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Abstract: The effect of different treatment; potassium permanganate, hot water treatment under 50-
53" C for 10 min. and shrink film addition to control on storage life of mango cultivars Hindi
Besennara (early ripe) and Alphonse(mid season) under three low temperature 8, 10 and 13°C and
R.H. (80-85%) for 30 days was investigated. The quality characteristics such as decay, shelf life,
firmness, weight loss, T.S.S., titratable acidity, ascorbic acid, reducing and total sugars were studied
at an interval of 6 days during storage. However, the treatment shrink film at 8°C was the most
effective in keeping storability of the two cultivars and this reflect on the mean performance physical
and chemical parameters in the two seasons for the two cultivars. It was found that keeping quality in
low temperature and decreased with increasing temperature degree. Whereas, hot water treatment
take the same trend with control in the high contain of T.S.S., acidity, reducing and total sugars and
low content in V.C.. All treatments and control had no shelf life in 24 and 30 days in 13°C. Shrink
film had no decay till the 24 days under three storage temperature.
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INTRODUCTION

Mango (Mangifera indica L.) is an important tropical fruit having heavy demand in world market. It is
consumed both as fresh and in processed form. The storage life of the mango depends on the stage of maturity
at which the fruit is harvested, mango fruits are generally harvested at physiologically matured stage to get
optimum fruit quality (Jha et al., 2006). Fruit is susceptible to chilling injury, which leads to a storage disorder
manifested mainly as dark, scald-like discoloration and pitting or sunken lesions on the peel when fruit are
stored at low temperature (below 13 OC)

For long periods, storage treatments, such as heat treatment, intermittent warming, modified atmosphere,
and application of plant growth regulators have been developed to prevent or alleviate this storage disorder
(McCollum, et al ., 1993; Wang, 1993; Pesis et al., 2000; Gonz alez-Aguilar et al., 2001; Nair and Singh,
2003). Susceptibility of mango fruit to harvest diseases increases after harvest and prolonged storage as a
result of physiological changes occurring in the fruits that enable pathogen development (Eckert and
Ratnayake, 1983; Prusky et al., 1999).

The production, marketing and consumption of mango fruits are restricted due to improper handling, in a
adequate transport and storage facility, disease problems, and sensitivity to low storage temperature (Mitra
S.K. and E.Z. Baldwin, 1997).

Low temperature handling and storage are the most important methods of postharvest management
(Johnson et al., 1997). Prolonged storage is difficult since temperatures low enough to delay ripening injury
these fruits, some mango cultivars can be safely stored at 7- 8°C, others, require temperatures above 10°C or
even 13°C (Mitra, S.K., 1997). Generally, green fruit should be stored at 10 or 15°C, while ripe fruit can
tolerate lower temperatures (Medlicott et al., 1990).

Potassium permanganate was found to extend the shelf life of climacteric fruit (Nwufo ez al., 1994). It is
quite effective in reducing ethylene levels by oxidizing it to carbon dioxide and water and this retard the
ripening of many fruits.

Hot water immersion has a number of advantages, which include short treatment time, (Mitcham and
McDonald, 1993) measured an increase in ethylene production as a response to heat stress. Increases in
ethylene production might stimulate ripening processes. However, this stimulus could be limited because of the
effects of elevated temperatures on the enzymes of the ethylene biosynthetic pathway (Paull and Chen, 2000).

The atmosphere generated by modified atmosphere packaging (MAP) delays ripening of certain subtropical-
tropical fruits, including mango (Kader, A.A., 1994). The main factors that maintain mango quality in various film
packaging is increased Co2 and, which reduce respiration rate and prevent water loss (Chaplin et al., 1982; Miller et
al., 1983; Yuen et al., 1993; Rodov et al., 1997) is still not a commercial technique.
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As induced above, mangoes are a climacteric fruit with a limited shelf life. The quality of the fruit rapidly
decreases once fully ripe. For this, the relationship between methods to extend fresh fruit shelf life have
included external coating, used potassium permanganate and hot water treatment and under three different
storage temperatures (the susceptibility for low temperature under 13°C for two mango cultivars (early and
mid season) for one month did not study before.

MATERIAL AND METHODS

This investigation was carried out during two consecutive seasons (2009 and 2010) on two mango
cultivars; i.e., Hindi-Besennara(early ripe) and Alphonse(mid season). Trees were budded on Balady mango
rootstock, spaced at 7 meters apart, in private orchard in Behera Governorate.

Uniform fruit samples were picked at mature stage for Hindi - Besennara cultivar on July 15 and 18 ( 10+
1% T.S.S ) and on August 29 and September 4 for Alphonse cultivar( 9+ 1% T.S.S) in 2009 and 2010, in
respectively from each experimental tree. Fruit samples were immediately transported to the laboratory of the
Plant Production Department, Faculty of Agriculture, Saba Basha, Alexandria University, and were washed
with tap water, treated with 10% Clorox (52 gram chlorine/ litre) and air dried, sample (four fruits) was taken
for determined the initial fruit quality, the remained fruits for the two cultivars were divided into four groups:
1) potassium permanganate (ethylene absorbent) in sachets at 2.5 gram/ Kg fruit then cardboxes wrapped in
low- density polyethylene films ( 28 um thick) 2) hot water treatment at 50- 53" C for 10 min. After dipping,
fruit were dried by electric fan 3) individual fruit was wrapped in low- density polyethylene films (28 pum
thick) 4) control. Other fruits for each treatment were stored at Shelf life conditions (20" C and 56% R.H) and
the decay was recorded. As for storage experiment, each treatment was replicated four times, each consisting
of 2 open cardboxes (60x40x18 cm) each containing 24 mature fruits in a single layer. All boxes of the above
mentioned treatments were stored at (8, 10, 13°C) and relative humidity of 85-90% in a cold storage room and
kept as long as they were marketable. In all treatments, including the control, it was noticed that, in both
seasons for both mango cultivars, the experiments were terminated after thirty days.

