21,
14 and 7 days) with three days on shelf took the same trend of those with six days
on shelf. Moreover, the combinations of different storage periods (7, 14, 21 and 28
days) with zero day on shelf recorded statistically the lowest values in this respect
in an ascending order. However, the lowest values were produced by the
combinations of seven days storage period x 50 ppm GAs treatment x zero day on
shelf in both seasons. On contrary, the highest values in this concern were shown
with the combinations of twenty eight days storage period x six days on shelf x 75
ppm GAs treatment in 2003 season and 2% CacCl, treatments in 2004 season.

c. Cold storage at 10°C

As for specific effect of storage period, Tables (26.d & e) reveal that cold
storage at 10°C of Zebda mango fruits for twenty-one days induced the highest
values of pulp carotenoids in comparison with both twenty-eight days and fourteen
days storage period. Besides, the last two mentioned storage periods (21 & 14
days) surpassed those stored for seven days or those did not subject to cold
storage. Moreover, twenty-eight days storage period dominated fourteen days
storage period in enhancing pulp carotenoids content in 2003 season, whereas the
reverse was true in 2004 season. On contrary, freshy harvested fruits (did not
subject to cold storage) scored statistically the lowest values in both seasons.

Referring to specific effect of the tested treatments, the statistical
analysis demonstrates that the response of pulp carotenoids content to the tested
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treatments changed from one season to another. In this concern, Table (26.d)
shows that 2% yeast suspension-treated fruits were the richest ones regarding pulp
carotenoids contents in 2003 season, followed descendingly by the analogous
ones treated with 1% yeast and 75 ppm GAs sprays. The remained treatments
exerted not only similar but also the lowest values in this respect. On the other
side, Table (26.e) illustrates that in 2004 season, only 50 ppm GAs treatment
surpassed 1% CaCl, treatment in this sphere. The rest treatments produced similar
values even so the aforementioned treatments from the statistical standpoint.

Looking at specific effect of days on shelf, tabulated data indicate that the
longer the period on which the cold stored fruit kept on shelf the higher was the values
of pulp carotenoids content. Thereupon, cold stored Zebda mango fruits, kept on shelf
for six days scored the highest values (1.36 & 1.33 mg/100 g F.W.) against (0.75 &
0.75 mg/100 g F.W.) for those just removed from cold stores during the first and
second seasons, respectively. Besides, lefting cold stored fruits on shelf for three days
occupied an intermediate position (1.04 & 1.12 mg/100 g F.W. between the
aforementioned two shelf periods. The differences were obvious to be significant.

Examining the interaction effect between treatments, storage period
and days on shelf, the statistical analysis declares that the interaction between
three factors produced combinations with new trend. This could be showed with the
combinations of twenty one days and fourteen days storage period with six days on
shelf which produced the highest values in this concern, followed descendingly by
the corresponding ones of twenty-one days storage period with three days on shelf
and twenty-eight days storage period with six days on shelf. On reverse, the
combinations of different storage periods (7, 14, 21 and 28 days) with zero day on
shelf registered the lowest values in this sphere, particularly those of seven days
storage period. The remained combinations came inbetween the previously two
mentioned categories. Shortly, the combinations of seven days cold storage period
x zero day on shelf x 25 & 75 ppm GAz and 1% CacCl, in 2003 season and 1 & 2%
CaCl, and 75 ppm GAs treatments in 2004 season showed to be the least efficient
combinations in this concern. On the other hand, the combinations of twenty one
day cold storage period x six days on shelf x 25 ppm GAs or 2% yeast suspension
treatments in 2003 season and those of fourteen days cold storage period X Six
days on shelf x 75 ppm GAs treatment, were the most efficient combinations in
enhancing pulp carotenoids content.
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ﬂ4.2.3.5. Peel chlorophyll “a” content ﬂ

a. Storage under ambient room conditions

Pointing to specific effect of storage period, Table (27.a) reveals that the
decrease in fruit chlorophyll “a” content is proportionally with the advancement of
the storage period. The recorded data emphasize this result, hence the initial
readings of fruit chlorophyll “a” content i.e. before storage were (6.68 & 5.97
mg/100 g F.W.), whereas when Zebda mango fruits kept under ambient room
conditions for seven days, the readings were (3.42 & 2.63 mg/100 g F.W.) and the
values became much lower when storage period extended up to fourteen days to
record (2.32 & 2.15 mg/100 g F.W.) during 2003 and 2004 seasons, respectively.

Referring to specific effect of the tested pre-harvest treatments, the
statistical analysis demonstrates that there was indistinctive trend regarding the
response of fruit chlorophyll “a” content to the studied treatments throughout the
course of study. One can conclusively say that the highest values of fruit
chlorophyll “a” content were produced by 2 & 1% CaCl, treatments, whereas, 2 &
1% yeast suspension treatments took the other way around.

Examining the interaction effect between treatments and storage
period, Table (27.a) illustrates that the combinations of zero day storage (initial
readings), regardless of the tested treatments surpassed the analogous ones of
seven days storage period and the later ones predominated the corresponding
ones of fourteen days storage period, irrespective of the tested treatments.

Briefly, 2% CaCl, treated fruits, received no storage period scored the highest
values (7.15 & 6.46 mg/ 100 g F.W.), meanwhile, (1 & 2%) CaCly-treated fruits, kept
under ambient room conditions for fourteen days registered the lowest values (2.10 &
1.98 mg/100 g F.W.) during the first and second seasons, respectively.

b. Cold storage at 15°C

Looking to specific effect of storage period, Tables (27.b & c¢)
demonstrate that prolonging the cold storage period of Zebda mango fruits resulted
in decreasing fruit chlorophyll “a” content. In this respect, the initial readings before
cold storage at 15°C were the highest (6.68 & 5.97 mg/100 g F.W.), whereas
prolong cold storage period up to twenty eight days registered the lowest values
(3.06 & 2.90 mg/100 g F.W.) during 2003 and 2004 seasons, respectively. Besides,

YyYy

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Table (27.a)

YYye¢

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

twenty one days and fourteen days storage period occupied an intermediate
position in this respect, but fourteen days storage period surpassed twenty-one
days storage period in this concern. The differences between the studied storage
periods were so high to be significant.

Considering specific effect of the tested pre-harvest treatments, Tables
(27.b & c) illustrate that in 2003 season, all tested treatments induced statistically
similar effect on fruit chlorophyll “a” content, except for 2% yeast suspension
treatment which produced significantly the lowest value. On the other hand, in 2004
season, 1 & 2% CaCl, treatments dominated all tested treatments in increasing
fruit content of chlorophyll “a”. On reverse, 2% yeast suspension treatment exerted
statistically the lowest positive effect in this concern. Besides, the control treatment
and 25 & 50 ppm GAs treatments induced statistically similar effect in this respect,
but still lower than that of 75 ppm GAs treatment.

As for specific effect of days on shelf, it is quite evident from Tables (27.b
& c) that keeping Zebda mango fruits on shelf for longer period (six days) after
removal from cold stores resulted in reducing fruit content of chlorophyll “a” (3.07 &
2.70 mg/100 g F.W.), whereas the initial readings of those already removed from
cold stores were (4.48 & 4.09 mg/100 g F.W.), meanwhile those kept on shelf for
three days after removal from cold stores scored (3.66 & 3.14 mg/100 g F.W.)
during 2003 and 2004 seasons, respectively. The differences between the periods
on shelf were pronounced to be significant.

Regarding the interaction effect between tested treatments, storage
period and days on shelf, it is easy to notice that the combinations of seven days
storage period with zero day on shelf registered remarkably higher values in
comparison with all resulted combinations. Moreover, the combinations of fourteen
days storage period with zero day on shelf, seven days storage period with three
days on shelf and fourteen days storage period with three days on shelf induced
similar and higher positive effect in this respect from the statistical standpoint. On
contrary, the lowest values of fruit chlorophyll “a” were observed with the
combinations of twenty-eight days storage period with six days on shelf, followed
ascendingly by the corresponding ones of twenty-one days storage period with six
days on shelf. Other combination recorded intermediate values in this sphere.
Shortly, the lowest values of fruit chlorophyll “a” were observed with the
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combinations of (twenty-eight days storage period x control treatment x six days on
shelf) and (twenty-one days storage period x 1% yeast suspension treatment x six
days on shelf) in 2003 season as well as the combinations of control treatment, 1 &
2% yeast suspension treatments x twenty-eight days storage period x six days on
shelf). On reverse, the highest values of fruit chlorophyll “a” content were produced
by tap water treated fruits “control” or 25 ppm GAs-treated ones, stored at 15°C for
seven days and did not subject to shelf treatment in 2003 season, besides the
combinations of (1 & 2% CacCl, treatments x seven days cold storage x zero day on
shelf) in 2004 season.

c. Cold storage at 10°C

Concerning specific effect of storage period, Tables (27.d & e) explain
that fruit chlorophyll “a” content decreased with the advancement of storage period.
The statistical analysis emphasizes this statement, hence, the initial readings of
fruit chlorophyll “a” content before cold storage at 10°C were (6.68 & 5.97 mg/100
g F.W.), whereas, these readings after twenty-eight days cold storage period
scored (3.36 & 2.99 mg/100 g F.W.) during 2003 and 2004 seasons, respectively.
Moreover, seven days-cold stored fruits registered (4.76 & 4.45 mg/100 g F.W.)
against (4.31 & 3.71 mg/100 g F.W.) for those cold stored for fourteen days and
(3.60 & 3.42 mg/100 g F.W.) for the analogous ones cold stored fro twenty-one
days during the first and second seasons, respectively. The differences between
storage periods were so high to be significant.

Focusing on specific effect of the tested pre-harvest treatments, the
statistical analysis demonstrates that the trend of fruit chlorophyll “a” content in
response to the studied pre-harvest treatments changes from one season to
another. In this respect, in 2003 season 1% calcium chloride treatment was the
superior treatment in increasing fruit chlorophyll “a” content, whereas 1 & 2% yeast
suspension treatments were the least efficient treatments in this concern. Besides,
50 & 75 ppm GAs treatments induced statistically similar and higher positive effect
in this sphere than did control and 25 ppm GAs treatments. On the other hand, in
2004 seasons 2% CaCl, treatment surpassed all tested treatments in increasing fruit
chlorophyll “a” content, meanwhile 2% yeast suspension treatment took the other way
around, followed ascendingly by both the control and 1% yeast suspension treatments.
Besides, 75 ppm GAs and 1% CaCl, treatments predominated both 25 ppm GAsz and
50 ppm GAgz in an ascending order.
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Referring to specific effect of days on shelf, Tables (27.d & e) illustrate
that lefting cold stored Zebda mango fruits for longer period (six days) resulted in
reducing fruit chlorophyll “a” content (3.28 & 3.03 mg/100 g F.W.) compared with
the initial readings of those just removed from cold stored (5.04 & 4.49 mg/100 g
F.W.) and (3.70 & 3.41 mg/100 g F.W.) for those kept on shelf for three days
during 2003 and 2004 seasons, respectively. The differences were so high to be
significant.

Discussing the interaction effect between treatments, storage period
and days on shelf, Tables (27.d & e) demonstrate that the combinations of seven
days storage period with zero day on shelf proved to be the superior interaction in
enhancing fruit chlorophyll “a” content, followed descendingly by those of fourteen
days cold storage period with zero day on shelf, twenty one days storage period
with zero day on shelf and seven days cold storage duration with three days on
shelf. Moreover, the combinations of three days on shelf with different tested
treatments and storage periods (14 and 21 days) induced statistically similar values
in this respect and higher the analogous ones of the combinations of different
tested treatments x six days on shelf x storage periods (14, 21 and 28 days).
Briefly, the lowest values of fruit chlorophyll “a” content were observed with 50 ppm
GA; treated fruits in 2003 season and 1% yeast-treated fruits in 2004 season, cold
stored for twenty eight days and kept on shelf for six days. On reverse, the highest
values were produced by the combinations of 50 ppm GAs-treated fruits in 2003
season and 2% CaCly-treated fruits in 2004 season, cold stored for seven days
and did not subject to shelf treatments.

ﬂ 4.2.3.6. Peel chlorophyll “b” content ﬂ

a. Storage under ambient room conditions

Looking at specific effect of storage period, Table (28.a) demonstrates
that fruit chlorophyll “b” disappeared as storage period advanced. The disclosed
data emphasize this result, hence the initial readings o fruit chlorophyll “b” scored
(3.66 & 3.78 mg/100 g F.W.) against (1.90 & 1.89 mg/100 g F.W.) for those stored
for seven days, whereas the lowest values of fruit chlorophyll “b” (0.8 & 0.81
mg/100 g F.W.) were produced by those stored for fourteen days during 2003 and
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2004 seasons, respectively. The differences between the aforementioned storage
periods were so high enough to be significant.

Concerning specific effect of the tested pre-harvest treatments, fruit
chlorophyll “b” failed to show a distinctive trend in response to the tested
treatments throughout the two studied seasons. In 2003 season, 75 ppm GAs-
treated fruits had the highest values of chlorophyll “b” whereas, 25 & 50 ppm GAs
and 1 & 2% yeast suspension-treated fruits had statistically similar and the lowest
values in this concern. The rest treatments occupied an intermediate position
between the aforementioned two categories. On the other hand, all tested
treatments exerted statistically similar effect in this sphere, except 1% yeast
suspension treatment which recorded statistically the lowest values in this sphere.

Looking at the interaction effect between the tested treatments and
storage period, it is clear that the combinations of zero day storage period recorded
higher values of mango fruit content of chlorophyll “b” when compared with the
analogous ones of seven days storage period and in turn the later mentioned
combinations surpassed the corresponding ones of fourteen days storage period. The
differences between the three mentioned combinations categories were remarkable to
be significant. Briefly, 50 ppm GA3 and 1% yeast suspension treated fruits in 2003
season as well as 1 & 2% yeast-treated fruits, stored for fourteen days had the lowest
values in this concern. On the contrary, the initial readings (Zero day storage) of 75
ppm GA3-treated fruits in both seasons and 2% yeast suspension-treated fruits in 2004
season were the highest from the statistical standpoint.

b. Cold storage at 15°C

Regarding specific effect of storage period, it is obvious from Tables (28.b &
¢) that the initial readings of mango fruit content of chlorophyll “b” i.e. before cold
storage were the highest (3.66 & 3.78 mg/100 g F.W.) against (2.42 & 2.40 mg/100 g
F.W.) for the analogous ones cold stored at 15°C for seven days, (2.02 & 1.95 mg/100
g F.W.) for the corresponding ones, cold stored for fourteen days, (1.70 & 1.76 mg/100
g F.W.) for those cold stored for twenty one days and finally, the lowest values (1.45 &
1.47 mg/100 g F.W.) were produced by those stored for longer period (28 days) during
2003 and 2004 seasons, respectively. The differences between the five tested storage
periods were pronounced to be significant.
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As for specific effect of tested pre-harvest treatments, statistical analysis
demonstrates that the tested treatments failed to producea distinctive effect in this
respect, throughout the two studied seasons. The obtained data emphasize this
result, hence in 2003 season all tested treatments induced statistically similar effect
in this respect, except for 2% yeast suspension treatment which produced
significantly lower value. On the other hand, in 2004 season 2% yeast suspension
treatment dominated all studied treatments in increasing fruit content of chlorophyll
“b” followed descendingly by the lower concentration of CaClz (1%). Moreover, GAs
treatments (25, 50 and 75 ppm) exerted statistically similar and higher positive
effect than CacCl, treatments (1 & 2%) and the control.

With respect to specific effect of days on shelf, tabulated data declare
that prolonging the period on shelf resulted in poverty of fruit content of chlorophyll
“b”. This result was clear when the readings of fruit content of chlorophyll “b” of
those just removed from cold stores and did not subject to shelf treatment, were
the highest (2.39 & 2.39 mg/100 g F.W.) against (1.85 & 1.86 mg/100 g F.W.) and
(1.45 & 1.44 mg/100 g F.W.) for those kept for three and six days on shelf during
2003 and 2004 seasons, respectively. The differences between the three periods
on shelf were significant from statistical standpoint.