During storage, samples of four fruits were taken from each replicate at, 6, 12, 18, 24 and 30 days from
storage. Fruit firmness was determined by (Magness and Taylor, 1925) pressure tester using a 5/16 plunger.
Two readings were taken at two opposite sides on the flesh of each fruit after peeling. T.S.S (%) was
determined in fruit juice by a hand refractometer. Fruit juice acidity was determined according to the
(A.0.A.C., 1980) by titration with 0.1N sodium hydroxide using phenolphthalein as an indicator and expressed
as citric acid percentage. Vitamin C content was determined in fruit juice using 2, 6 -dichlorophenol-indo-
phenol blue dye as mg ascorbic acid per 100 ml juice (A.O.A.C., 1980).The total sugars were determined
colorimetrically using phenol and sulphuric acid according to (Malik and Singh, 1980). The reducing sugars
were determined by the Nelson arsenate-molybdate colorimetric method (Dubois et al., 1956). For calculating
the percentage of physiological fruit weight loss, 10 fruits from each replicate were labeled and were
periodically weighed every 7 days. Weight loss was calculated according to the following equation:

Average loss in fruit weight x 100

Weight loss (%) = Average initial fruit weight

The experimental design was randomized complete block design, and all data obtained throughout the

course of this study were statistically analyzed by the analysis of variance as described by '

RESULTS AND DISCUSSION

Physical Properties:
a) Shelf Life:

The data listed in (Table 1) indicated that mango fruits stored at high temperature had shorter shelf life
than those stored at low temperature, where fruits stored at 13°C for 24 or 30 days had no shelf life in Hindi -
Besennara and Alphonse, except potassium permanganate and shrink film in 24 days in Alphonse. Whereas
those stored at 8°C remained in cold storage room for 30 days with a suitable shelf life period.

The results, also, showed that shelf life of mango fruits treated with shrink film or potassium
permanganate (ethylene absorbent) was longer than those treated with hot water and than those of the control.
Hot water treatment markedly reduced shelf life of mango fruits (Table 1).

It was also noticed that fruit shelf life decreased with increasing storage period.

b) Fruit Decay:
The present results indicated that mean fruit decay percentage markedly increased with increasing storage
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temperature (Table 2). In the meantime, the lowest fruit decay percentage was found on fruits wrapped with
shrink film followed by those treated with potassium permanganate, then by those subjected to hot water
treatment, whereas those of the control showed the highest fruit decay percentage. In both seasons for two
cultivars.

As for storage period effect, it was found that fruits decay was, generally, observed after 18 days and
increased with increasing storage period. At 8°C, fruit decay was observed after 30 days from storage, except
fruits wrapped with shrink film found after 24 and 18 days when stored at 10 and 13°C, respectively, in both
seasons for two cultivars.

The hot water immersion treatment was effective in decreasing the severity of many common
physiological skin disorders, such as darkened lenticels (small black spots) and anthracnose, a fungus that is
the most common postharvest disease affecting mango (Kim et al., 2007)

c) Weight Loss

The results listed in (Table 3) indicated that weight loss of Hindi Besennara and Alphonse fruits was
significantly higher when fruits were stored at 13°C, as compared with those at 10°C which, also, showed
significantly higher weight loss than those stored at 8°C, except betweenl0 and 13°C in the first season for
Alphonse cultivar.

The data, also, revealed that mango fruits wrapped with shrink film showed the significantly lowest
average weight loss than those of the other treatments in both seasons for the two cultivars. In Hindi
Besennara, fruits treated with hot water showed significantly higher average, whereas those of potassium
permanganate (T1) and control (T4) showed intermediate values. In Alphonse cultivar, control showed the
highest significant value in both seasons, except to hot water treatment in the first season. As for the effect of
storage period, it was found that the average weight loss of Hindi-Besennara fruits significantly increased with
increasing storage period, except between third and fourth dates in the first season. In Alphonse cultivar, there
were no significant differences were found till the third date in the first season and till the second period in the
second season, also no significant difference were also found between fourth and fifth in the first season.

d) Fruit Firmness:

The present results indicated that increasing storage temperatures from 8 to 13°C significantly decreased
the firmness of mango fruits (Table 3), except between 10 and 13°C in Hindi-Besennara cultivar. This may be
explained by the greater ripeness of the fruit. It was, also, noticed that fruits wrapped with shrink film had
significantly higher firmness, as compared with other treatments. No significant differences were also found,
except between fruits treated with potassium permanganate compared to those treated with hot water and those
of the control in the first season of Alphonse.

It was, also, found that fruit firmness significantly decreased with increasing storage period. Significant
differences were found among the different storage periods, except between the third and fourth period in the
second season of Alphonse.

Chemical Analysis:
a) TSS:

It is clear in Table (4) that increasing the storage temperature increased the TSS, but differences between
8°C and 10°C were not big enough to be significant in both seasons for the two cultivars. Fruits treated with
hot water and those of control had a significant value compared to those treated with potassium permanganate
and those wrapped with shrink film. In the meantime, fruits treated with potassium permanganate showed a
significant increase in TSS compared to those wrapped with shrink film in the second season for Hindi-
Besennara and the first season of Alphonse cultivar.

It was, also, found that TSS significantly increased with storage time, except between the fifth and sixth
dates in Hindi-Besennara, while the first date had a significant lowest value compared to other dates in
Alphonse cultivar.

b) Acidity:

) Thetﬁresent results showed that in general, fruit acidity higher in low temperature and decreased with increasing
temperature degree. mango fruits stored at 8°C had significantly higher acidity than those stored at 10°C, which also
had significantly higher juice acidity as compared with those stored at 13°C, except between 8 and 10°C in Hindi-
Besennara (Table 4).

Fruits wrapped with shrink film had significantly highest juice acidity, followed by those of Potassium
permanganate, then hot water treatment and control.
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As for the effect of storage periods on juice acidity, it was found that its content significantly decreased
with storage, while no significant difference was found between fourth and fifth period in the second season of
Hindi-Besennara, while no significant difference was found between fifth and sixth period in the first season of
Alphonse cultivar.

¢) Vitamin C:

Concerning the effect of storage temperature on fruit vitamin C content, the present data in Table (4)
showed that its values significantly decreased with increasing storage temperature. No significant difference
was found between 8 and 10°C in the second season of Hindi-Besennara cultivar.

As for the effect of prestorage treatments, it was found that fruits wrapped with shrink film had
significantly higher fruit vitamin C content than other treatments. On the contrary, control fruits and hot water
treatment showed significantly lowest values, whereas for the potassium permanganate treatment showed
intermediate values.

d) Reducing and Total Sugars:

It was found that increasing storage temperature significantly increased fruit reducing and total sugars
content, no significant difference was found betweenl10 and 13°C in the second season of Alphonse cultivar
(Table 4). As for fruit treatments, the present results revealed that fruit treated with hot water and those of
control had significantly higher reducing and total sugars content than the other treatments. In the meantime,
fruits treated with Potassium permanganate had a significant value compared to shrink film in both seasons of
the two cultivars.

The reducing sugars content in Hindi-Besennara and Alphonse mango fruits significantly increased with
increasing storage period in the two seasons.

Table 1: : Effect of different low temperatures ( 8, 10 and 13°C), prestorage treatments (potassium permanganate, hot water and shrink

film) and storage periods on shelf life fruit mean performance:
a) Hindi- Besennara cultivar.
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Table 2: Effect of different low temperatures (8, 10 and 13°C), prestorage treatments (potassium permanganate, hot water and shrink film)
and storage periods on decay( %) fruit mean performance of Hindi -Besennara and Alphonse mango cultivars.

Decay (%)
Hindi-Besennara Alphonse
2009 | 2010 2009 | 2010
Temperature(°C)
0.34 0.32 0.38 0.40

10 1.14 1.16 0.93 0.95
13 2.24 2.20 1.53 1.48
Treatments 0.65 0.61 0.39 0.38
Potassium permanganate (T1) 1.57 1.55 1.18 1.20
Hot water (T2) 0.13 0.11 0 0
Shrink film(T3) 2.61 2.60 2.01 2.00
Control(T4)
Storage period (6 days interval)

1 - - - -
S2 0 0 0 0
S3 0 0 0 0
S4 0.78 0.76 0.33 0.31
S5 243 2.40 1.90 1.96
S6 4.23 4.26 3.14 3.18

Table 3: : Effect of different low temperatures ( 8, 10 and 13°C), prestorage treatments (potassium permanganate, hot water and shrink
film) and storage periods on weight loss (%) and firmness (lb/inz) fruit mean performance of Hindi -Besennara and Alphonse mango
cultivars.

Weight loss (%) Firmness (lb/inz)

Hindi-Besennara Alphonse Hindi-Besennara Alphonse

2009 | 2010 2009 | 2010 2009 | 2010 2009 | 2010
Temperature(°C)

3.33° 3.09° 3.23° 3.12° 13.31% 13.34* 1331 13.34°
10 459" 4.05° 3.90° 3.51b° 1257°  1227° 1257°  1227°
13 548° 542 4.19* 3.88° 1210°  11.91° 12.10° 1191¢
Treatments
Potassium permanganate (T1) 469°  452° 404> 357° 1255° 1246 1255°  1246°
Hot water (T2) 6.19° 576" 5.05° 521° 1241°  1237° 1241°  1237°
Shrink film(T3) 155 1229 L13* 086¢ 1330 13.15° 1330°  13.15°
Control(T4) 544> 504" 487°  437° 1238 1203 1238 12,03
Storage period ( 6 days interval)
S1 - - - - 16.3" 17.06" 15.46"
S2 3271 277° 3.44% 2.97¢ 14.06°  14.02° 1506° 1452
S3 423° 3.62¢ 3.00° 3.38° 13.18° 13.20° 13.81°  13.55°
S4 4.32° 4.16° 3.99% 3.58° 12414 1237° 13244 13.19°
S5 491°  4.92° 399 376° | 1077° 1043 | 1035 10.50°
S6 5597 544° 4.44° 383% | 905 9.23" 931 8.67°
Temp.X Treat. n.s HHE n.s ook n.s n.s n.s n.s
Temp.X Stor. n.s o n.s HAE n.s n.s HHE n.s
Treat.X Stor. ek ek EEES £ EEES ek ek ek
Temp.X TreatX Stor. n.s HEE n.s Ak n.s n.s *E n.s