Regarding the interaction effect between treatments, storage period
and days on shelf, Tables (28.b & c) illustrate that this interaction introduced a
new combinations with distinctive effect, hence the combinations of seven days
storage period and zero day on shelf surpassed all other combinations in
increasing fruit content of chlorophyll “b” followed descendingly by the analogous
ones of fourteen days storage period with zero day on shelf, seven days storage
period with three days on shelf, twenty one storage period with zero day on shelf,
seven days storage period with six days on shelf and lastly, twenty eight storage
period with zero day on shelf. On reverse, the combinations of longer storage
period (28 days) with longer period on shelf (6 days) the lower was fruit content of
chlorophyll “b”, followed ascendingly by the corresponding ones of twenty one
storage period with six days on shelf and fourteen days storage period with six
days on shelf. Other resulted combinations came inbetween in this sphere. Shortly,
2% yeast suspension in the first season and 1% CaCl,-treated fruits in both
seasons, cold stored for twenty eight days and kept on shelf for six days gave the
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lowest values in this respect. On contrary, 25 ppm GAs-treated fruits in the first
season and 75 ppm GAs-treated ones in the second season, cold stored at 15°C
for seven days and received no shelf treatment showed to be the superior
combination regarding fruit content of chlorophyll “b” values.

c. Cold storage at 10°C

Referring to the specific effect of storage period, Tables (28.d & e)
reveal that prolonging the storage period induced a significant reduction in fruit
content of chlorophyll “b”. In this respect, the initial readings of fruit chlorophyll “b”
content i.e. before cold storage at 10°C were the highest (3.66 & 3.78 mg/100 g
F.W.), then reduced to record (2.38 & 2.46 mg/100 g F.W.) after seven days cold
storage, (2.09 & 2.20 mg/100 g F.W.) after fourteen days cold storage period, (1.77
& 1.94 mg/100 g F.W.) after twenty one days cold storage period and the lowest
values (1.58 & 1.64 mg/100 g F.W.) after twenty eight days cold storage period
during 2003 and 2004 seasons, respectively. The reduction in fruit chlorophyll “b”
content with advancement of storage period was pronounced to reach the
significant level.

Concerning specific effect of tested pre harvest treatments, statistical
analysis reveals that the studied treatments failed to induce a distinctive effect on
fruit chlorophyll “b” throughout the two seasons.

As for specific effect of days on shelf, keeping the cold stored fruits on
shelf for longer period (six days) resulted in decreasing fruit content of chlorophyll
“p”, followed ascendingly by those kept on shelf for three days. On the other hand,
the initial readings of fruit content of chlorophyll “b” of those removed from cold
stores and received no shelf treatment were the highest.

Considering the interaction effect between treatments, storage period
and days on shelf, Tables (28.d & e) show that the combinations of seven days
storage period with zero day on shelf scored statistically the highest values of fruit
chlorophyll “b” content, followed descendingly by the analogous ones stored for
fourteen days and kept zero day on shelf as well as those of twenty one days
storage period and received no shelf treatment (zero day on shelf), seven days
storage period and kept on shelf for three days, fourteen days and twenty one days
storage period and kept on shelf for three days, besides, the corresponding ones
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cold stored for twenty-eight days and did not subject to keeping on shelf nearly in
the similar level of significance. On reverse, the combinations of twenty-eight days
storage period, twenty-one days and fourteen days storage period with six days on
shelf as well as twenty-eight storage period with three days on shelf scored nearly
and in most cases similar and lower values of fruit chlorophyll “b” content. Other
combinations came inbetween the previously two mentioned categories. Briefly, the
highest values of fruit chlorophyll “b” content were produced by those treated with
1% CacCly, stored for seven days and kept zero day on shelf in 2003 season and
those treated with 1% yeast suspension, cold stored for seven days and received
no shelf treatment in 2004 season. Moreover, the lowest values were observed
with the interactions of 1 & 2% yeast suspension-treated fruits in 2003 seasons and
25 ppm GAs as well as 2% yeast suspension treated fruits, cold stored for twenty-
eight days and kept on shelf for six days in 2004 season.

”4.2.3.7. Peel carotenoids contentﬂ

a. Storage under ambient room conditions

As for specific effect of storage period, it is clear from Table (29.a) thatin
both seasons, the longer the storage period (14 days) the higher was the peel
content of carotenoids (5.09 & 4.99 mg/100 g F.W.) in 2003 and 2004 seasons,
respectively. Besides, seven days storage of Zebda mango fruits under ambient
room conditions resulted in enhancing peel carotenoids content (4.78 & 4.77
mg/100 g F.W.) in comparison with the initial, readings of peel carotenoids content
l.e. zero storage period (2.96 & 2.98 mg/100 g F.W.) during 2003 and 2004
seasons, respectively. The differences between the aforementioned three storage
periods were pronounced to reach the significance level.

Referring to specific effect of the tested pre harvest treatments,
statistical analysis declares that peel carotenoids content showed a fluctuated
trend from season to another. In this concern, in 2003 season tap water “control”
treatment and 1% yeast treatment induced significantly similar and higher positive
effect on peel carotenoids content in comparison with 25 ppm GAs, 2% CacCl, and
(50 & 75 ppm) GAs treatments in an ascending order. The differences between the
previously mentioned treatments and the rest treatments were so small to be
considered.
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Moreover, in 2004 season, the picture was completely changed, hence all
tested treatments exerted statistically similar and higher positive effect on peel
carotenoids content in comparison with 75 ppm GAs and 2% CacCl, treatments. The
differences between the aforementioned two treatments were significant on side of
2% CaCl

With respect to the interaction effect between treatments and storage
period, it is quite clear that the interactions of fourteen days storage period
surpassed the analogous ones of seven days storage period and the later
combinations predominated in their positive effect the corresponding ones did not
subject to storage. However, the differences between the corresponding
combinations were remarkable to be significant. Generally, untreated fruits “control”
in 2003 season and 25 ppm GAs-treated fruits stored for fourteen days proved to
be the richest ones regarding their peel carotenoids content. On contrary, the initial
readings of 25 ppm GAs-treated fruits in 2003 season and 75 ppm GAs-treated
fruits in 2004 season were the lowest from the statistical standpoint.

b. Cold storage at 15°C

Discussing specific effect of storage period, Tables (29.b & c) illustrate
that evaluated storage periods could be arranged in descending order regarding
their positive effect on peel carotenoids content as follows: twenty eight days (4.10
& 4.12 mg/100 g F.W.), twenty one days (3.97 & 4.06 mg/100 g F.W.), fourteen
days (3.82 & 3.90 mg/100 g F.W.), seven days (3.71 & 3.72 mg/100 g F.W.) and
initial readings i.e. zero day storage (2.96 & 2.98 mg/100 g F.W.) during 2003 and
2004 seasons, respectively. The differences between the aforementioned storage
periods were obvious to be significant.

Looking at specific effect of the tested pre-harvest treatments, the
statistical analysis demonstrates that the effect of these treatments changed from
one season to another. In this respect, in 2003 season, 2% yeast treatment
surpassed all studied treatments in exerting positive effect on peel carotenoids
content. Moreover, tap water “control’, 25 ppm GAs and 1% yeast treatments
induced statistically similar and higher positive effect on peel carotenoids content
than did (50 & 75 ppm) GAs and (1 & 2%) CaCl, treatments. However, the
significant differences between the members of the last category were lacking.
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As for specific effect of days on shelf, it is easy to notice from the statistical
analysis that the longer the storage period at 15°C, kept on shelf, the higher was
the peel carotenoids content. Thereupon, cold stored fruits, kept for six days on
shelf recorded the highest values of peel carotenoids content (4.38 & 4.31 mg/100
g F.W.), followed descendingly by the analogous ones, kept on shelf for three days
(3.98 & 4.66 mg/100 g F.W.), whereas the initial readings of cold stored fruit (did
not subject to shelf conditions) recorded the lowest values (3.35 & 3.49 mg/100 g
F.W.) in 2003 and 2004 seasons, respectively. The differences between the
aforementioned periods on shelf were so high to be significant.

Examining the interaction effect between treatments, storage period
and days on shelf, Tables (29.b & c) declare that the interactions of twenty eight
days, twenty one days and fourteen days storage period with six days on shelf
recorded similar and higher values of peel carotenoids content in comparison with
most studied combinations. Besides, the combinations of twenty eight days and
twenty one days with three days on shelf as well as the analogous ones of fourteen
days and seven days storage period with six days on shelf came next in this
descending order and induced statistically similar effect in this concern. On
contrary, the lowest values of peel carotenoids content in an ascending order were
produced by the combinations of seven days (in particular), fourteen days, twenty
one days and twenty eight days storage periods with zero day on shelf, as well as
the corresponding ones of seven days storage period with three days on shelf.
However, the differences between the aforementioned combination categories in
most cases were significant. Briefly, the least efficient combinations in this sphere
were GAs treatments (25, 50 and 75 ppm) and 1% yeast treatment, whereas the
most prospective combination in this concern was 2% yeast suspension-treated
fruits, cold stored at 15°C and kept on shelf for six days.

c. Cold storage at 10°C

As for specific effect of storage period, (Table 29.d & e) show that
prolonging the cold storage period at 10°C for twenty one days gave statistically
higher values of peel carotenoids content in comparison with fourteen days, seven
days and the initial readings. Extending the storage period up to twenty-eight days
failed to induce an additional positive effect on peel carotenoids content. The initial
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readings of peel carotenoids content (fruit did not subject to cold storage) were the
lowest from the statistical standpoint. Moreover, twenty one days storage period
exerted more positive effect in this concern than did seven days storage period in
2003 season. Such superiority disappeared in 2004 season.

Analyzing specific effect of the tested pre-harvest treatments, in 2003
season 2% yeast suspension treatment predominated all studied treatments in
enhancing peel carotenoids content. Besides, tap water treatment “control”, (25 &
50 ppm) GAs and the lower concentration (1%) of both CaCl, and yeast
suspension treatments induced statistically similar effect and surpassed 75 ppm
GAz and 2% CaCl, treatments.

On the other hand, in 2004 season the trend was changed, hence 1% yeast
suspension treatment was the superior treatment in enhancing peel carotenoids
content. On reverse, 2% CaCl, showed to be the least efficient treatments in
producing positive effect in this respect. Other tested treatments gave statistically
similar values and came inbetween the previously two mentioned categories.

Reading specific effect of days on shelf, Tables (29.d & e) illustrate that
the longer the period of keeping the cold stored fruits on shelf, the higher were the
values of peel carotenoids. Consequently, cold stored fruits, kept on shelf for six
days scored the highest values (4.15 & 4.16 mg/100 g F.W.) against (4.01 & 3.94
mg/100 g F.W.) for the analogous ones kept on shelf for three days, whereas the
readings of fresh cold stored fruit (did not receive shelf treatment) recorded the
lowest values in this concern (3.30 & 3.32 mg/100 g F.W.) during 2003 and 2004
seasons, respectively. The differences between the three periods were high
enough to be significant.

Pointing to the interaction effect between treatments, storage period
and days on shelf, Tables (29.d & e) illustrate that the combinations of different
storage periods (28, 21, 14 and 7 days) with six and three days on shelf induced
statistically similar and higher positive effect on peel carotenoids content. On
contrary, the interactions of different evaluated storage periods (7, 14, 21 and 28
days) with zero day on shelf exerted in an ascending order the least significant
prospective effect in this sphere. The differences were significant on positive
prospective side of twenty eight storage period when compared with seven days
storage period. In summary, 25 and 75 ppm GAsz as well as 2% CaClo-treated
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fruits, stored for seven days at 10C and kept for zero day on shelf showed to be the
least efficient combination in stimulating carotenoids formation in Zebda mango
fruit peel, whereas 1% yeast suspension-treated fruits stored for twenty one days
at 10°C and kept for six days on shelf and 1% yeast-suspension-treated fruits,
stored for twenty-eight days and kept for six days on shelf proved to be the most
prominent combinations in enhancing carotenoids formation in peel of Zebda
mango fruit in the first and second seasons, respectively.

The synthesis of carotenoids in the pulp is accompanied by changes in the
ultrastructure of plastids. So, as ripening proceeds, tubular structures visible in the
plastids of unripe fruit are lost, while osmiophilic globules increase in size and
number (Parikh et al., 1990 on Alphonso mango). In a series of studies Modi et al.
(1965) and Mattoo et al. (1968) illustrated that the synthesis of carotenoids in
mango fruits involves mevalonic acid and geraniol as precursors via the same bio
synthetic pathway of carotenogenesis established in other species.

During ripening of Tommy Atkins mangoes, Medlicott et al. (1986) observed
a rapid destruction of chlorophyll, with chlorophyll "a" preferentially degraded
relative to chlorophyll "b", while the carotenoids level increases. A more rapid loss
in chlorophyll "a" is typically observed in senescence (Simpson et al., 1976).
Furthermore, the plastid thylakoid membrane systems in the peel are gradually
broken down during ripening, while osmiophilic globules enlarge and increase in
number. This loss of granal membrane integrity is associated with chlorophyll
degradation, while the appearance of osmiophilic globules accompanies increases
in carotenoid levels, indicating the transformation of the chloroplast to a
chromoplast containing red or yellow carotenoid pigments (Medlicott et al., 1986
on Tommy Atkins mangoes and Parikh et al., 1990 on Alphonso mangoes). On the
other hand, the synthesis of carotenoids in mangoes involves mevalonic acid and
geraniol as precursors via the same synthetic pathway of carotenogenesis
established in other species (Modi et al., 1965 and Mattoo et al., 1968). In
addition, Mattoo et al. (1967 & 1968) observed an increase in the mevalonic acid
and geraniol content during ripening in Alphonso mangoes, and revealed that
phosphatase enzyme is a key factor in regulating the carotenogenesis in ripe
mangoes.
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The obtained results dealing with GAs affect on improving beta-carotene
concentrations, delaying pigmentation and enhancing the intensity of juice colour
are in accordance with the findings of Kumar and Singh (1993) on Amrapali
mango fruits, Duarte et al. (1995) on mandarin fruits and El-Kassas et al. (1995)
on Manfalouty pomegranate fruits.

The recorded results dealing with CaCl, pre-harvest sprays affect on
maintaining fruit quality, enhancing fruit quality infinitely or improving juice colour
intensity during storage are in harmony with earlier reports of Gupta and Neena
(1988) on ber fruits, Ranjit et al. (1990) on grape cv. Delight, Raychaudharyi et
al. (1992) on guava fruits cv. L. 49, Singh et al. (1993) on mango fruits cv.
Dashehari, Ali et al. (1995) on raspberries cv. Sceptar and Enl-Kassas et al.
(1995) on pomegranate fruits cv. Manfalouty. Such prospective affects were
achieved when calcium was sprayed as a pre-harvest treatment in the form of
calcium chloride at 0.6-2.0% or calcium nitrate at 0.75-2.50%.

4.2.2.8. Fruit Total Soluble Solids Percentage (T.S.S.%)

a. Storage under ambient room conditions

Referring to specific effect of storage period, Table (30.a) illustrates that
fruit total soluble solids percentage accumulates as the storage period advanced.

The obtained data explain this result, hence the initial storage (zero day
storage) recorded statistically the lowest fruit total soluble solids percentages
(10.62 & 11.55), whereas seven days-stored fruits scored (16.07 & 16.53) and
fourteen days-stored fruits gave (17.58 & 17.90) during 2003 and 2004 seasons,
respectively.

Concerning specific effect of the tested pre-harvest treatments, out of
all studied treatments only, 1% yeast suspension treatment scored statistically
higher fruit total soluble solids percentage in comparison with the control. The rest
treatments in addition to the control recorded similar values of fruit total soluble
solids from the statistical standpoint.

Evaluating the interaction effect between the tested treatments and
storage period, the resulted combinations indicate that the interactions of fourteen
days storage period surpassed the analogous ones of seven days storage period in
enhancing fruit total soluble solids percentage. On the other hand, the
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combinations of fresh harvested fruits (zero day storage) registered the lowest
values in this sphere. Briefly, fresh harvested fruits treated with 75 ppm GAs and
2% CaCly in 2003 season and 50 ppm GAsz in 2004 season scored the lowest
values, whereas, 1% yeast suspension treated fruits in 2003 season and 50 ppm
GA; treated fruits in 2004 season, stored under ambient room conditions for
fourteen days gave the highest values of fruit total soluble solids percentage. Other
combinations recorded inbetween values its storage duration.

b. Cold storage at 15°C

As for specific effect of storage period, it is quite clear from Tables (30.b
& c) that prolonging the storage period increased the accumulation of total soluble
solids in Zebda mango fruits.