Means followed by the same letter(s) within a separate column are not significantly different at 0.05 level of probability.
n.s not significant.* significant at 0.05 level of probability. ** significant at 0.01 level of probability.*** significant at 0.001 level of
probability.
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Table 4: Effect of different low temperatures ( 8, 10 and 13°C) prestorage treatments (potassium permanganate, hot water and shrink film)
and storage periods on chemical parameters mean performance of mango:
a) Cultivar Hindi-Besennara

T.S.S. Acidity V.C Reducing sugars | Total sugars
(%) (%) (mg/100ml (%) (%)
juice)
2009 | 2010 ] 2009 | 2010 | 2000 | 2010 | 2009 | 2010 2009 [ 2010
Temperature(°C) b b ) ) ) ) ) ‘ ) )
1227° 11.55 1.75% 177 3437° 3325% | 0479 0.536° 957 9.71°
10 1243° 1173 172 173%| 3093° 3321* | 0.531° 0545°| 9.71° 9.79°
13 1280 12.70° 1.55°  1.56° | 29.03° 2698° | 0566 0.561* | 10.08* 10.00°
Treatments b b b b b b b b b b
Potassium permanganate (T1) 12.26 11.72 1.71 1.69%°| 32.58 33.07%| 0.509 0.543 9.70 9.78
Hot water (T2) 12.92*  12.55° 1.59°  1.64° | 28.70° 2758 | 0.554" 0.558* | 10.05* 10.00°
Shrink film(T3) 12.04° 11.26° 176  1.74* | 34.48" 3557 | 0.487° 0.532°] 932° 951°
Control(T4) 1277% 12.44* 1.63¢ 1.68° 30.01° 28.37° | 0.551° 0.556°| 10.06* 10.01°
Storage period ¢ ¢ ¢ ¢
S1 10.80°  10.26° 1..94* 2.00° 50.00 48.40* | 0395 0463 8.82' 892
S2 11.864  11.33° 1.77°  1.81° | 43.15°  4046° | 0479° 0494° | 896° 9.00°
S3 12415 1178 L72°  173° | 3535 3450™| 0515° 0525 | 9.86° 9.93°
S4 1295°  12.33° 1.64° 162 2943* 28.63°| 0.566° 0.568° | 10.02° 10.00°
S5 13.40"  12.98" 155 1.55% | 19.62° 24.11¢| 0.580° 0599° | 10.23° 1031°
S6 1353  13.28* 143 142°] 11100 1079°| 0.618° 0635%| 10827 10.89°
Temp.X Treat. n.s n.s oAk n.s n.s n.s Hokk * HoAk *
Teme Stor. n.s n.s £ EE sk n.s sk Ed ek Ed
Treat.X Stor. sk n.s sk n.s seksk n.s sk £ ek Kk
Temp.XTreatXStor n.s n.s n.s n.s n.s n.s A n.s | ¥¥¥ n.s
Means followed by the same letter(s) within a separate column are not significantly different at 0.05 level of probability.
Y P g y p y
n.s not significant.* significant at 0.05 level of probability.** significant at 0.01 level of probability. *** significant at 0.001 level of
probability.
B) Cultivar Alphonse
T.S.S. Acidity V.C Reducing sugars | Total sugars
(%) (%) (mg/100 ml | (%) (%)
juice)
2009 [ 2010 J2009 | 2010 [2009 2010 | 2009 | 2010 |2009 | 2010
Temperature(°C) b b ) ) ) b b
8 10.71 10.53 2.08* 210 | 27.96* 25.49* 0.421°  0.387° | 8.34° 8.21
10 11.00° 1090° | 1.88° 2.02° |27.07° 22.88° | 0.445° 0.404* |[894°  8.80°
13 11.88% 1163* | 1.67° 1.97° 12539 2025° | 0479 0414* |9.82" 968"
Treatments b b ab b b b b b b b
Potassium permanganate (T1) 11.04" 10.79 1.91% 2.05 27.55 23.67" | 0.439 0.395" | 8.71 8.51
Hot water (T2) 1150 1137% [1.82° 199° |2580°¢ 21.13° | 0.473" 0426" | 945" 9.22°
Shrink film(T3) 1055¢ 1043° 1.98% 211 [2898" 2581% | 0412° 0365 |8.87° 8.70°
Control(T4) 11.69% 11.49° 180°  196% 2489 2089 | 0469* 0421* |951* 933*

Storage period B ¢ ¢ ¢ ¢
9.4 96° 2.4% 261° ]3940 37.30° | 0359 0311 | 7.14 7.00

S2 105°  10.36" | 207°  222° [3326° 2946° | 0402° 0337° [7.81°  763°
S3 11.03¢ 1071 | 1.88°  208° [2863° 25.82° | 0440" 0389 [8.83¢  8.67°
S4 11.63° 1129 |1.73¢ 1879 [2563° 2143° [ 0455° 0426° [9.11° 901
S5 1218% 11.75° | 1.65°  1.79° [20.83° 13.81° | 0.528" 0448 [ 1036° 10.25°
S6 1245 1242° |155"  161° |13.09° 9437 | 0546 0500° | 1094* 1090
Temp.X Treat. n.s n.s n.s n.s n.s n.s HE ns | ** wx
Temp.X Stor. n.s n.s n.s seofesk EEES ko EEE # EEES *
Treat.X Stor. n.s ns ET3 sk skk sk FETS sk | dokk PEEY
Temp.XTreatXStor n.s n.s n.s HE n.s n.s HoAk n.s | *** n.s
Means followed by the same letter(s) within a separate column are not significantly different at 0.05 level of probability.

n.s not significant.* significant at 0.05 level of probability.** significant at 0.01 level of probability.*** significant at 0.001 level of

probability.

Discussion:

Effect of Potassium Permanganate Treatment:
Potassium permanganate treatment (KMnO4) resulted in more delay of fruit ripening and extension of shelf life
of mango fruits under the three low temperatures by removal of endogenous ethylene (Abu - Goukh, 1986; Scott et
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al., 1970). Mango is a typical climacteric fruit that exhibits characteristic rise in ethylene production and respiration

rate. The high rate of respiration which is usually associated with short shelf life, soft texture and high moisture
content makes mango a very perishable fruit that requires absolute care during handling and transportation. During
ripening of fleshy fruits changes in tissue permeability and cellular compartmentation occur (Wills et al., 1989),
since ripening was delayed in the presence of KMnO4, tissue permeability would be decreased and reduction in
weight loss in the fruits would be observed. (Illeperuma and Jayasuriya, 2002; Joyce DCA, Shorter J and Jones,
1995) in mango found that KMnO4 was more effective in delaying fruit fresh softening. These results agree
with previous reports that KMnO4 delayed the onset of the climacteric peak in banana (Abu- Goukh, 1986;
Scott et al., 1970), papaya (Corréa et al., 2005 and Silva et al., 2009 ), apricot (Palou and Crisosto, 2003) and
kiwifruit (Bal and Celik, 2010). In addition, KMnO4 decreases respiration and delays ripening by maintaining
ethylene at a low level for a long period (Wills et al ., 1989; Illeperuma and Jayasuriya, 2002). Reported that
ethylene absorbents slow down the onset of ripening and sugar accumulation in mangoes.

Effect of Hot Water Treatment:

Hot water treatment at SOBC accelerated the ripening of mango fruits in both seasons for the two cultivars,
as reflected in the increased weight loss within the fruits compared to control and other treatments, and the
increased weight loss associated with conditioning could be due to either increased respiration associated with
accelerated ripening or increased respiration, or both processes (Jacobi et al., 2000), and they added that the
increase in mango fruit softness associated with hot water immersion, which leads to an increase in the activity
of cell wall enzymes. In the meantime, the accelerated the ripening of the two cultivars as reflected in the
increased weight loss, total soluble solids, reducing and total sugars and lower titratable acidity and vitamin C
levels within the mesocarp of the fruit compared to other treatments and untreated fruits. Generally, the more
ripe fruit had the lowest levels of injuries. Therefore, the advancement in ripening may play a key role in the
protective mechanism established within fruit cells to heat stress (Jacobi et al., 2000). The probable role of
soluble sugars in protecting cellular membranes from temperature extremes and desiccation has been studied
by (Leprince, et al., 1992; Ingram and Bartels, 1996) and a mechanism for the action of sugars has been
proposed by (Back et al., 1979). Tt is proposed that sugars stabilize proteins from heat denaturation through
effects on water structure and the degree of hydrophobic interactions exerted between molecules. An
alternative theory is that sugars tend to form a metastable state characterized by high viscosity, which provides
greater stability to chemical reactions, and biomembranes under stress (Roos, 1993). Therefore, from what is
currently known about the probable roles of soluble sugars, it is possible that conditioning treatments applied
to Hindi and Alphonse fruits, which accelerated sugar accumulation in fruit, may have caused cellular changes
resulting in the protection of membrane integrity during the hot water treatment. This was measured as an
increase the level of firmness and less of decay injuries.

Effect of Shrink Film Treatment:

(Kader et al., 1989) reported that the role of packaging was primarily to reduce the respiration rate of fruit
and vegetables by retarding their metabolic activities. Reduced respiration also retards softening, and slows
down various compositional changes such as TSS, which are associated with ripening. Plastic film was found
to be advantageous in cutting down the respiration rates and increasing the shelf life of mango (Miller et al.,
1986 and Boonsiri 2010) also reported that sealing individual climacteric fruit in low- density polyethylene
bags delayed ripening and softening, and hence improved marketability

Effect of Low Temperature Treatment:

In general, the ripening rate of mangoes as indicated by a fall in firmness, acidity and ascorbic acid were
found to be much slower using cold storage.