The reported data emphasized this result, where the initial reading of fruit
total soluble solids scored (10.62 & 11.55%) against (13.96 & 14.33%) for seven
days stored fruits, (14.83 & 14.96%) for fourteen days stored fruits, (15.42 &
15.46%) for twenty one stored fruits and finally (15.96 & 15.91%) for twenty eight
stored fruits during 2003 and 2004 seasons, respectively. Generally, the
differences between the aforementioned storage periods were obvious to reach the
significance level.

With respect to specific effect of the pre-harvest treatments, statistical
analysis declares that the tested treatments failed to induce a distinctive and
remarkable effect in this concern throughout the two seasons of study.

Regarding specific effect of days on shelf, it is easy to notice that lefting
fruits on shelf after removal from cold stores resulted in increasing fruit total soluble
solids percentage. This was more obvious with prolonging the duration on shelf. In
this concern, fruits kept zero day on shelf i.e. reading immediately after removal
from cold storage scored (14.10 & 14.23%) against (14.93 & 15.12%) for those
kept on shelf for three days and (16.10 & 16.14%) for those kept six days on shelf.
The differences between the studied number of days durations on shelf were so
high to be significant.

Referring to the effect of interaction between the tested treatments,
storage period and number of days on shelf, it is obvious that this interaction
induced a new combinations, in spite of the result that the combinations of six days
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on shelf recorded the highest values of fruit total soluble solids. In this sphere, the
combinations of twenty eight storage period and six days on shelf, followed
descendingly by those stored for twenty-one days and kept on shelf for six days,
the analogous ones stored for fourteen days and kept on shelf for six days and
those stored for twenty eight days and kept on shelf for three days. On contrary,
the combinations of zero day on shelf, particularly those stored seven days and
those stored for fourteen days scored ascendingly the lowest values of fruit total
soluble solids. Briefly, 2% CaCl,-treated fruits stored for twenty eight days and kept
on shelf for six days showed to be the efficient combination in enhancing fruit total
soluble solids, whereas 2% CaCl,-treated fruits, stored for seven days and kept on
shelf for zero day showed to be the lowest ones in their total soluble solids content.

c. Cold storage at 10°C

Regarding the specific effect of storage period, Tables (30.d & e)
demonstrate that prolonging storage period up to three weeks induced a pronounced
positive effect on fruit total soluble solids content. The differences between the
aforementioned three storage periods i.e. one week, two weeks and three weeks were
obvious to be significant. Besides, extending the storage period to four weeks (28
days) failed to exert an additional positive effect on fruit total soluble solids content
during the two seasons of study.

Considering specific effect of tested pre-harvest treatments, obtained data
reveal that there was a fluctuated trend regarding the response of fruit total soluble
solids to the tested treatments. However, in 2003 season 25 GAs-treated fruits had
statistically higher total soluble solids than the corresponding ones of 1 & 2% CaCl,
treated fruits. The significant differences between the remained treatments including
CaCl, treatments and 25 ppm GAsz were insignificant from the statistical standpoint.

Moreover, in 2004 season, 2% yeast suspension treatment enhanced fruit total
soluble solids percentage in comparison with 50 ppm GAs and 1 & 2% CaCl
treatments. The rest treatments involving the aforementioned treatments exert
statistically similar effect in this sphere.

Referring to specific effect of days on shelf, it is clear that in both seasons,
the increment in fruit total soluble content in early proportionated with the number of
days on shelf. In this concern, cold stored fruits, kept on shelf for six days recorded the
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highest total soluble solids values (15.26 & 15.60%) against (14.42 & 14.78%) for the
analogous ones cold stored and kept on shelf for three days, whereas those cold
stored and kept zero day on shelf scored the lowest values of total soluble solids
percentage (13.87 & 13.81%) during 2003 and 2004 seasons, respectively.

Considering interaction effect between storage period, tested pre-harvest
treatments and days on shelf, Tables (30.d & e) illustrate that this interaction exert
combinations with high efficiency on fruit total soluble solids percentage. Briefly, these
combinations could be descendingly arranged as follows: (twenty one days storage
period x six days on shelf), (twenty eight days storage period x six days on shelf),
(fourteen days storage period x six days on shelf) and lastly, (seven days storage
period x six days on shelf). The combinations of three days on shelf took the same
trend of six days on shelf combinations. On reverse, the combinations of zero day on
shelf scored the lowest values of fruit total soluble solids, particularly those of seven
days storage period. However, Zebda mango fruits cold stored for twenty one days,
treated with 1% CaCl, and kept on shelf for six days proved to be the most effective
combination in enhancing fruit total soluble solids content, whereas cold stored fruits for
seven days treated with 2% CaClp, and kept on shelf for zero day recorded the lowest
values of total soluble solids.

The gradual increase in T.S.S. percentage with the raise of temperature, and
storage period could be due to the degradation of complex insoluble compounds, like
starch to simple soluble compounds like sugars ((Morga et al., 1979 worked on
Caraboa mangoes; Fuchs et al., 1980; Lam et al, 1985 on Golek Mangoes; Joshi
and Roy, 1988 on Alphonso mangoes and Selvaraj et al. 1989) and also other
complex insoluble components which degrade to soluble forms (Brinson et al., 1988
working on Ngowe mangoes). Furthermore, sugars are considered the major
component of soluble solids in mango fruits (Kulkarni and Rameshwar, 1981 on
Totapari and Dashehari mangoes and Brinson et al., 1988 on Ngowe mangoes).
Such changes may increase with the increase in storage temperature as a catalytic
factor. Also, those changes increased with the progress of storage time, which allow
the accumulation of soluble solids in the fruit tissues, so, soluble solids percentage was
a resultant of temperature and storage period.

Yo

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Tables (30.d)

Yov

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Tables (30. e)

YoA

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

The obtained results concerning the enhancing affect of GAs as a pre-harvest
treatment at 5-100 ppm on fruit quality in term of soluble solids are in harmony with the
findings of Kumar and Singh (1993) on Amrapali mango fruits, El-Kassas et al.
(1995) on Manfalouty pomegranate, Mir et al. (1995) on cherry fruits and
Jayachandran et al. (2005) on guava. On contrast, Modesto et al. (1999) and
Choudhury et al. (2003) mentioned an opposite affect on T.S.S. of mandarin and
sapota fruits.

The tabulated results of calcium as a pre-harvest treatment in the form of
Ca(OH),, Ca(NOs), and CaCl, which illustrate its affect on retaining and inducing
higher total soluble solids percentage of Zebda mango fruits during storage are in
harmony with the analogous ones mentioned by Callan (1986) on cherry fruits cv.
Lambert, Gupta et al. (1987a), Gupta and Neena (1988) on ber fruits, Branijit et al.
(1990) on grape cv. Delight, Raychaudharyi et al. (1992) on guava fruits cv. Lucknow
49, El-Kassas et al. (1995) on Manfalouty pomegranate fruits, Siddiqui and
Bangerth (1995) on peach fruits cv. Shan-1-Punjab and Kluge et al. (1999) on fruits
cv. Tommy Atkins. On reverse, Choudhury et al. (2003) mentioned an opposite trend
in this respect, when they worked on Sapota fruits cv. Pala.

4.2.3.9. Fruit Reducing Sugars percentage

a. Storage under ambient room conditions

With respect to specific effect of storage period, Table (31.a) shows that the
increment in reducing sugars content of Zebda mango fruits is in proportional with the
advancement of storage period. The recorded data emphasize this result, hence the
fresh fruits (zero day storage) scored (4.64 & 4.86%) against (7.14 & 7.24%) for the
corresponding ones stored for seven days and (7.50 & 7.76%) for the analogous ones
kept under room ambient conditions for fourteen days during 2003 and 2004 seasons,
respectively. The differences between the storage periods were pronounced to be
significant.

Regarding specific effect of tested pre-harvest treatments, statistical
analysis demonstrates that fruit reducing sugars content showed a fluctuated and
indiscriminate response to the studied treatments, hence in the first season 2% yeast
suspension treatment recorded the highest values of fruit reducing sugars content, but
still insignificant when compared with other tested treatments, except for 2% CaCl, and
25 & 50 ppm GAs treatments where the differences were so high to be significant.
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Moreover, in the second season, tap water-sprayed fruits “control” scored
the highest values of reducing sugars content, but still similar to those of other
tested treatments from the statistical standpoint except for 1% yeast and 2% CacCl,
treatments where the differences were significant.

Referring to the interaction effect between the tested treatments and
storage period, the resulted interactions illustrate that the combinations of
fourteen days storage period predominated the analogous ones of seven days
storage period in enhancing fruit reducing sugars content and the later ones
surpassed the corresponding ones of unstored fruits (Zero day storage). The
differences in most cases were significant when comparison with conducted under
the same pre-harvest treatments. Briefly, 2% CaCl, sprayed fruits and unstored
recorded the lowest values of reducing sugars content (4.57 & 4.84%), whereas,
those sprayed with 1% CaCl, in 2003 season and sprayed ones with tap water
“control” in 2004 season and stored for fourteen days scored the highest values of
reducing sugars (7.58 & 7.65%), respectively.

b. Cold storage at 15°C

Considering specific effect of storage period, Tables (31.b & c) reveal
that the highest fruit reducing sugars percentage according to the storage periods
at 15°C could be descendingly arranged as follows: twenty-eight days storage
period, twenty one days storage period, fourteen days storage period, seven days
storage period and lastly unstored fruits (fresh ones). However, the differences
between the storage periods were obvious to be significant.

Referring to specific effect of tested pre-harvest treatments, statistical
analysis indicates that these studied treatments failed to induce a distinctive and
remarkable effect on fruit reducing sugars content, except 2% CaCl, treatment which
exerted the lowest values in this respect in comparison with most treatments in 2003
season. Such negative effect of 2% CaCl, treatment disappeared in 2004 season.

Concerning specific effect of number of days on shelf, it is quite evident that
as the period at which cold stored fruits kept on shelf extended, the fruit reducing
sugars content increased. In this field, cold stored fruits kept for six days on shelf
recorded (7.10 & 7.20%) whereas the analogous ones kept for three days on shelf
scored (6.50 & 6.59%), meanwhile, the readings for those immediately removed from
cold stores (15°C) were (5.65 & 5.64%) for the first and second seasons, respectively.
The differences were significant from the statistical standpoint.
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Regarding the interaction effect between treatments, storage period
and days on shelf, it is clear from Tables (31.b & c) that the highest readings of
fruit reducing sugars content were noticed in descending order with the
combinations of twenty eight days storage period and six days on shelf, twenty-one
days storage period and six days on shelf, fourteen days storage period with six
days on shelf, seven days storage period with six days on shelf. The differences
were significant when a specific combination of storage period and days on shelf
was compared with the analogous one of a shorter storage period and the same
days on shelf. On contrary, the lowest values of fruit reducing sugars content were
observed in an ascending order as follows: the combinations of zero days on shelf
and seven days, fourteen days, twenty one days and lastly twenty eight days
storage period. The interactions of three days on shelf and twenty eight, twenty
one, fourteen and seven days storage period occupied an intermediate position
between the previously two mentioned categories. Briefly, 2% CaCl,-treated fruits,
cold stored for seven days and kept zero day on shelf scored the lowest values of
reducing sugars, meanwhile, 25 ppm GAsz and 2% CaCl,-treated fruits, stored for
twenty-eight days and kept for six days on shelf proved to be the richest one in
reducing sugars content in 2003 and 2004 seasons, respectively.

c- Cold storage at 10°C

Concerning specific effect of storage period, it is obvious from Tables
(31.d & e) that cold storage periods at 10°C took a different pattern effect, hence
fourteen days storage period predominated all studied storage periods in
enhancing fruit reducing sugars content, followed descendingly by twenty eight
days storage periods, twenty one days storage period and lastly seven days
storage period. The significant differences were lacking between twenty one days
storage period and twenty-eight days storage period on one hand in 2003 season
and between twenty one days storage period and seven days storage period on
the other one in 2004 season.

As for effect of tested treatments, in 2003 season only 2% yeast
suspension treatment induced a pronounced effect on fruit reducing sugars in
comparison with 50 ppm GA3 and 2% CaCl-treatments. The remained treatments
exerted statistically similar effect to those aforementioned treatments. Moreover, in
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2004 season, 2% yeast suspension treatment showed to be the most efficient
treatment in increasing fruit reducing sugars content. On reverse, (50 & 75 ppm)
GA3 treatments and (1 & 2%) CaCl, produced statistically similar and the lowest
fruit reducing sugars content. The rest treatments produced inbetween values in
this sphere.

Regarding specific effect of number of days at which kept on shelf, it is
clear that prolonging the period of keeping cold stored fruits on shelf resulted in
increasing fruit reducing sugars content. In this respect, cold stored fruits, kept on
shelf for six days recorded the highest values of fruit reducing sugars (6.73 &
6.83%), whereas those kept for three days on shelf scored (6.21 & 6.34%),
meanwhile readings of the corresponding ones after removal from cold store
directly were (5.43 & 5.47%). However, the differences between the periods on
shelf were significant from the statistical standpoint.

Referring to the interaction effect between treatments, storage period
and days on shelf, the disclosed data demonstrate that the combinations of
fourteen days storage period and six days on shelf recorded the highest values of
fruit reducing sugars content, followed descendingly by those of seven days
storage period and six days on shelf, twenty eight days storage period and six days
on shelf and finally the corresponding ones of twenty-eight days storage period and
kept on shelf for six days. On reverse, the combinations of seven days storage
period and kept zero day on shelf recorded the lowest values in this sphere,
followed ascendingly by the analogous ones of those removed directly from
fourteen days storage period, twenty one days cold stored fruits and twenty-eight
days stored fruits and kept zero day on shelf. The rest combinations took an
intermediate position between the previously two mentioned categories. Shortly,
1% yeast suspension-sprayed fruits, stored for fourteen days and kept on shelf for
six days were the richest ones in reducing sugars content, whereas (1 & 2%)
CaCly-treated fruits, stored for seven days at 10°C and kept zero day on shelf were
the poorest ones in this sphere.
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4.2.3.10. Fruit Non Reducing Sugars percentage ﬂ

a. Storage under ambient room conditions

As for specific effect of storage period, Table (32.a) illustrates that
storage period induced a pronounced positive effect on fruit non reducing sugars
content up to seven days only. In this concern, Zebda mango fruits kept under
ambient room conditions for seven days scored higher values of non reducing
sugars (5.88 & 5.91%) against (1.86 & 1.91%) for the analogous ones received no
storage during 2003 and 2004 seasons, respectively. Prolonging the storage period
up to fourteen days failed to induce an additional positive effect in this respect.

Regarding specific effect of tested pre-harvest treatments, statistical
analysis emphasizes that Zebda mango fruits showed no significant response to
the studied treatments.

Concerning the interaction effect between treatments and storage
period, it is quite clear from Table (32.a) that the combinations of both seven and
fourteen days storage periods induced statistically similar and higher positive effect
on fruit non reducing sugars percentage as compared with the analogous ones of
non stored fruits. Shortly, 75 ppm GAs-treated fruits and (1 & 2%) CaCl, treated
fruits and received no storage scored the lowest values of non reducing sugars
percentage. On contrary, 1% yeast suspension-treated fruits and 2% CacCl, pre-
harvest sprayed ones and subjected to fourteen days storage under ambient room
conditions proved to be the richest ones regarding non reducing sugars content.

b. Cold storage at 15°C

Considering specific effect of storage period, Tables (32.b & ¢) demonstrate
that in both seasons extending the storage period up to twenty one days succeeded in
inducing a pronounced positive effect on fruit non reducing sugars content (5.13 &
4.91%) in 2003 and 2004 seasons, respectively. Moreover, extra storage period i.e.
twenty eight days storage period failed to produce an additional positive effect on fruit
non reducing sugars. Thereupon, the storage periods could be descendingly arranged
according to their positive effect on fruit non reducing sugars content as follows: (28 &
21 days), (14 days) and (7 days). The initial readings of fruit non reducing sugars
(before cold storage) were (1.86 & 1.91%), whereas it recorded (3.96 & 3.82%) for the
analogous ones cold stored for seven days (4.51 & 4.19%) for the corresponding ones
cold stored for fourteen days. The differences between the aforementioned storage
periods were remarkable to be significant.
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In regard to specific effect of tested pre-harvest treatments, statistical
analysis reveals that in 2003 season, most of studied treatments induced similar
effect in this respect, except 1% yeast suspension treatment which produced
higher positive effect in this concern than did both 50 ppm GAs and 2% CaCl,
treatments. Such exception disappeared in 2004 season.