Reducing storage temperature improves the shelf ripe of perishable commodities mainly due to its effect
on physiological activity leading to retarded senescence of fruit in storage (Pinto et al., 2004 and Aneja, 2009).
Reducing the storage temperature (8 or 10°C) improved the maintenance of TSS, TA and AA when compared
to (13°C).This could be due to the fact that low temperature retards aging through reduced respiration rate and
other undesirable metabolic changes. High temperature is known to increase enzymatic catalysis and leads to a
chemical and biochemical breakdown in fruits and vegetables (Yoshida et al., 1984). The relatively higher
storage temperature led to higher rate of reduction in the TA during ripening and storage of mangoes. This
could be associated with rapid ripening and senescence process of mangoes when stored at higher temperature.
The changes in TA is based on changes in citric acid, the concentration of this acid is known to diminish
during ripening (Medlicott et al., 1986). This could be associated with the higher rate of respiration substrate
for the catabolic process in mangoes. Similar observations were reported by (Seyoum, , 2002 and Aguayo et
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al., 2010).

Effect of Storage Period:

Regarding the effect of storage period on the changes in fruit weight loss, the data of both experimental seasons
indicated that the average fruit weight loss was significantly increased with increasing storage period, In accordance
with these results, are those previously reported by (Salins and Lakshminarayana, 1985) on different mango

varieties.

Loss in fruit firmness with the progress of storage period is due mainly to decomposition, enzymatic
degradation of insoluble protopectins to more simple soluble pectins, solubilization of cell and cell wall
contents as a result of the increasing in pectin esterase activity and subsequent development of juiciness and
the loss in peel and pulp hardness (Abd El-Migid, 1986).

As for the effect of storage period on fruit T.S.S content gradually increased with storage. This could be
due to the losses in water through the respiration and evaporation during storage and hence the losses in fruit
weight. (Ahmed Amin, K.I., 1982; Hussein et al., 2001) stated the formation of soluble pectinic acid from
insoluble protopectin during senescence of fruit, (Cua, A.U., 1989) attributed such increase to the conversion
of starch into sugar.

Citric acid is a respiratory substrate and its consumption in respiration increased with the progress of
storage period, as it could be used as an organic substrate in the respiration process (Chandra et al., 1994).

The loss in ascorbic acid content with the progress of storage period could be attributed to rapid
conversion of L-ascorbic acid into dihydro-ascorbic acid in the presence of L-ascorbic acid oxidase (Bashir
and Abu-Goukh, 2002).’

The reducing sugars content, gradually, increased in the fruits during the cold storage. From the above-
mentioned results, such an increase in the percentages of fruit reducing sugars content could be due to the
hydrolysis of sucrose during storage, yielding reducing sugars (glucose and fructose), (Hassan et al., 2004)
working on some mango cultivars.

REFERENCES

Abd El-Migid, M.B., 1986. Post -harvest physiological studies on Le conte and Kiefer pear fruits stored at
different temperatures. Ph.D. Thesis, Alex. Univ, Alex., Egypt.

Abu- Goukh A.A., 1986. Effect of low oxygen, reduced pressure and use of 'Purafil' on banana fruit
ripening. Sudan Agricultural Journal, 11: 77-89.

Aguayo, E., Requejo-Jackman, C., Stanley, R. and Woolf, A. 2010. Effects of calcium ascorbate
treatments and storage atmosphere on antioxidant activity and quality of fresh-cut apple slices. Postharvest
Biology and Technology 57 (1): 52-60.

Ahmed Amin, K.I., 1982. Studies of fruit quality and storage ability of two apples cultivars as affected by
rootstocks, planting systems and density, irrigation, spraying with growth retardants, and post- harvest treating
with calcium chloride. Ph. D. Thesis, Research Institute of Pomology and Floriculture, Skiernie Wice, Poland.

Aneja, K.R. 2009. Experiments in Microbiology, Plant Pathology and Biotechnology (4th ed.): New Age
International Pvt Ltd Publishers.

Association of Official Agriculture Chemists( A.O.A.C.), 1980. Official methods of analytical Chemists
Washington, D.C., U.S.A.

Back, J.F., D. Oakenfull and M.B., Smith, 1979. Increased thermal stability of proteins in the presence of
sugars and polyols. Biochem., 18: 5191-5196.

Bal, E. and S.,Celik, 2010. The effects of postharvest treatments of salicylic acid and potassium
permanganate on the storage of kiwifruit. Bulgarian Journal of Agricultural Science,16(5), 576- 584.

Bashir, A.H. and A. Abu-Goukh, 2002. Compositional changes during guava fruit ripening. Fd. Chem., 80
(4): 557-563.

Boonsiri, A. 2010. Use of Polymeric Composite Packaging Film to Maintain Quality and Extend Shelf
Life of Thai Vegetables and Fruits: Postharvest Technology Center, Research and Development Institute,
Kampaengsaen, Kasetsart University, Thailand.

Castro, J.V., L.B. Pfaffenbach, C.R.L. Carvalho and C.J. Rossetto, 2005. Effects of film packing and cold
storage on post harvest quality of Tommy Atkins' mangoes. Acta Horticulturae (ISHS) 682: 1683-1688.

Chandra, R., S. Goving and P. Basuchaudhun, 1994. Pre-harvest sprays of calcium nitrate and Alar on quality
and post- harvest behaviour of guava fruits. Indian J. Hill Farming, 7(1): 51- 56 (Hort. Abst., 66:10947).