As for specific effect of days on shelf, it is clear that there was a positive
correlation between number of days on shelf and fruit non reducing sugars content. In
this concern, cold stored fruits kept on shelf for six days scored the highest values of
non reducing sugars (5.65 & 5.47%), whereas the analogous ones kept on shelf for
three days read (4.57 & 4.52%) and lastly the initial readings after removal from cold
stores directly were (3.90 & 3.43%) for 2003 and 2004, respectively.

The differences between the three evaluated periods were obvious to be
significant.

Referring to the interaction effect between the tested treatments,
storage period and days on shelf, Tables (32.b & c) illustrate that the
combinations of twenty-eight days, twenty-one days, fourteen days and seven days
storage period and six days on shelf produced statistically similar and higher
positive effect on fruit non reducing sugars content in comparison with the
corresponding ones of 28, 21, 14 and 7 days storage periods and three days on
shelf. However, the differences between the combinations of different storage
periods and six days on shelf on one hand and the corresponding ones of different
storage periods and three days on shelf on the other one were significant from the
statistical standpoint and insignificant within each combination of storage period
and days on shelf. Besides, the combinations of different studied storage periods
and zero days on shelf produced the lowest values of fruit non reducing sugars
content, particularly those cold stored at 15°C for seven days and did not subject to
keeping on shelf. Briefly, 2% CaCl, treated fruits, cold stored for seven days and
kept for zero day on shelf scored the lowest values of non reducing sugars content.
On contrary, the richest fruits in non reducing sugars content were produced by 50
ppm GAs treatment, twenty one days storage period and six days keeping on shelf.
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c. Cold storage at 10°C

Referring to specific effect of storage period, disclosed data in Tables
(32.d & e) demonstrate that extending the storage period resulted in increasing
Zebda mango fruits of non reducing sugars content. The longer storage period (28
days), the higher was the fruit content of non reducing sugars (4.91 & 4.46%) in
2003 and 2004 seasons, respectively.

On reverse, the initial readings of non reducing sugars were (1.86 & 1.91%)
in the first and second seasons, respectively. Besides, twenty one days-stored
fruits had higher percentages of non reducing sugars (4.73 & 4.53%) than those of
fourteen days storage period (4.40 & 4.13%) and seven days storage period (3.86
& 3.70%) during 2003 and 2004 seasons, respectively. Moreover, the differences
between twenty one days and twenty eight days storage period in this concern in
the second season were so small to reach the significant level. Lastly, seven days
storage period showed to be the least efficient storage period in increasing fruit non
reducing sugars content.

With respect to specific effect of the tested pre-harvest treatments, the
obtained data declare that fruit non reducing sugars content showed a fluctuated
trend in response to the tested treatments, hence in 2003 season, most tested
treatments exerted similar effect in this concern, except 50 ppm GAs and 2% yeast
suspension treatments induced similar significant positive effect when compared
with 1% CaCl,. The picture was changed in 2004 season, where most studied
treatments produced similar effect in this respect except 75 ppm GAs, 2% CaCl,
and 1% yeast suspension treatments which gave statistically higher values in
comparison with those of 1% CaCl, treatment, only.

Concerning specific effect of days on shelf, it is obvious that increasing
the number of days, at which cold stored mango fruits kept on shelf resulted in
increasing fruit content of non reducing sugars. In this field, cold stored fruits at
10°C, kept on shelf for six days recorded statistically higher values of non reducing
sugars (5.62 & 5.48%) against (4.27 & 4.02%) for the analogous ones kept on shelf
for three days and finally (3.53 & 3.10%) for the corresponding one did not subject
to days on shelf treatment. The differences between the aforementioned periods on
shelf were high to be significant.
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As for interaction effect between the tested treatments, storage period
and days on shelf, Tables (32.d & e) illustrate that the combinations of twenty
eight days, twenty one days and fourteen days storage period and six days on
shelf induced statistically similar and higher values of fruit non reducing sugars. On
reverse, the combinations of fourteen days, twenty one days storage period and
zero day on shelf gave lower values in this respect. The lowest values of fruit non
reducing sugars content were shown with the combinations of seven days storage
period and did not receive the day on shelf treatment, particularly those treated
with 1% yeast suspension. Other combinations occupied an intermediate position
between the aforementioned categories. Briefly, the combinations of 2% yeast
suspension treatment, twenty one storage period and six days on shelf in 2003
season and 75 ppm GAs treatment, twenty one storage period and six days on
shelf in 2004 season surpassed all resulted combinations in enhancing fruit non
reducing sugars content.

ﬂ 4.2.3.11. Fruit Total Sugars percentage ﬂ

a. Storage under ambient room conditions

With respect to specific effect of storage period, Table (33.a) demonstrates
that keeping Zebda mango fruits for fourteen days under ambient room conditions
resulted in producing the highest values of fruit total sugars content (13.54 & 13.39%)
against (13.02 & 13.15%) for the analogous ones stored for seven days under room
conditions, whereas the initial readings of fruit total sugars content were (6.50 & 6.77%)
during 2003 and 2004 seasons, respectively. The differences between the
aforementioned three storage periods were remarkable to be significant.

Referring to specific effect of the tested pre-harvest treatments,
statistical analysis emphasizes that fruit total sugars content showed no significant
response to all studied treatments.

In regard to the interaction effect between the tested treatments and
storage period, the analyzed data show that the interactions of fourteen days storage
period and the analogous ones of seven day storage period produced statistically
similar and higher values even within each storage period in comparison with the
corresponding ones received no storage. Briefly, the initial readings of fruit total sugars
content scored the lowest values with 2% CaCl, treatment in 2003 season and 1%
CaCl, treatment in 2004 season.
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b. Cold storage at 15°C

With respect to the specific effect of storage period, Tables (33.b & c) reveal
that the sweetness of Zebda mango fruits enhanced as the storage period advanced.
In this concern, twenty eight days stored fruits at 15°C were the most sweety fruits
(11.99 & 11.71%), followed descendingly by those stored for twenty one days (11.62 &
11.50%), fourteen days storage period (10.83 & 10.63%) and finally those stored for
seven days (10.05 & 9.93%) during 2003 and 2004 seasons, respectively. The
differences between the aforementioned storage periods were so high to be significant.

Regarding specific effect of the tested pre-harvest treatments, statistical
analysis declares that in 2003 season most tested treatments induced similar effect on
fruit total sugars content, except 1 & 2% yeast suspension treatments produced higher
positive effect in this respect than did 2% CaCl, and 50 ppm GAs treatments. On the
other hand, in 2004 season, the tested treatments exerted statistically similar effect in
this sphere.

Concerning specific effect of days on shelf, it is clear that the longer the
period at which cold stored Zebda mango fruits kept on shelf, the higher was total
sugars content. In this sphere, cold stored fruits kept on shelf for six days recorded the
highest fruit total sugars percentages (12.75 & 12.67) against (11.07 & 11.10) for the
analogous ones, kept on shelf for three days, whereas, the initial readings of total
sugars of cold stored fruits were (9.55 & 9.06) during 2003 and 2004 seasons,
respectively. The differences between the aforementioned periods were pronounced to
be significant.

As for the interaction effect between treatments, storage period and days
on shelf, Tables (33.b & ¢) show that the combinations of twenty eight days storage
period, twenty one days storage period, fourteen days storage period and seven days
storage period with six days on shelf achieved statistically the highest and similar
values in comparison with all resulted combinations. The differences between the
different mentioned combinations were lacking from statistical standpoint. Also, the
differences between each combination members were significant. The combinations of
seven days storage period and fourteen days storage period with zero day on shelf
recorded similarly the lowest values of fruit total sugars percentage. The combinations
of the different storage periods (7, 14, 21 and 28 days) with three days on shelf
occupied an intermediate position between the aforementioned two categories. Shortly,
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50 ppm GAs-treated fruits, cold stored for seven days at 15°C and did not subject to
shelf treatment had the lowest values of total sugars percentages (7.68 & 7.25) during
the first and second season, respectively. On the other side, the highest values of total
sugars percentage were produced by 1% yeast suspension treated fruits cold stored
for twenty eight days and kept on shelf for six day in 2003 season and 2% yeast
suspension treated fruits cold stored for twenty eight days and kept on shelf for six
days in 2004 season.

c. Cold storage at 10°C

Considering specific effect of storage period, Tables (33.d & e) indicate
that the longer the storage period (28 days) at 10°C, the higher was the fruit total
sugars content. There were significant differences in this concern between twenty
eight days storage period and other studied storage periods, except for twenty one
days storage period in 2004 season, hence the differences was lacking from
statistical standpoint. Besides, seven days storage period induced the least
positive effect on fruit total sugars percentage. Furthermore, both fourteen days
and twenty one days storage period induced statistically similar effect in this
concern in 2003 season, but the difference of positive effect was on side of twenty
one days storage period in 2004 season.

Regarding specific effect of tested treatments, statistical analysis
llustrates that all tested treatments exerted similar effect on fruit total sugars
percentages, except 25 ppm GAs treatment produced lower value in this respect,
besides, 2% yeast suspension treatment produced significant positive effect in this
sphere in comparison with 50 ppm GAs treatment in 2004 season.

Concerning specific effect of days on shelf, it is quite clear that keeping
cold stored fruits on shelf for six days scored higher values of fruit total sugars
(12.33 & 12.31%) against (10.47 & 10.3%) for the corresponding ones kept on
shelf for three days, whereas those just removed from cold stores recorded the
lowest readings of total sugars (8.96 & 8.55%) during 2003 and 2004 seasons,
respectively. The differences between the three evaluated periods were
remarkable to be significant.
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With respect to the interaction effect between the treatments, storage
period and days on shelf, it is obvious from Tables (33.d & e) that the highest
values of fruit total sugars percentages were observed in the combinations of
twenty eight days storage period with six days on shelf, twenty-one days storage
period with six days on shelf and fourteen days storage period with six days on
shelf. The differences between the aforementioned combinations were lacking from
the statistical standpoint. Moreover, the combinations of seven days, fourteen days
and twenty-one days storage period with zero days on shelf had the lowest values
of fruit total sugars percentages particularly, those of seven days storage period.
The rest interactions came inbetween the aforementioned two categories. Briefly
1% CaCl, x seven days storage period x zero day on shelf in 2003 season and 50
ppm GAs treatment x seven days storage period x zero day on shelf in 2004
season showed to be the least efficient combinations in enhancing fruit total sugars
percentage. On reverse, the combinations of 25 ppm GAs x fourteen days storage
period x six days on shelf in 2003 season and 2% yeast suspension treatment x
fourteen days storage period x six days on shelf proved to be the superior
combinations in improving fruit total sugars percentages.

During ripening process of mango fruit starch hydrolysis resulted in
increasing total sugars with glucose, fructose and sucrose constituting most of the
monosaccharides (Selvaraj et al., 1989). Furthermore. Abou-Aziz et al. (1975)
worked on Pairi mangoes and Medlicott and Thompson (1985) worked on Keitt
mangoes, They arranged the principal sugars in mango fruits, in descending order
to: sucrose, fructose and glucose. On the other hand, Shashirekha and
Patwardhan (1976), worked on Badami mangoes and found that sucrose, fructose
and glucose constitute most of the monosaccharides, and reported to be in similar
concentrations in ripe mangoes.

The tabulated results dealing with the enhancement of fruit sugars content
during storage due to pre-harvest sprays with GAs at 5-100 ppm go in line with the
findings of Kumar and Singh (1993) on Amrapali mango fruits, El-Kassas et al.
(1995) on Manfalouty pomegranate fruits, Mir et al. (1995) on cherry fruits and
Jayachandran et al. (2005) on guava fruits. On reverse, Choudhury et al. (2003)
reported that pre-harvest treatment with GAs resulted in decreasing augmented
biochemical attributes such as sugars of sapota fruits.
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The positive and prospective obtained results of calcium as a pre-harvest
treatment in the form of calcium nitrate at 0.70-2.50% or calcium chloride at 0.6-
2.0% on fruit on fruit sugar parameters are coincided with those mentioned earlier
by Gupta et al. (1987-b) on jack fruits, Raychaudharyi et al. (1992) on guava
fruits cv. Lucknow 49, Chandra et al. (1994) on guava fruits cv. Allahabad Safeda,
El-Kassas et al. (1995) on Manfalouty pomegranate, Brar et al. (1997) on peach
fruits cv. Shan-1-Punjab and Silva and Menezes (2001) on mango fruits cv.
Tommy Atkins. On contrary, Choudhury et al. (2003) mentioned that pre-harvest
spray with calcium chloride at 2.0% decreased the augmented biochemical
attributes such as sugars of Sapota fruits cv. Pala.

" 4.2.3.12. Fruit total acidity percentage

a. Storage under ambient room conditions

Considering specific effect of storage period, it is obvious from Table
(34.a) that fruit total acidity content decreased as the storage period prolonged.
The initial fruit acidity content before storage period (zero day storage) recorded
(1.30 & 1.21%) compared with (0.28 & 0.25%) for those stored under ambient room
for seven days and (0.20 & 0.20%) for the analogous ones kept at ambient room
conditions for fourteen days during 2003 and 2004 seasons, respectively.
However, the differences between the studied periods in this respect were
pronounced to be significant.

As for specific effect of the tested pre-harvest treatments, tabulated
data reveal that the studied treatments failed to induce a remarkable effect on fruit
total acidity content, hence significant differences were lacking between the tested
treatments except for 1% CacCl, treated fruits which had significantly higher total
acidity content than 75 ppm GAs-treated ones in 2003 season and yeast
treatments (1 & 2%) which scored statistically lower values of fruit total acidity
content in comparison with the rest tested treatments in 2004 season.

Regarding the effect of interaction between the storage period and the
tested pre-harvest treatments, tabulated data illustrate that as the storage period
prolonged, the fruit total acidity decreased irrespective of the effect of the tested
pre-harvest treatments. Thereupon, the combinations of zero day storage period
(initial storage period) recorded higher values of fruit total acidity content than the
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analogous ones of seven days storage period and the later ones surpassed the
corresponding ones of fourteen days storage period. Anyhow, the differences
between the three storage period combinations were so high to be significant. The
higher values of fruit total acidity content were observed with the initial storage
period (zero day storage) particularly CaCl, at 1 & 2% and control “untreated
fruits”, whereas the lowest values of fruit total acidity content were noticed with
those stored for fourteen days storage period particularly CaCl, at 2 & 1%.
Generally, in most cases the differences between interactions within each specific
storage period were so small to reach significant level.

b. Cold storage at 15°C

Referring to specific effect of storage period, Tables (34.b & ¢) demonstrate
that prolonging the storage period induced a remarkable reductive effect on fruit total
acidity content, where the initial storage reading (zero day storage) recorded
statistically higher fruit total acidity content (1.29 & 1.21%) in comparison with (0.64 &
0.56%) for those stored for seven days at 15°C, (0.46 & 0.40%) for the analogous ones
stored for fourteen days, (0.35 & 0.31%) for the corresponding ones stored for twenty
one days and finally, (0.32 & 0.29%) for those stored for twenty eight days during 2003
and 2004 seasons, respectively. However, the differences between the studied storage
periods in this concern were significant from the statistical standpoint.

Concerning specific effect of the tested pre-harvest treatments, 2% CaCly-
treated fruits had higher total acidity content than most tested treatments especially in
the first season, whereas 75 ppm GAs-treated fruits recorded lower values of total
acidity than most studied treatments, particularly in the second season. Other tested
treatments failed to induce a remarkable effect during the two studied seasons.