Chaplin, G.R., K.J. Scott and B.I. Brown, 1982. Effects of storing mangoes in polyethylene bags at
ambient temperature. Singap. J. Pri. Ind., 10: 84-88.

Corréa, S.F., M.B. Filho, M.G. Da- Silva, J.G. Oliveira, EM.M. Aroucha, R.F. Silva, M.G. Pereira and H.

1171



Aust. J. Basic & Appl. Sci., 5(10): 1164-1174, 2011
Vargas, 2005. Effect of the potassium permanganate during papaya fruit ripening: Ethylene production.
Journal de Physique IV (proceedings) p.869.

Cua, A.U., 1989. Ethylene biosynthesis in Carabao mango fruit (Mangifera indica L.) during maturation
and ripening. M.Sc. Thesis, University of The Philippines at Los Banos, College, Laguna, Philippines

Dubois, M., K.A. Cilles, J.K. Hamilton, P.A. Rober and F. Smith, 1956. Colorimetric method for
determination of sugar and related substances. Anal. Chem., 28: 350- 356.

Eckert, J.W. and M. Ratnayake, 1983. Host-pathogen interactions in post-harvest diseases. In: Lieberman,
M. (Ed.), Postharvest Physiology and Crop Preservation. Plenum, New York.

Gonz’alez-Aguilar, G.A., J.G. Buta, C.Y. Wang, 2001. Methyl jasmonate reduces chilling injury
symptoms and enhances colour development of ‘Kent’ mangoes. J. Sci. Food Agric., 81: 1244-1249.

Hassan, M.A., M.G. Ali and S. Ebeed, 2004. Maturation and heat units (G.D.D.) of some mango cultivars.
Egypt J. Appl. Sci., 19(5B) 553-571.

Hussein, M.A., T.K. El-Mahdy and A.A. Ibrahim, 2001. Effect of calcium chloride and gibberellic acid
treatments on Anna and Dorsett Golden apples during storage. Assiut Journal of Agricultural Sciences, 32(1):
85-200.

Mleperuma, C.K. and P. Jayasuriya, 2002. Prolonged storage of 'Karuthacolomban' mango by modified
atmosphere packaging at low temperature. Journal of Horticultural Science and Biotechnology, 77(2): 153- 157.

Ingram, J. and D. Bartels, 1996. The molecular basis of dehydration tolerance in plants. Ann. Rev. Plant
Physiol. and Plant Molec. Biol., 47: 377- 403.

Jacobi, K.K., E.A. MacRae and S.E. Hetherington, 2000. Effects of hot air conditioning of "Kensington"
mango fruit on the response to hot water treatment. Postharvest Biology and Technology, 21: 39- 49.

Jha, S.N., A.R.P. Kingsly and C. Sangeeta, 2006. Physical and mechanical properties of mango during
growth and storage for determination of maturity. Journal of Food Engineering, 72(1): 73-76.

Johnson, G.I., J.L. Sharp, D.L. Mine and S.A. Oostluyse, 1997. Postharvest technology and quarantine
treatments. In: The Mango: Botany, Production and Uses (Litz. E., ed), pp 44- 506. Tropical Research and
Education Center, USA

Joyce, D.C.A., J. Shorter and P.N. Jones, 1995. Effect of delayed film wrapping and waxing on the shelf
life of avocado fruit. Australian journal of Experimental Agriculture, 35(5): 657- 659.

Kader, A.A., D. Zagory and E.L. Kerbel, 1989. Modified atmosphere packaging of fruits and vegetables.
CRC Critical Reviews in Food Science and Nutrition, 28: 1-30.

Kader, A.A., 1994. Modified and controlled atmosphere storage of tropical fruits. In: Champ, B.R.,
Highley, E., Johnson, G.I. (Eds.), ACIAR Proceedings, vol.50: PostharvestHandling of Tropical Fruits,
Thailand, pp: 239-249.

Kim, Y., J.LK. Brecht and S.T. Talcott, 2007. Antioxidant phytochemical and fruit quality changes in
mango (mangifera indica L.) following hot water immersion and controlled atmosphere storage. Food
Chemistry, 105: 1327-1334.

Leprince, O., A. van der Werf, R. Deltour and H, Lambers, 1992. Respiratory pathways in germinating
maize radicles correlated with desiccation tolerance and soluble sugars. Physiol. Plant., 85: 581-588.

Magness, J.R. and C.F. Taylor, 1925. An improved type of pressure tester for the determination of fruit
maturity. U.S. Dept. Agric. Circ. No. 350: 8.

Malik, C.P. and M.B. Singh, 1980. Plant enzymology and histoenzymology. A text Manual Kalyani
Pubishers, New Delhi.

McCollum, G.T., S.D. Aquino and R.E. McDonald, 1993. Heat treatment inhibits mango-chilling injury.
HortScience., 28: 197-198.

Medlicott, A.P., M. Bhogol and S.B. Reynolds, 1986. Changes in peel pigmentation during ripening of
mango fruit (Mangifera indica var. Tommy Atkins). Annals of Applied Biology, 109: 651-656.

Medlicott, A.P., M. Sigrist and O. SY, 1990. Ripening of mangoes following low temperature storage.
Journal of the American Society for Horticultural Science, 115: 430-434.