As for specific effect of days on shelf, the recorded data indicate that the
initial readings of fruit acidity content after removal from cold stores (zero day on shelf)
recorded (0.70 & 0.54%) against (0.35 & 0.32%) for those kept on shelf for three days
after removing from cold stores and (0.27 & 0.26%) for the analogous ones kept on
shelf for six days after removal from cold stores. The differences between the periods
at which fruits were kept on shelf were so high enough to be significant.
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With respect to effect of interaction between tested pre-harvest
treatments, storage period and number of days on shelf, it is clear that fruit total
acidity content responded greatly to the interaction between the aforementioned three
factors and a new trend appeared as shown in Table (34.b & c), hence all
combinations of seven days storage period and zero day on shelf recorded statistically
the highest values of fruit acidity content, followed by fourteen days storage period and
zero day on shelf, the analogous ones of seven days storage period and three days on
shelf, the corresponding ones of twenty one storage period and zero day on shelf,
those of fourteen days storage period and three days on shelf and the corresponding
ones of twenty eight storage period and zero day on shelf. On reverse, the
combinations of twenty eight storage period and six days on shelf recorded the lowest
fruit acidity values. The rest combinations came inbetween the previously two
mentioned extremes.

Generally, 1 & 2% CaCl,-treated fruits, cold stored at 15°C for seven days and
kept on shelf for zero day surpassed the other studied combinations regarding their
positive effect on fruit total acidity content. On reverse, all combinations of twenty eight
storage period and kept on shelf for six days scored statistically and similarly lower
acidity content.

c. Cold storage at 10°C

In regard to specific effect of storage period, Tables (34.d & e) declare that
Zehda mango fruits at the initial storage period (Zero day storage) recorded nearly two
folds total acidity content (1.29 & 1.21%) in comparison with those stored for seven
days at 10°C (0.66 & 0.61%), whereas those stored for fourteen days scored (0.53 &
0.53%), the analogous ones stored for twenty one days recorded (0.50 & 0.50%) and
lastly, the corresponding ones stored for twenty-eight days gave (0.49 & 0.48%) during
2003 and 2004 seasons, respectively.

The differences between the studied storage periods were significant from the
statistical standpoint.

With respect to specific effect of the tested pre-harvest treatments, CaCl,
treatments (1 & 2%) and 50 ppm GAs induced statistically similar and higher fruit total
acidity content in comparison with other tested treatments. On reverse, 75 ppm GAs
and yeast at 2% treatments produced less acidic fruits. The rest treatments came
inbetween the previously mentioned two extremes.
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Concerning specific effect of days on shelf, the fruits kept for three days
scored nearly one half acidity values that of zero day on shelf, whereas those kept
on shelf for six days scored the lowest values of total acidity. This illustrates that
there was a reversible correlation between days on shelf and fruit total acidity
content.

As for the effect of interaction between tested pre-harvest treatments,
storage periods and days on shelf, it is clear from the tabulated data that the
studied factor days on shelf exerted the highest effect of the tested interactions,
hence, the combinations of seven days storage period and kept on shelf for zero
day recorded significantly higher fruit acidity content followed descendingly by
those stored for fourteen, twenty one and lastly twenty eight days and kept on zero
day shelf. Moreover, fruit stored for seven days and kept on shelf for three days
scored higher fruit acidity values than those stored for fourteen, twenty one and
twenty eight days and kept on shelf for three days. However, the differences
between the previously three mentioned combinations were nearly lacking.
Furthermore, the combinations of seven, fourteen, twenty-one and twenty-eight
days storage and kept on shelf for six days recorded nearly similar fruit acidity
values from the statistical standpoint. Briefly, seven days stored fruits, treated with
1 & 2% CaCl, and kept on shelf for zero day recorded the highest values of total
acidity. On contrary, fruits stored for fourteen days, treated with 25 ppm GAsz or
yeast at 2% and kept on shelf for six days scored the lowest values of fruit acidity.
The obtained results indicate a reductive affect of GAz as a pre-harvest treatment
at 5-100 ppm on total acidity of Zebda mango fruits towards the end of storage
period which came in accordance with those outlines by El-Kassas et al. (1995) on
Manfalouty pomegranate, Choudhury et al. (2003) on Sapota fruits and
Jayachandran et al. (2005) on guava fruits.

The recorded results of CaCl, dealing with their prospective affect on
improving fruit flavour, enhancing fruit quality infinitely or reducing fruit organic acid
content are in harmony with earlier works of Gupta et al. (1987-b) on jack fruit,
Ranjit et al. (1990) on grape cv. Delight, Brar et al. (1997) on peach fruits cv.
Shan-1-Punjab, Kluge et al. (1999) on mango fruits cv. Tommy Atkins and
Choudhury et al. (2003) on sapota fruits cv. Pala.
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H4.2.2.13. Fruit ascorbic acid content (Vitamin C)ﬂ

a. Storage under ambient room

Referring to specific effect of storage period, it is obvious from Table (35.a)
that there was a reversible correlation between fruit ascorbic acid content (mg/ml juice)
and storage period, hence fruit ascorbic acid content showed a remarkable decrease
as the storage period advanced. In this concern, the initial fruit ascorbic acid value for
those kept zero day under ambient room conditions recorded (50.03 & 50.25 mg/100
ml juice) against (35.25 & 34.00 mg/100 ml juice) for those stored for seven days and
(22.72 & 26.42 mg/100 ml juice) for those stored for fourteen days under ambient room
conditions during 2003 and 2004 seasons, respectively.

As for specific effect of pre-harvest treatments, 2% CaCl-treated fruits,
followed by those treated by the lower CaCl, concentration (1%) showed to be the
richest ones in their ascorbic acid content throughout the storage periods in
comparison with other tested treatments. On reverse, 25 ppm GAs-treated fruits in
2003 seasons and 75 ppm GAs-treated fruits in 2004 season had comparatively the
lowest values of ascorbic acid. Other tested treatments gave inbetween values in this
concern.

Concerning effect of interaction between the storage period and the tested
pre-harvest treatments, tabulated data show that fruit ascorbic acid content
decreased as the storage period advanced, irrespective of the effect of tested
treatments. Consequently, the combinations of initial (zero day) storage period
recorded higher values of fruit ascorbic acid content than the corresponding ones of
seven days storage period and their later ones surpassed the analogous ones of
fourteen days storage period. However, the higher values of fruit ascorbic acid after
fourteen days storage period were observed with those treated with 2% CaCl, and kept
for seven days under ambient room conditions (41.37 & 37.79 mg/100 ml juice) for
2003 and 2004 seasons, respectively. On contrary, the lowest values of fruit ascorbic
acid content were noticed with those treated with 25 ppm GAs and kept for fourteen
days under ambient room conditions (18.93 & 24.61 mg/100 ml juice) for 2003 and
2004 seasons. Other studied interactions scored inbetween values in this concern
within each storage period and significant differences between these combinations
were present even within each storage period.
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b. Cold storage at 15°C

With respect to specific effect of storage period, data reported in Tables
(35.b & ) illustrate that ascorbic acid content of Zebda mango fruits decreased as
the storage period prolonged regardless of the effect of the tested treatments and
number of days at which the stored were kept on shelves in both seasons. In this
respect, the average initial fruit ascorbic acid content i.e. before cold storage (zero
initial day storage) recorded (50.03 & 50.25 mg/100 ml juice) against (39.06 &
38.67 mg/100 ml juice) for those of seven days cold storage at 15°C, (31.05 &
36.43 mg/100 ml juice) for the analogous ones of fourteen days cold storage
(15°C), (27.63 & 31.96 mg/100 ml juice) for the corresponding ones of twenty one
cold-storage period and lastly (26.23 & 29.69) for those of twenty eight cold storage
period during 2003 and 2004, respectively, irrespective of number of days in which
the cold stored fruits were kept on shelves. The differences between the studied
storage periods (0, 7, 14, 21 and 28 days) were obvious to be significant.

Regarding specific effect of pre-harvest treatments, 2% CacCl, treated
fruits recorded the highest values of ascorbic acid content, followed descendingly
by the analogous ones treated with 1% CaCl, treatment and 2 & 1% yeast
suspension treatments. On reverse, GAs treatments induced a marked reduction in
fruit ascorbic acid content in comparison with the control. In this concern, GAs at 50
ppm recorded the lowest values of fruit ascorbic acid content, followed ascendingly
by 75 ppm GAs and 25 ppm GAs treatments in both season.

Concerning the specific effect of days on shelf, after cold stored fruits
kept zero day on shelf had the highest ascorbic acid values (35.57 & 39.00 mg/100
ml juice) against (30.07 & 32.89 mg/100 ml juice) for those after cold storage, kept
on shelves for three days and (27.18 & 30.66 mg/100 juice) for the fruits removed
from cold storage and kept for six days on shelves during 2003 and 2004 seasons,
respectively. However, the differences were so high to reach the significant level.

Referring to effect of interaction between the tested treatments,
storage period and number of days on shelf, it is quite clear that in both
seasons all combinations of seven days cold storage and zero day on shelf
recorded higher values of fruit ascorbic acid content than the analogous ones of
the interactions of fourteen days, twenty one days and twenty eight days storage
period and zero day on shelf, respectively. Moreover, the rest combinations of days
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on shelf (3 and 6 days), storage periods (7, 14, 21 and 28 days) and tested pre-
harvest treatments took the same trend of the previously interactions (zero day on
shelf x storage periods x the tested treatments). Consequently, each specific
treatment under seven days storage period and specific number of days on shelf
recorded higher fruit ascorbic acid value when compared with the same treatments
under the same number of days on shelf and fourteen days, twenty one days and
twenty-eight days storage period, respectively. Shortly, 2% CaClo-treated fruits,
stored for seven days at 15°C and kept on shelf for zero day proved the best
combination in enhancing fruit ascorbic acid content. On contrary 75 and 50 ppm
GAs-treated fruits stored for twenty-eight days at 15 days and kept on shelf for six
days had comparatively the lowest ascorbic acid content from the statistical
standpoint. Besides, all combinations within each storage period and days on shelf
recorded inbetween values, but the differences within each specific column
(storage period x days on shelf x tested treatments) were in most cases
pronounced to reach the significance level.

c. Cold storage at 10°C

As for specific effect of storage period, it is obvious from Tables (35.d &
e) that in both seasons Zebda mango fruits showed a gradual loss in their ascorbic
acid content as the storage period advanced.

In this respect, initial ascorbic acid values of fruits before storage recorded
(50.03 & 50.25 mg/100 ml juice) against (40.02 & 40.50 mg/100 ml juice) for those
stored for seven days, (36.24 & 38.29 mg/100 ml juice) for the analogous ones
stored for fourteen days, (29.95 & 33.73 mg/100 ml juice) for the corresponding
ones stored for twenty one days and finally (26.74 & 30.57 mg/100 ml juice) for
those stored for twenty-eight days during 2003 and 2004 seasons, respectively.
However, the differences between the storage periods regarding fruit ascorbic acid
content were obvious enough to be significant.

Referring to specific effect of the tested pre-harvest treatments, enclosed
data reveal that 2% CaCl, proved to be the most efficient treatment in reducing the loss
in fruit ascorbic acid content throughout the storage periods, followed descendingly by
lower concentration of CaCl, (1%) and (2 & 1%) yeast suspension treatments. The
differences between the previously mentioned treatments (except, 2% CaCl,) were so
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small to reach the significant level in most cases. On reverse, gibbereliin treatments
induced a negative effect on fruit ascorbic acid content as compared with the control. In
this concern, the higher GAs concentration (75 ppm) exerted higher reductive effect on
fruit ascorbic acid content, followed ascendingly by 50 ppm GAsz and finally 25 ppm
GA;s treatment. Anyhow, the differences between either GAs treatments or the control
were insignificant.

With respect to specific effect of days on shelf, it is clear from obtained
data that Zebda mango fruits kept zero day on shelf after removal from cold stored
recorded the higher values of ascorbic acid (37.98 & 40.53 mg/100 ml juice),
whereas those kept on shelves three days after removal from cold stores (32.17 &
35.21 mg/100 ml juice), meanwhile those remained for six days on shelves after
cold storage scored (29.66 & 31.59 mg/100 ml juice) during 2003 and 2004
seasons, respectively. However, the differences between the three tested periods
on shelf in this concern were so great to be significant.

Concerning interaction effect between storage period, the tested pre-
harvest treatments and days on shelf on fruit ascorbic acid content, tabulated
data illustrate that the interaction between the three studied factors induced a new
trend with a different pattern of values. The resulted combinations could be
descendingly regarding fruit ascorbic acid content as follows: (seven days storage
period x zero day on shelf), (fourteen days storage period x zero day on shelf),
(seven days storage period x three days on shelf), (twenty one days storage period
x zero day on shelf), (fourteen days storage period x three days on shelf), and
(seven days storage period x six days on shelf). Besides the combinations of
fourteen days storage period x six days on shelf scored nearly similar values to
those of (twenty-eight days storage period x zero day on shelf). Meanwhile, the
combinations of twenty-one days storage period x three days on shelf surpassed
those of twenty-eight storage period x three days on shelf). Lastly, the
combinations of twenty-eight days storage period and kept six days on shelf.
Shortly, 2% CaCl,-treated fruits, stored for seven days at 10°C and kept zero day
on shelf recorded significantly the highest values (48.29 & 48.09 mg/100 ml juice),
whereas untreated fruits “control” stored for twenty-eight days at 10°C and kept on
shelves for six days scored significantly the lowest values (23.81 & 24.14 mg/100
ml juice) during 2003 and 2004 seasons, respectively.
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Tables (35. d)
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Tables (35. )
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The loss in ascorbic acid content during storage could be attributed to the
increase in ascorbate oxidase activity (Cardello and Cardello, 1998 on Haden
mangoes).

The enhancement of ascorbic acid content of Zebda mango fruits due to
GAs sprays is in harmony with those mentioned earlier by Kumar and Singh
(1993) on mango fruits cv. Amrapali and Mohd-Amir et al. (2003) on mandarin cv.
Kinnow.

The obtained results of calcium chloride regarding its affect on improving
fruit quality traits, maintaining eating quality during storage and decreasing the rate
of reduction in ascorbic acid are similar to earlier reports of Raychoudharyi et al.
(1992) on guava fruits cv. Lucknow 49, Chandra et al. (1994) on guava fruits cv.
Allahabad Safeda and Mohd-Amir et al. (2003) on mandarin fruits cv. Kinnow.
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5- SUMMARY and CONCLUSION

This study included two main parts as follows:-

Part I: | Trials to improve some marketing characteristics (ripening)

and enhancing storage ability of Costata persimmon fruits.
This part of study was in turn subdivided into two parts as follows:-
5.1.1. Effect of some chemical substances on some marketing
characteristics (ripening) of Costata persimmon fruits.
5.1.2. Effect of some post harvest treatments on storage ability of Costata
persimmon fruits.

Part Il:|Trials to enhance storability of Zebda mango fruits through

some pre harvest treatment.
Thereupon, this study was handled as follows:-

Part I: [rials to improve some marketing characteristics (ripening) and

enhancing storage ability of Costata persimmon fruits.

This part of study was conducted at Fruit Handling and Storage Unit,
Horticulture Department, Faculty of Agriculture, Benha Univ. Kalubia Governorate.
5.1.1. Effect of some chemical substances on some marketing

characteristics “ripening” of Costata Persimmon fruits.

In 2003 and 2004 seasons, persimmon fruits (Diospyros kaki, L.) cv. Costata
were harvested at mature stage i.e., mid-October. The productive Costata persimmon
trees were 15-year-old grown in a clay-loamy soil in the farm of Barrage Research
Station of the Horticulture Research Institute, Kalubia Governorate. The productive
trees were similar in growth vigour had a good physical condition and received similarly
the recommended horticultural practices. Harvested fruits were brought as soon as
possible to Fruit Handling and Storage Unit, Horticulture Department, Faculty of
Agriculture, Benha Univ. Kalubia Governorate.

Tested fruits were sorted (all malformed, crushed and diseased fruits were
discarded) and the uniform fruits were chosen, quickly washed with tap water and then
dipped in borax solution at 5% as a fungicide, then rewashed with tap water and dried
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through the exposure to air from an electric ventilator. A second sorting was done to
recheck the fruits for any defects.

Thereafter, these fruits were divided into two main groups, the first one was
subjected to ripening treatments study as a trial to evaluate the efficiency of some
chemical treatments in accelerating ripening process and producing an early and
uniform ripened fruits with good quality meanwhile, the second groups of prepared
fruits were subjected to investigate the efficiency of some post harvest treatments on
prolonging the storage life of persimmon fruits.