Miller, W.R., P.W. Hale, D.H. Spaldling and P. Davis, 1983. Quality and decay of mango fruit wrapped in
heat-shrinkable film. HortScience., 18: 957-958.

Miller, W.R., D.H. Spalding and P.W. Hale, 1986. Film wrapping of mangoes at advancing stage at
postharvest ripening. Journal of Tropical Science, 26(1): 9-17.

Mitcham E.J and R.E. McDonald, 1993. Effects of quarantine heat treatment on mango fruit physiology.
Acta Hort., 343: 361-366.

Mitra, S.K., 1997. Postharvest physiology and storage of tropical and subtropical fruits. Cab International
Publishing Co., Inc. New York pp: 85-122.

Mitra S.K. and E.Z. Baldwin, 1997. Mango. In: Postharvest Physiology and Storage of Tropical and
Subtropical Fruits (Mitra S.K., ed), pp 85- 122. CAB International, West Bengal, India.

1172



Aust. J. Basic & Appl. Sci., 5(10): 1164-1174, 2011

Nair, S. and Z. Singh, 2003. Pre-storage ethrel dip reduces chilling injury, enhances respiration rate,
ethylene production and improves fruit quality of ‘Kensington’ mango. Food Agric. Environ., 1: 93-97.

Nwufo, M.L., M.L.. Okonkwo and J.C. Obiefune, 1994. Effect of post harvest treatments on the storage
life of avocado pear ( Persea Americana, mill). Trop. Sci., 34: 364-370.

Palou, L. and C.H. Crisosto, 2003. Post-harvest treatments to reduce the harmful effects of ethylene on
apricots. Acta Horticultureae., 599: 31-38.

Paull, R.E. and N.J. Chen, 2000. Heat treatment and fruit ripening. Postharvest Biol. Technol., 2: 21-37.

Pesis, E., D. Aharoni, Z. Aharon, R. Ben-Arie, N. Aharoni and Y. Fuchs, 2000. Modified atmosphere and
modified humidity packaging alleviates chilling injury symptoms in mango fruit. Postharvest Biol. Technol.,
19: 93-101.

Pinto, A.C., R.E. Alues and M.E.C. Pereira, 2004. Efficiency of different heat treatment procedures in
controlling disease of mango fruits. In: Proceedings of the Seventh International Mango Symptoms, pp: 551-
553. Acta Horticulture.

Prusky, D., Y. Fuchs, 1. Kobiler, I. Roth, A. Weksler, Y. Shalom, E. Fallik, G. Zauberman, E. Pesis, M.
Akerman, O. Yekutiely, A. Waisblum, R. Regev and L. Artes, 1999. Effect of hot water brushing, prochloraz
treatment and waxing on the incidence of black spot decay caused by Alternaria alternata in mango fruits.
Postharvest Biol. Technol., 15: 165-174.

Rodov, V., S. Fishman, R. De la Asuncion, J. Peretz and S. Ben Yehoshua, 1997. Modified atmosphere
packaging (MAP) of ‘Tommy Atkins’ mango in perforated films. Acta Hort., 455: 654-661.

Roos, Y., 1993. Melting and glass transitions of low molecular weight carbohydrates. Carbohydrate Res.
238, 39-48.

Salins, C.V. and S. Lakshminarayana, 1985. Compositional changes in mango fruit during ripening at
different storage temperatures. J.Fd. Sci., 50: 1646-1648.

Scott, K.J., W.B. McGlasson and E.A. Roberts, 1970. Potassium permanganate as an ethylene absorbent in
polyethylene bags to delay ripening of bananas during storage. Australian Journal of Experimental Agriculture
and Animal Husbandry, 10: 237-240.

Seyoum, T., 2002. The improvement of the shelf life of vegetables through pre- and postharvest treatment.
PhD Dissertation, University of Free State, South Africa.

Silva, D.F.P., L.C.C. Salomao, D.L. Siqueira, P.R., Cecon and A. Rocha, 2009. Potassium permanganate
effects in postharvest conservation of the papaya cultivar Sunrise Golden. Pesq. Agropec. Bras., Brasilia, 44, 7,
669- 675.

Steel, R.G.D. and J.H. Torrie, 1980. Principles and procedures of statistics: 2nd ed., Mc Graw- Hill,
Hogakusha, Ltd., Japan.

Wang, C.Y., 1993. Approaches to reduce chilling injury of fruits and vegetables. Hortic. Rev., 15: 63 -95.

Wills, R.B.H., W.B. Mcglasson, D. Graham, T.H. Lee and E.G. Hall, 1989. An Introduction to the
Physiology and Handling of Fruit and Vegetables. Oxford, London, Edinburg, Boston, Melbourne. BSP
Professional Books.

Yoshida, O., H. Nakagawa, N. Ogura and T. Sato, 1984. Effect of heat treatment on the development of
polygalacturonase activity in tomato fruit during ripening. Plant Cell Physiology, 25(3): 505-509.

Yuen, C.M.C., S.C. Tan, D. Joyce and P. Chettri, 1993. Effect of postharvest calcium and polymeric films

on ripening and peel injury in ‘Kensington Pride” mango. ASEAN Food J.8, 110-113.

1173