The first group of selected and uniform persimmon fruits cv. Costata was divided

into five subgroups to receive one of the following ripening treatments:-
(1) Ethephon (CEPA): The effect of ethephon (2-chloroethyl phosphonic acid) on
ripening of “Costata” persimmon fruits was investigated; hence mature and uniform
fruits were dipped for five minutes in 500 or 1000 ppm ethephon (ethrel) solution, (2)
Calcium carbide (CaCy): Calcium carbide was added at 2.5 or 5.0 g/box fruits (about
4 kg fruits) to bring up acetylene and ethylene (ripening gases) and (3) Control
treatment: persimmon fruits were dipped in water for five minutes as a control to be
compared with treated fruits (ethephon and calcium carbide).

All treatments of this study were held at ambient room conditions (30+2°C and
65-70% R.H.). The initial values of the studied fruit parameters were determined before
treatments application and periodically at two days intervals throughout the ripening
period.

All treated fruits in this study were packed carefully after receiving the tested
treatments in plastic boxes “42 x 28 x 12 cm” wrapped with polyethylene film,
previously treated with Cifadex as a fungicide and each box contained thirty five fruits.

Consequently, this investigation included five ripening treatments namely; 500 &
1000 ppm ethephon and 2.5 & 5.0 g calcium carbide as well as the control treatment.
The tested treatments were arranged in a completely randomized block design and
each treatment was replicated three times and each replicate was represented with two
boxes, one of these two boxes was employed to determine the changes in fruit
physical properties i.e. ripening percentage, weight loss percentage, decay percentage
and fruit firmness, whereas the second one was devoted for fruit chemical properties
determination i.e. carotenoids, total sugars content, total soluble solids, titratable
acidity, ascorbic acid (V.C) and tannins content.
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The obtained results could be summarized as follows:-
5.1.1.1. Ripening percentage of persimmon fruits

It was found that fruit ripening percentages of Costata persimmon fruit were
linearly increased with advancement of the ripening period. Consequently, the longer
the ripening period, the higher was fruit ripening percentage and vice versa. However,
the highest fruit ripening percentages were recorded after eight days of ripening
treatments application, whereas the lowest fruit ripening percentages were scored after
two days of ripening treatments performance. In addition, all the tested ripening
treatments succeeded in enhancing fruit ripening percentages, especially 1000 ppm
ethephon-treated fruits. As for the interaction effect between ripening period, ripening
chemical substances and their concentration, it was noticed that the combinations of
eight days ripening period recorded the highest of fruit ripening percentages (except for
the control treatment), while two days ripening duration combinations registered the
lowest fruit ripening percentages, especially untreated fruits (control).
5.1.1.2. Fruit weight loss percentage

Weight loss percentage of Costata persimmon fruits is progressively increased
with the advancement of ripening duration. Hence, the highest fruit weight loss
percentage was gained after eight days of ripening treatments application, whereas the
lowest fruit loss percentage was recorded after two days of ripening incubation. Also,
all tested ripening treatments had a promising affect in increasing fruit ripening
percentage, especially 1000 ppm ethephon treatment. Moreover, the resulted
combinations of eight days ripening duration resulted in the highest fruit weight loss
percentages. On contrary, the combinations of two days ripening period induced the
lowest values in this respect.
5.1.1.3. Fruit decay percentage

It could be observed that an increment in fruit decay percentages were in
parallel with the ripening duration, consequently eight days after ripening treatments
application induced the highest fruit decay percentage, whereas two days ripening
duration scored the lowest values in this concern. Moreover, all tested ripening
treatments induced progressive increases in fruit decay percentage, particularly
ethephon treatments when compared with control. Furthermore, the resulted
combinations of eight days ripening period statistically induced the highest fruit decay
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percentage, especially 1000 ppm ethephon-treated fruits, while two days ripening
period produced the lowest fruit decay percentage, particularly untreated fruits.
5.1.1.4. Fruit firmness (Ib/inch?)

Fruit firmness was decreased proportionally with prolonging ripening period.
Thus, two days ripening period scored the highest fruit firmness values when
compared with the other ripening periods, especially eight days ripening period, which
recorded the lowest values in this concern. Moreover, all the studied ripening
treatments resulted in decreasing fruit firmness particularly, 1000 ppm ethephon
treatment as compared with the control. Additionally, the obtained combinations of two
days ripening duration scored the highest fruit firmness values, especially untreated
fruits, while the lowest values of this parameter were recorded by the combinations of
eight days ripening period (except for the control treatment).
5.1.1.5. Fruit carotenoids content

It could be concluded that the increases in fruit carotenoids content was in
parallel with ripening duration. Thereupon eight days after ripening treatments
application gave the highest fruit carotenoids content, whereas two days ripening
duration scored the lowest values in this concern.

Furthermore, all the tested ripening treatments induced progressive increments
in fruit carotenoids content with superiority for ethephon treatments in most cases.
Moreover, the resulted combinations of eight days ripening period statistically induced
the richest fruit carotenoids content, while two days ripening period produced the
lowest fruit carotenoids content, especially untreated fruits.
5.1.1.6. Fruit total sugars (%)

It was observed that the longer the ripening period, the higher was fruit total
sugars content and vice versa. Therefore, eight days ripening period produced the
richest fruits in total sugars content, but two days ripening period took the other way
around in this sphere. Also, all tested ripening treatments succeeded in enhancing fruit
total sugars content, especially 1000 ppm ethephon treatment. Moreover, the resulted
combinations of eight days ripening duration produced the highest values of fruit total
sugars content. On reverse, the combinations of the two ripening period induced the
lowest values in this respect.
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5.1.1.7. Fruit total soluble solids percentage (T.S.S.%)

It was realized that fruit TSS percentages of Costata persimmon fruits were
linearly decreased with the increment of ripening period. So, the lowest fruit TSS
percentages were scored after eight days of ripening treatments application, while the
greatest fruit TSS percentages were registered after two days of ripening period. In
addition, all studied ripening treatments statistically decreased the values of fruit TSS
percentages particularly 1000 ppm ethephon treatment in comparison with other tested
treatments including the control which recorded the highest values in this concern.
Moreover, two days of ripening duration combinations induced the richest fruits in TSS
percentage, especially untreated fruit “control”. On the opposite, the combinations of
eight days ripening duration produced the lowest values in this concept except for
untreated fruits “control”.
5.1.1.8. Fruit acidity percentage

The longer the ripening period, the lower was fruit acidity percentage. Hence,
eight days ripening period scored the lowest values of fruit acidity percentage, while the
highest values of fruit acidity percentage were recorded after two days of ripening
treatments application. Moreover, all tested ripening treatments statistically succeeded
in decreasing fruit acidity percentage, especially ethephon at 1000 or 500 ppm.
Besides, the gained combinations of eight days ripening duration (except for untreated
fruits) produced the lowest fruit acidity percentages, particularly 1000 ppm ethephon
treatment (an average of two seasons).
5.1.1.9. Fruit ascorbic acid content

Fruit ascorbic acid content of Costata persimmon fruits is proportionally
decreased with the progress of ripening period. However, two days ripening period
showed superiority in inducing the highest values of fruit ascorbic acid, whereas after
eight days ripening period, such values reduced to reach the minimum level.

Also, all tested ripening treatments significantly decreased fruit ascorbic acid
content in comparison with untreated fruits “control”. Moreover, the resulted
combinations of two days ripening period, especially the control treatment produced the
richest fruits in ascorbic acid content, whereas the combinations of eight days ripening
period (regardless of the control) registered the lowest values in this concept.
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5.1.1.10. Fruit tannins content

Fruit tannins content was decreased as the ripening period advanced. However,
the highest fruit tannins content was recorded after two days of ripening period,
whereas the lowest fruit tannins content was registered after eight days of ripening
duration. Additionally, all tested ripening treatments significantly succeeded in
decreasing fruit tannins content, especially 1000 ppm ethephon treatment when
compared with the other tested treatments including the control. Besides, the resulted
combinations of eight days ripening duration proved to be the most promising one for
producing the lowest values of fruit tannins content particularly, that of 1000 ppm
ethephon treated fruits.

Conclusively, it is preferable to treat costata persimmon fruits with 500 ppm
ethephon or 2.5 g calcium carbide /box fruits (about 4 kg fruits) to accelerate ripening
process and producing an early and uniform ripened fruits with good quality.

5.1.2. Effect of some post harvest treatments on storage ability of

Costata persimmon fruits.

The second group of well selected uniform “Costata” persimmon fruits were

immersed in 500 ppm ethephon solution for five minutes to bring the fruits to ripening
stage, then the fruits were divided into six subgroups to receive one of the following
storage treatments:-
(1) Calcium chloride (CaCl,): Well sorted mature Costata persimmon fruits were
dipped for five minutes in 2 or 4% calcium chloride (CaCly) solution, thereafter fruits of
each treatment were air dried, (2) Yeast: Well sorted mature and uniform “Costata”
persimmon fruits were dipped in active yeast suspension at 1 or 2% (Saccharomyces
cerevisiae) for five minutes. The fruits were then air dried, (3) Sodium hypochlorite
(NaOClI): Mature and well sorted fruits were dipped in sodium hypochlorite (NaOCl) at
2% for five minutes, then the treated fruits were air dried and (4) Control treatment:
Mature, uniform and well selected fruits were dipped in tap water for five minutes as a
control (untreated fruits) to be compared with CaCl,, yeast and NaOClI - treated fruits

Consequently, this investigation included three storage temperatures i.e.
ambient room, cold temperature at 5°C and cold temperature at 0°C. Besides, within
each tested storage temperature six post harvest treatments were evaluated namely: 2
& 4% CaCly, 1 & 2% yeast suspension, 2% NaOCI| and the control (untreated fruits).
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The initial values of evaluated fruit parameters were determined before treatment
application and periodically at weekly intervals throughout the storage period at the
tested storage temperature (ambient room, 5°C and 0°C).

All treated fruits were packed carefully in plastic boxes “42 x 28 x 12 cm’,
previously treated with cifadex as a fungicide and each box contained thirty five fruits.

The tested post harvest treatments were arranged in a completely randomized
block design and each treatment was replicated three times, with two boxes of fruits
per replicate.

The obtained results could be summarized as follows:-
5.1.2.1. Weight loss percentage

It was found that Costata persimmon fruits showed loss in their weight with the
advancement of storage period under the three tested temperatures. Thus, the longer
the storage period, the higher was fruit loss weight percentage and vice versa. So, the
lowest fruit weight loss percentages were recorded after seven days storage period
under the three studied temperatures, whereas the highest fruit weight loss
percentages were scored after twenty one days storage period in 2003 season,
fourteen days in 2004 season under ambient room conditions, forty two days storage
period under cold storage at 5 or 0°C.

Moreover, most tested post-harvest treatments succeeded in reducing fruit
weight loss percentages. Therefore under ambient room condition, 2% CaCly-treated
fruit, 2% NaOCl-treated fruits under cold storage at 5°C as an average of both
seasons and 4% CaCl, & 2% NaOCl-treated fruits as an average of both seasons
appeared to be the most effective treatments for producing the lowest values of fruit
weight loss percentages.

The interaction between storage period and the studied post-harvest treatments,
indicates that the combinations of seven days storage periods under the three studied
storage temperatures resulted in the lowest fruit weight loss percentages, especially
2% NaOCl-treated fruits (an average of two seasons).
5.1.2.2. Fruit decay percentage

Fruit decay percentage of Costata persimmon fruits was increased as the
storage period advanced. So, the longer the storage period, the higher was fruit decay
percentage. This trend was true under the three studied storage temperatures. Hence,
the lowest fruit decay percentages were recorded after seven days storage period
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under the three tested storage temperatures. On contrary, the highest fruit decay
percentages were registered after twenty one days in 2003 season, fourteen days
storage period in 2004 season under ambient room condition, forty two days storage
period under cold storage at5 & 0°C.

Besides, most of the tested post-harvest treatments positively affected fruit
decay percentage during storage with the exception of storage under ambient room
conditions as the treatments failed to induce any significant differences in this concern.
Anyhow, 2% NaOClI treated fruit, 4% CaCl,-treated fruits under cold storage at 5 and
0°C, respectively recorded the lowest fruit decay percentages.

The interaction between storage period and the tested post-harvest treatments,
demonstrates that the combinations of seven days storage period under the three
storage temperatures recorded the lowest fruit decay percentages, especially cold
storage at 5 & 0°C which did not score any decayed fruit in both seasons. On reverse,
the highest fruit decay percentages were registered by the combinations of twenty one
days storage period in 2003 season and fourteen days in 2004 season under ambient
room condition and the combinations of forty two days storage period under cold
storage at 5 and 0°C.
5.1.2.3. Fruit Firmness (Ib/inch?)

Costata persimmon fruits became less firm with the advancement of storage
period under the three tested storage temperatures. Also, the longer the storage
period, the lesser was fruit firmness and vice versa. Anyhow, the highest values of fruit
firmness values were recorded after seven days storage period under the three studied
storage temperatures. On reverse, the lowest values of fruit firmness were gained after
twenty one days, fourteen days storage period in the first and second seasons,
respectively under ambient room conditions, forty two days cold storage period at
5and 0°C.

In addition, most post-harvest treatments under the three studied storage
temperatures succeeded in enhancing fruit firmness with the superiority for 4% CaCl,-
treated fruits in most cases.

The interaction effect between the storage period and the tested post-harvest
treatments, shows that the combinations of seven days storage period of the three
tested storage temperatures recorded the highest values of fruit firmness with
superiority for 2% NaOCl-treated fruit under ambient room conditions, 4% CaCl,-
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treated fruits under cold storage at 5 and 0 °C in most cases. On contrary, the lowest
fruit firmness values were registered after twenty one days, fourteen days combination
in the first and second seasons, respectively under ambient room condition, and the
combinations of forty two days storage period under cold storage at 5 and 0°C.

5.1.2.4. Fruit shelf life

It was noticed that post harvest treatments positively enhanced fruit shelf life, so
2% NaOCl and 4% CaCl,-treated fruits induced the lowest fruit decay percentage
during 2003 season, whereas 2% NaOCl and 2 & 4% CaClx-treated fruits showed
superiority in inducing the lowest fruit decay percentage during 2004 season.
5.1.2.5. Pulp carotenoids content

Pulp carotenoids content was increased as the storage period prolonged under
the three studied storage temperatures. However, the longer the storage period, the
higher was fruit pulp carotenoids content. Therefore, the richest fruit pulp carotenoids
content was produced by twenty one days stored fruits in 2003 season & fourteen days
stored fruits in 2004 season under ambient room conditions, forty two days stored fruit
under cold storage at 5 & 0°C in both seasons of this study.

In addition, most tested post-harvest treatments succeeded in enhancing fruit
pulp carotenoids content. Generally, 2% NaOCl-treated fruit under ambient room
conditions, 1% yeast-treated fruits under cold storage at 5°C and 2% NaOCl-treated
fruit under cold storage at 0°C showed to be the most pronounced treatments for
producing the greatest fruit pulp carotenoids content (an average of both seasons).

The interaction between storage period and the tested post-harvest treatments,
demonstrates that the resulted combinations under ambient room conditions show that
twenty one days storage period combinations in 2003 season, fourteen day storage
period combination in 2004, especially 2% yeast treated-fruits, the combinations of
forty two days storage period, particularly 1% yeast-treated fruits for cold storage at
5°C and 2% NaOCl-treated fruits for cold storage at 0°C showed to be the most
effective treatments in inducing the highest fruit pulp carotenoids values. On the
opposite, the lowest fruit pulp carotenoids values were scored by the combinations of
seven days storage period under the three studied storage temperatures.
5.1.2.6. Fruit total sugars content

Fruit total sugars content is proportionally increased with the extension of
storage period under the three studied temperatures in both seasons. Thereupon, the
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longer the storage period, the higher was fruit total sugars content. However, seven
days stored fruits under the three tested temperatures recorded the lowest fruit total
sugars values, whereas the highest fruit total sugars values were scored after twenty
one days in 2003 season and fourteen days storage period in 2004 season under
ambient room conditions and after forty two days storage period under cold storage (5
& 0°C) in both seasons.

Besides, there was a fluctuated trend regarding the response of fruit total sugars
content to the tested post harvest treatments in both seasons. Generally, 2% yeast
treated fruits stored under ambient room conditions, 1% yeast-treated fruits cold stored
at 5°C and 2% yeast-treated fruits cold stored at 0°C showed to be the most effective
treatments for inducing the highest fruit sugar content (an average of both seasons).

The interaction between storage period and the tested post harvest treatments
the resulted combinations of twenty one days storage period in 2003 season, fourteen
days storage period in 2004 season, particularly 2% yeast-treated fruits kept under
ambient room conditions, the combinations of forty two days cold stored at 5°C,
especially 1 & 2% yeast treated fruits and the combinations of forty two days cold
stored at 0°C, particularly 2% NaOCl-treated fruits in 2003 season and 2% yeast-
treated fruits in 2004 season produced the highest fruit total sugars percentage in
comparison with the other combinations.
5.1.2.7. Fruit total soluble solids percentage (T.S.S.%)

Fruit total soluble solids content (%) was decreased in proportional with the
advancement of the storage period. This trend was true under the three studied
storage temperatures in both seasons of this work. Thereupon, the longer the storage
period, the lower was fruit TSS content and vice versa. Consequently, the highest fruit
TSS percentages were scored after seven days storage period under the three tested
storage temperatures, while twenty one days storage period in 2003 & fourteen days
storage period in 2004 season under ambient room conditions, forty two days storage
period under cold storage at 5°C & 0°C registered the lowest fruit TSS percentage.

Moreover, most tested post-harvest treatments succeeded in affecting fruit TSS
percentages in both seasons. Anyway, 4% CaClo-treated fruits proved to be the most
effective treatment in inducing the highest fruit TSS percentage under the three studied
storage temperatures (an average of both seasons).
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The resulted combinations resulted from interaction between storage period and
the post-harvest treatments, show that the combinations of seven days storage period,
especially 4% CaCl-treated fruits under ambient room conditions, 2% NaOCl-treated
fruits cold stored at 5°C and 4% CaClo-treated fruits cold stored at 0°C were the richest
ones in TSS percentage (an average of both seasons).
5.1.2.8. Fruit total acidity percentage

Fruit acidity percentage of Costata persimmon is steadily decreased with the
advancement of storage duration. The stored fruits under ambient room conditions
(twenty one days in 2003 & fourteen days in 2004 seasons) or at 5 & 0°C cold storage
(forty two days) recorded the lowest fruit acidity percentages. However, the rate of
reduction of fruit acidity percentage during storage duration under ambient room
conditions is remarkably higher than under cold storage (5 & 0°C). Besides, the longer
the storage duration i.e. twenty one days in 2003 season and fourteen days in 2004
season under ambient room conditions or forty two days under cold storage (5 & 0°C)
the lower was fruit acidity percentage and vice versa.

On the other hand, most tested post-harvest treatments remarkably increased
fruit acidity percentage in comparison with the control. The highest fruit acidity
percentages were scored by 2% NaOCl-treated fruits under the three studied storage
temperatures in both seasons.

Furthermore, the interaction between storage period and the tested post-harvest
treatments shows that the resulted combinations demonstrate that under ambient room
conditions the combinations of twenty one days storage period in 2003 season and the
combination of fourteen days storage period in 2004 season under ambient room
conditions had comparatively the lowest fruit acidity percentages, while under cold
storage at 5 & 0°C, the combinations of forty two days storage period statistically
induced the lowest fruit acidity percentages.
5.1.2.9. Fruit tannins content

Fruit tannins content of Costata persimmon is proportionally decreased with the
advancement of storage period. This trend was true under the three studied
temperatures in both seasons. Consequently, the longer the storage duration i.e.
twenty one days storage duration in 2003 season and fourteen days storage duration
in 2004 season under ambient room conditions or forty two days storage duration
under cold storage (5 & 0°C), the lower was the fruit tannins content and vice versa.
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Moreover, most tested post-harvest treatments, succeeded in reducing fruit
tannins content, hence 2% yeast-treated fruits showed to be the most pronounced
treatment for inducing the lowest fruit tannins content under the three evaluated
storage temperatures.

In addition, the interaction between storage period and the tested post-harvest
treatments reveals that the resulted combinations under ambient room conditions show
that the combinations of twenty one days storage duration in 2003 season and fourteen
days storage duration in 2004 season, produced the lowest fruit tannins content,
especially 2% yeast-treated fruits in both seasons, while under cold storage (5 & 0°C)
the combinations of forty two days storage period scored the lowest fruit tannins
content with superiority for 2% NaOCl-treated fruits cold stored at 5°C and 2% yeast-
treated fruits cold stored at 0°C.
5.1.2.10. Fruit ascorbic acid content (Vitamin C)

Fruit ascorbic acid content of Costata persimmon is proportionally decreased
with the advancement of storage duration. This was pronounced with fruits kept under
room conditions for twenty one days in 2003 or fourteen days in 2004 seasons as well
as at 5 & 0°C cold storage for forty two days storage period. However, the longer the
storage duration i.e. twenty one days in 2003 or fourteen days in 2004 season or forty
two days under cold storage (5 & 0°C), the lower was fruit ascorbic acid content and
vice versa.

Moreover, most tested post-harvest treatments enhanced fruit ascorbic acid
content, hence 2% NaOCl-treated fruits had significantly the highest values in this
respect under ambient room conditions, 4% CaCly-treated fruits cold stored at 5°C,
whereas 2% yeast-treated fruits cold stored at 0°C in 2003 season and 4% CaCl,-
treatred fruits cold stored at 0°C in 2004 season showed superiority in this concern.

Furthermore, the interaction between storage period and the tested post-harvest
treatments illustrates that the resulted combinations show that the combinations of
seven days storage period had comparatively higher values of fruit ascorbic acid
content, especially 4% CaCl,-treated fruits in 2003 season and 2% NaOCl treated fruits
in 2004 season under ambient room conditions, 4% CaClx-treated fruits under cold
storage at 5°C and 2% yeast-treated fruits in 2003 season and 4% CaCl-treated fruits
in 2004 season. On contrary, the lowest fruit ascorbic acid values were scored by the
combinations of twenty one days storage period in 2003 season, fourteen days storage
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period in 2004 season under ambient room conditions and the combinations of forty
two day storage period under cold storage at 5 or 0°C in both seasons of this study.

In summary, in order to prolonging storability of Costata persimmon fruits up to
forty two days with the maintenance of good fruit marketable parameters, it is
preferable to dip the fruits in 4% calcium chloride or 2% sodium hypochlorite solutions
for five minutes and keeping the fruits in cold stores at 5 or 0°C .

Part Il: | Trials to enhance storability of Zebda mango fruits through

some pre harvest treatments.
5.2.1. The initial effect of some pre harvest treatments on pomological and
some chemical characteristics of Zebda mango fruits.

Zebda mango trees (Mangifera indica, L.) grown in a sandy loam soil at Arab-
El-Ghadery Village, Kalubia Governorate were devoted for this study. The trees were
20-years-old, uniform in growth, had good physiological condition and receiving normal
agricultural practices.

In 2003 and 2004 seasons, selected Zebda mango trees were sprayed with one
of the following pre harvest treatments: (1) Gibberellic acid (GA) at 25, 50 and 75
ppm, (2) Calcium chloride (CaCly) at 1 and 2%, (3) Active yeast suspension at 1
and 2% and (4) Tap water as a control treatment. Tween 20 as a surfactant was
added at 0.01 % to all spray solution treatments including the tap water “control”. The
spray of all tested treatments was repeated three times a year, i.e. the first spray was
done after fruit setting stability, meanwhile the others two sprays were carried out
thereafter at three weeks intervals. Each treatment was represented by three replicates
(one tree / replicate). The treatments were arranged in a completely randomized block
design.

Zebda fruits were picked at mature green stage i.e., mid August in both
seasons. Selected fruits were free of obvious mechanical damage and defects and
approximately homogenous in size and colour. Fruits were then brought as soon as
possible to the Post-harvest Laboratory of Pomology Department (APHC), Faculty of
Agriculture, Alexandria University “under the supervision of Prof. Dr. Awad Hussien”.

The obtained results of the initial effect of the tested pre harvest treatments on
some pomological and chemical characteristics of Zebda mango fruits could be
summarized as follows:-
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GA;s treatments (25, 50 and 75 ppm) particularly the higher concentration proved
to be the superior treatment in enhancing fruit weight, peel weight, seed weight, pulp
fresh weight, fruit pulp percentage, length, breadth and fruit thickness as well as
reducing sugars, particularly using the high rate of GAs (75 ppm). Furthermore, CaCl,
treatments particularly the higher concentration (2%) induced high positive effect on
fruit peel percentage, fruit pulp dry weight, fruit firmness, fruit acidity and fruit
chlorophyll “a” content.

Lastly, yeast treatments induced highest values of seed weight, seed weight
percentage, pulp dry weight, fruit length, fruit thickness, fruit total soluble solids, fruit
ascorbic acid content, non reducing sugars, pulp carotenoids content, peel chlorophyll
“a, b” and carotenoids content with superiority for the highest concentration of yeast
suspension (2%).

5.2.2. Fruit physiochemical attributes in response to some pre harvest
treatments (GAs, CaCl, and yeast) during storage (ambient room, 15
and 10°C) and fruit keeping on shelf (3 & 6 days).

Zebda mango fruits resulted from the previously mentioned pre harvest
treatments were well selected and devoted for this study. Fruits with any insect
infestation or defects were discarded. Sorted fruits were quickly washed with regular
tap water, then, air dried with the aid of an electric fan. A second sorting was done to
recheck the fruits for any defects to be ready for storage study.

Therefore, this investigation included three storage temperatures i.e. ambient
room conditions (28+2°C & 75-80%R.H.), cold storage at 15 and 10°C. Besides, within
each storage temperature eight pre harvest treatments were evaluated namely 25, 50
and 75 ppm GAs, 1 & 2% CaCly, 1 & 2% yeast suspension and the control. The
treatments were arranged in a completely randomized block design with three
replicates for each treatment and each replicate was represented with two boxes of
fruits.

All selected and uniform fruits for each treatment were packed in plastic boxes
“42 x 28 x 12 cm”, previously treated with Cifadex as a fungicide, every box contained
fiteen fruits. Each treatment included 36 boxes, which divided into three lots. The first
one contained 6 boxes and kept at ambient conditions (28+2°C & 75-80%R.H.), the
second one contained 15 boxes and held at 15°C and 90-95% RH and the last one
also contained 15 boxes and stored at 10°C and 90-95% RH.
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The obtained results could be summarized as follows:-
5.2.2.1. Weight loss percentage

Weight loss percentage of Zebda mango fruits is proportionally increased with
the progress of storage period, whether the fruits were stored under ambient room
conditions (fourteen days storage duration) or at 15 & 10°C cold-storage (twenty-eight
days storage duration). Anyhow, the rate of loss in fruit weight during storage under
ambient room conditions is remarkably higher than under cold storage (15 & 10°C).
Besides, the longer the storage duration i.e. fourteen days under ambient room
conditions or twenty-eight days under cold storage (15 & 10°C), the higher was the
loss in fruit weight percentage and vice versa.

On the other hand, all tested pre-harvest treatments succeeded in reducing the
rate of loss in fruit weight during storage durations in comparison with the control. This
was true under all studied storage temperatures (ambient room, 15 and 10°C) with the
superiority in reducing weight loss percentage for 2 & 1% CaCl, under the three tested
storage temperatures, in addition to 50 ppm GA3 combined with10°C cold storage.

Furthermore, keeping cold stored fruits at 15 or 10°C on shelf for longer period
(six days) resulted in increasing the rate of loss in fruit weight in comparison with those
freshy removed from cold stores (zero day on shelf) or kept for three days on shelf.

Additionally, under ambient room storage, the resulted combinations from the
interaction between the pre-harvest treatments and storage period indicate that the
combinations of seven days storage period, regardless of the tested pre-harvest
treatments had comparatively lower fruit weight loss percentages than the analogous
ones of fourteen days storage duration. However, seven days ambient room stored
fruits treated with 2 or 1% CacCl, lost comparatively the lowest percentage of their
weight during storage.

The interaction between storage period, days on shelf and the tested pre-
harvest treatments, shows that days on shelf had a strong hand in determining the rate
of loss in fruit weight, followed in action by the storage period. Thereupon, the longer
the period on shelf (six days) combined with longer storage duration (twenty-eight
days), the higher was the rate of loss in fruit weight during storage and the reverse was
true. Shortly, 15 or 10°C-cold stored fruits for seven days, treated with 2 & 1% CaCl,
2% yeast or 25 & 50 ppm GAs and freshy removed from cold stores (zero day on shelf)
recorded the lowest fruit weight loss percentages in an ascending order.
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5.2.2.2. Fruit decay percentage

Decay percentage of Zebda mango fruits is proportionally increased with the
advancement of storage duration. This was more obvious when the fruits were kept
under room conditions (fourteen days storage duration) as well as at 15 & 10°C cold
storage (twenty eight days storage duration). Anyway, the rate of increasing fruit decay
percentage during storage under ambient room conditions is remarkably higher than
under cold storage (15 & 10°C). Also, the longer the storage duration i.e. fourteen days
under ambient room conditions or twenty eight days under cold storage (15 & 10°C)
the higher was fruit decay percentage and vice versa.

Moreover, most tested pre-harvest treatments succeeded in reducing fruit decay
percentage during storage durations as compared with control in both seasons. This
was true under all evaluated storage temperature (ambient room, 15 and 10°C) with
the superiority in reducing fruit decay percentage for 1% CaCly-treated fruits in the first
season and 1% yeast-treated fruits in the second one under ambient room conditions,
1% CaCl-treated fruits cold stored at 15°C and finally 2% CaCl-treated fruits cold
stored at 10°C in both seasons.

Furthermore, keeping cold stored fruits at 15 and 10°C on shelves for longer
period (six days) induced higher fruit decay percentage as compared with those freshy
removed from cold stores (zero day on shelf) or kept for three days on shelf.

Moreover, under ambient room storage the lowest fruit decay percentages were
recorded by the combinations of seven days storage period, especially 1% CaCly-
treated fruits in 2003 season and 2% yeast-treated ones in 2004 season.

The interaction between storage period, days on shelf and the tested pre
harvest treatments, indicates that days on shelf had a strong decision in determining
fruit decay percentage, followed in action by the storage period. Thereupon, the longer
the period on shelf (six days) combined with longer storage duration (twenty eight
days), the higher was the percentage of fruit decay during storage and the reverse was
true. However, 15°C cold stored fruits during all the storage periods, treated with 25 &
50 ppm GAs and freshy removed from cold stores (zero day on shelf) scored the lowest
fruit decay percentages. Besides, 10°C cold stored fruits during all the storage
durations, treated with 50 ppm GAsz or 2% CaCl, in 2003 season and 1 & 2% CaCl,-
treated fruits in 2004 season and freshy removed from cold stores (zero day on shelf)
gave the lowest fruit decay percentages.
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5.2.2.3. Fruit Firmness (Ib/inch)

Zebda mango fruits showed loss in its firmness with the advancement of storage
period whether the fruits were stored under room conditions (fourteen days storage
duration) or cold stored at 15 & 10°C (twenty-eight days storage duration). However,
the loss in fruit firmness under ambient room conditions is remarkably higher than that
under cold storage (15 & 10°C). In addition, the longer the storage duration i.e.
fourteen days under ambient room conditions or twenty eight days under cold storage
(15 & 10°C), the higher was the loss in fruit firmness and vice versa in both seasons.

On the other side, most tested pre-harvest treatments succeeded in reducing
the loss in fruit firmness during storage durations as compared with the control. This
trend was true under all studied storage temperature (ambient room, 15 and 10°C) with
the superiority in reducing the loss of fruit firmness for 2 & 1% CaCl-treated fruits
under the three studied storage temperatures.

Moreover, keeping cold stored fruits at 15 or 10°C on shelf for longer duration
(six days) resulted in increasing the rate of loss in fruit firmness when compared with
those freshy removed from cold stores (Zero day on shelf) or kept for three days on
shelf.

The interaction between the pre-harvest treatments and the storage period
demonstrates that the combinations of seven days storage period had comparatively
higher values of fruit firmness (lb/inch?) than the analogous ones of fourteen days
storage duration. Meanwhile, seven days room stored fruits treated with 2 & 1% CaCl,
had comparatively the highest values of fruit firmness during storage.

Considering the interaction between storage period, days on shelf and the
tested pre-harvest treatments, the resulted combinations show that days on shelf had a
strong role in determining the rate of loss in fruit firmness, followed in action by the
storage period. Therefore, the longer the period on shelf (six days) joined with longer
storage duration (twenty eight days), the lower was fruit firmness values during storage
period and the reverse was true. Briefly, 15 or 10°C cold stored fruits for seven days,
treated with 1% CaCl, and freshy removed from cold stores (zero days on shelf)
registered the highest values of fruit firmness in both seasons.
5.2.2.4. Pulp carotenoids content

It was found that a steadily increment in pulp carotenoids content with the
advancement of storage period under the three studied temperatures in both seasons.
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However, the longer the storage duration i.e. fourteen days under ambient room
conditions or twenty-eight days under cold storage (15°C), the higher was fruit pulp
carotenoids content and vice versa. Meanwhile, under cold storage at 10°C, extending
the storage period up to three weeks increased fruit pulp carotenoids content, but
prolonging the storage period up to four weeks failed to exert an additional positive
effect on fruit pulp carotenoids content.

Furthermore, most tested pre-harvest treatments succeeded in increasing fruit
pulp carotenoids content during storage duration in comparison with the control. This
trend was true under all the studied storage temperatures with the superiority for 2%
yeast-treated fruit in most cases in both seasons.

Moreover, keeping cold stored fruits at 15 and 10°C on shelf for longer period
(six days) proved to be the most effective treatment for inducing higher fruit pulp
carotenoids content in comparison with those freshy removed from cold stores (zero
day on shelf) or kept for three days on shelf. In addition, under ambient room storage
the resulted combinations indicate that the combinations of fourteen days storage
period, especially 2% yeast-treated fruits had comparatively the greatest fruit pulp
carotenoids content than the analogous ones of seven days storage period.
Considering the interaction between storage period, days on shelf and the tested pre-
harvest treatments, the resulted combinations demonstrate that days on shelf had a
strong hand in determining the content of fruit pulp carotenoids, followed in action by
the storage period. Therefore, the longer the period on shelf (six days) combined with
longer storage duration (twenty-eight days for 15°C and twenty-one days for 10°C), the
higher was fruit pulp carotenoids content and the reverse was true in most cases.

5.2.2.5. Fruit chlorophyll “a” content

Chlorophyll (a) content of Zebda mango fruits was proportionally decreased with
the advancement of storage duration whether the fruit were stored under ambient room
conditions (fourteen days storage period) or at 15 & 10°C cold storage (twenty-eight
days storage duration). Anyhow, the rate of disappearance of fruit chlorophyll (a)
content during storage under ambient room conditions was remarkably higher than
under cold storage (15 & 10°C).
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Moreover, the longer the storage duration i.e. fourteen days under ambient room
conditions or twenty-eight days under cold storage (15 & 10°C) the higher was the
decrease in fruit chlorophyll (a) content and vice versa.

In addition, most pre-harvest treatments succeeded in maintaining fruit
chlorophyll (a) content during storage durations as compared with control in both
seasons. This trend was true under all studied storage temperatures (ambient room, 51
and 10°C).

On the other hand, keeping cold stored fruits at 15 or 10°C on shelf for longer
period (six days) resulted in increasing the decomposition of fruit chlorophyll (a) content
in comparison with those freshy removed from cold stores (Zero day on shelf) or kept
for three days on shelf.

Besides, under ambient room storage, the resulted combinations from the
interaction between storage period and the studied pre-harvest treatments show that
the combinations of seven days storage period, especially 2% CaCl,-treated fruits had
comparatively higher values of fruit chlorophyll (a) than the analogous ones of fourteen
days storage period. As for the interaction between storage periods, days on shelf and
the tested pre-harvest treatments, the obtained results indicate that days on shelf had a
strong effect in determining the rate of degradation in fruit chlorophyll (a) content,
followed in action by the storage period. Therefore, the longer the period on shelf (six
days) combined with longer storage duration (twenty-eight days), the higher was the
rate of disappearance in fruit chlorophyll (a) content during storage period and the
reverse was true.
5.2.2.6. Fruit chlorophyll “b” content

Chlorophyll (b) content of Zebda mango fruits disappeared with the
advancement of storage duration. Such trend was true under the three storage
temperatures (ambient room, 15 and 10°C). However, the rate of disappearance in fruit
chlorophyll (b) content during storage under ambient room conditions is remarkably
higher than that under cold storage (15 & 10°C). Also, the longer the storage duration
..e. fourteen days under ambient room conditions or twenty-eight days under cold
storage (15 & 10°C), the lower was fruit chlorophyll (b) content and vice versa.

On the other side, most tested pre-harvest treatments succeeded in reducing
the decomposition rate of fruit chlorophyll (b) content under all the studied storage
temperatures when compared with the control. Moreover, keeping cold stored fruits at
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15 and 10°C on shelf for longer period (six days) induced the lowest fruit chlorophyll
(b) content in comparison with those freshy removed from cold stores (zero day on
shelf) or kept for three days on shelf. Furthermore, under ambient room conditions the
highest fruit chlorophyll (b) values were recorded by the combinations of seven days
storage period particularly, 75 ppm GAsz or 2% yeast-treated fruits when compared with
the analogous ones of fourteen days storage period combinations.

As for the interaction between storage period, days on shelf and the tested pre-
harvest treatments, the gained results demonstrate that days on shelf had a strong role
in determining the rate of loss in fruit chlorophyll (b) content followed in action by the
storage period. Thereatter, the longer the period on shelf (six days) joined with longer
storage period (twenty-eight days), the higher was the rate of loss in fruit chlorophyll (b)
content during storage and the reverse was true. However, the combinations of 15 or
10°C-cold storage for seven days and freshy removed from cold stores (Zero day on
shelf) recorded the highest fruit chlorophyll (b) values in both seasons.
5.2.2.7. Peel carotenoids content

The longer the storage period (fourteen days for ambient room conditions or
twenty-eight days storage period for 15 & 10°C) the higher was peel carotenoids
content in both seasons. However, the greatest fruit peel carotenoids content was
scored after fourteen days under ambient room conditions, and after twenty-eight days
under cold storage at 15 and 10°C. On contrary the lowest fruit peel content was
recorded after seven days storage period at all the three studied temperatures.

Furthermore, fruit peel carotenoids content showed a fluctuated trend in
response to tested pre-harvest treatments from one season to another. This was true
under all studied storage temperatures.

Additionally, keeping cold stored fruits at 15 and 10°C on shelf for longer period
(six days) resulted in increasing fruit peel carotenoids content in comparison with those
freshy removed from cold stores (zero day on shelf) or kept for three days on shelf.

Besides, under ambient room storage, the resulted combinations from the
interaction between the pre-harvest treatments and storage period demonstrate that
the combinations of fourteen days storage period had statistically the richest fruit peel
carotenoids content during storage.

Looking at the interaction between storage period, days on shelf and the tested
pre-harvest treatments, the resulted combinations show that days on shelf had a strong
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hand in determining the content of fruit peel carotenoids followed in action by the
storage period. Consequently, the longer the period on shelf (six day) combined with
longer storage duration (twenty-eight days), the highest was peel carotenoids content
during storage period and the reverse was true.

Briefly, 15 or 10°C cold stored fruits for twenty-eight days, treated with 2% yeast
suspension and kept for six days on shelf recorded in most cases the highest fruit peel
carotenoids values.
5.2.2.8. Fruit Total Soluble Solids Percentage (T.S.S.%)

TSS percentage of Zebda mango fruits was proportionally increased with the
advancement of storage period whether the fruits were stored under ambient room
conditions (fourteen days storage duration) or at 15°C (twenty-eight days), while cold
storage at 10°C prolonged the storage period up to three weeks with a pronounced
positive effect in this respect, but extending the storage period to four weeks failed to
exert an additional positive effect on fruit TSS percentage.

Besides, most tested pre-harvest treatments failed to induce an obvious trend of
fruit TSS percentage under the three tested temperatures in both seasons.

Moreover, keeping cold stored fruits (15 & 10°C) on shelf for longer period (Six
days) induced the lowest values of fruit TSS percentage when compared with those
freshy removed from cold stores (Zero day on shelf) or kept for three days on shelf.

Furthermore, under ambient room conditions, the resulted combinations show
that the combination of fourteen days storage period, comparatively produced the
highest values of fruit TSS percentage in comparison with seven days storage period
combinations.

The interaction between storage period, days on shelf and the tested pre-
harvest treatments, indicates that 15°C cold stored fruits for twenty-eight days and kept
for six days on shelf recorded the highest fruit TSS values, while 10°C cold stored fruits
for twenty-one days and kept for six days on shelf showed superiority in this concern.
5.2.2.9. Fruit Reducing Sugars Percentage

The increment in reducing sugars percentage of Zebda mango fruits was in
proportional with the advancement of storage period. Therefore, the longer the storage
duration i.e. fourteen days under ambient room conditions, the higher was fruit
reducing sugar percentage and vice versa. Such trend was true only under ambient
room conditions, while cold storage at 15 or 10°C took a different pattern effect, hence
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fourteen days storage period predominated all studied storage period in enhancing fruit
reducing sugars percentage, followed descendingly by twenty-eight days storage
period, twenty-one days storage period and lastly seven days storage period.

Additionally, most tested pre-harvest treatments failed to induce an obvious
trend of fruit reducing sugars percentage under the three studied temperatures in both
seasons.

On the other hand, keeping cold stored fruits (15 & 10°C) on shelf for longer
period (six days) resulted in increasing fruit reducing sugars percentage in comparison
with those freshy removed from cold stores (zero day on shelf) or kept for three days
on shelf.

Moreover, under ambient room conditions, the resulted combinations
demonstrate that the interactions of fourteen days storage period showed to be the
most effective combinations in producing the highest fruit reducing sugars percentages,
especially when combined with CaCl, at 1% in 2003 season and tap water-treated
fruits in 2004 season. The interaction between storage period, days on shelf and the
tested pre-harvest treatments, indicates that days on shelf had a strong effect in
determining fruit reducing sugars percentage, followed in action by the storage period.
Thus, the longer the period on shelf (six days) joined with twenty-eight days storage
period, the higher was fruit reducing sugars percentage.
5.2.2.10. Fruit Non Reducing Sugars Percentage

Under ambient room conditions, storage period induced a pronounced positive
effect on fruit non reducing sugars percentage up to seven days only, whereas
prolonging the storage period up to fourteen days failed to induce an additional positive
effect in this concern. While, under cold storage at 15°C and 10°C, the increment in
fruit non reducing sugars percentage was proportionally increased with the progress of
storage period, hence the longer the storage period the higher was fruit non-reducing
sugars percentage.

Moreover, most tested pre-harvest treatments failed to induce an obvious trend
of fruit non reducing sugar percentage under the three studied temperatures in most
cases.

Furthermore, keeping cold stored fruits (15 or 10°C) on shelf for longer period
(six days) had significantly the highest fruit non-reducing sugars values in comparison
with those freshy removed from cold stores (zero day on shelf) or kept for three days
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on shelf. In addition, under ambient room conditions the resulted combinations show
that the combinations of fourteen day storage period had comparatively the highest
values of fruit non-reducing sugars, especially 1% yeast treated fruits in 2003 season,
while in the second season the combinations of the same days storage period showed
superiority in this concern particularly, 2% CaCl, treatment.

The interaction between storage period, days on shelf and the tested pre-
harvest treatments, indicates that the longer the period on shelf (six days) joined with
longer storage duration (twenty eight days), the higher was fruit non-reducing sugars
percentage in both seasons.
5.2.2.11. Fruit Total Sugars Percentage

Fruit total sugar percentage of Zebda mango fruits was proportionally increased
with the progress of storage period under the three studied temperatures. Anyhow, the
highest fruit total sugars percentage was registered at the end of every storage periods
under the three storage temperatures. Besides, keeping Zebda mango fruits under
ambient room conditions for fourteen days or twenty-eight days under cold storage (15
& 10°C) scored the highest fruit total sugars percentage in both seasons. Furthermore,
most tested pre-harvest treatments failed to induce a significant increases in fruit total
sugars percentage, especially under ambient room conditions in comparison with the
control.

Moreover, keeping cold stored fruits at 15 or 10°C on shelf for longer period (Six
days) showed to be the most effective factor for inducing the greatest fruit total sugars
percentage as compared with those freshy removed from cold stores (Zero day on
shelf) or kept for three days on shelf.

Besides, under ambient room storage, the resulted combinations indicate that
the combinations of fourteen days storage period had comparatively higher fruit total
sugars values than the analogous ones of seven days storage duration in both
seasons.

Moreover, the interaction between storage period, days on shelf and the tested
pre-harvest treatments, shows that days on shelf had a strong hand in determining fruit
total sugars percentage, followed in action by the storage period. So, the longer the
period on shelf (six days) joined with longer storage period (twenty-eight days), the
higher was fruit total sugar percentage and the opposite was true. Thus, 15 or 10°C
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cold stored fruits for twenty-eight days, treated with yeast at 2% and kept on shelf for
six days recorded the highest fruit total sugar percentage in most cases.
5.2.2.12. Fruit total acidity Percentage

Fruit total acidity percentage was decreased as the storage period advanced.
This was true under the three studied temperatures in both seasons. Besides, the
longer the storage duration i.e. fourteen days under ambient room conditions or twenty-
eight days under cold storage at 15 and 10°C, the higher was the decrease in fruit total
acidity percentage and vice versa.

In addition, most treatments of the tested pre-harvest treatments failed to
produce a distinctive effect in this respect throughout the two studied seasons under
the three tested storage temperatures.

Moreover, keeping cold stored fruits (15 & 10°C) on shelf for longer period (Six
days) induced the highest reduction in fruit total acidity percentage when compared
with those freshy removed from cold stores (zero day on shelf) or kept for three days
on shelf.

Furthermore, under ambient room conditions, the resulted combinations
demonstrate that the interactions of fourteen days storage period statistically induced
the lowest fruit total acidity values in comparison with the analogous one of seven days
storage period combinations.

The interaction between storage period, days on shelf and the tested pre-
harvest treatments, indicates that the days on shelf had a strong hand in determining
the content of fruit acidity, followed in action by the storage period. Thus, the longer the
period storage on shelf (six days) coupled with longer duration (twenty-eight days), the
lower was fruit acidity percentage in most cases and the reverse was true. Therefore,
cold stored fruits at 15°C for twenty-eight days or cold stored ones at 10°C for twenty
one days and kept on shelf for six days recorded the lowest values in this respect.
5.2.2.13. Fruit ascorbic acid content (Vitamin C)

Fruit ascorbic acid content of Zebda mango fruits was proportionally decreased
with the advancement of storage period. This trend was true under the three studied
temperatures in both seasons. However, the longer the storage duration i.e. fourteen
days under ambient room conditions or twenty-eight days under cold storage (15 &
10°C), the lower was fruit ascorbic acid content and vice versa. Additionally, most
tested pre-harvest treatments succeeded in maintaining fruit ascorbic acid content
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under the three studied storage temperatures, with superiority for 2% CaCl, treatment
in both seasons.

Furthermore, freshy fruits removed from cold stores (zero day on shelf)
appeared to be the most effective one for producing the richest fruit ascorbic acid
content in comparison with those kept for longer period on shelf (six days) or three
days on shelf.

Moreover, under ambient room conditions, the resulted combinations
demonstrate that the interactions of seven days storage period had significantly the
highest values of fruit ascorbic acid content as compared with the analogous ones of
fourteen days storage period. So, seven days room stored fruits treated with 2% CaCl,
statistically recorded the highest values in this respect.

The interaction between storage period, days on shelf and the tested pre-
harvest treatments, the resulted combinations illustrate that the shorter the period on
shelf (zero day) combined with shorter storage duration (seven days), the higher was
fruit ascorbic acid content and the reverse was true.

Conclusively, to enhance storability and marketability of Zebda mango fruits, it is
advisable to pre-harvest spray Zebda mango fruits three times a year (The first spray
was done after fruit setting stability, meanwhile the others two sprays were carried out
thereafter at three weeks intervals) with 2% calcium chloride or 50 ppm gibberellin and
keeping treated fruits after harvesting under storage at 15°C and 90-95% R.H.
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