17 Egypt. J. Hort. Vol. 43, No.2, pp. 277 - 298 (2016)

Increasing Storability of Mango cv. ‘Zibda’
Fruits By 1-Methylcyclopropene and Gibberellic
Acid Postharvest Applications

M.A.A. Mohamed’, A.F. Abd El-Khalek™, and A M.R.A.
Abdelaziz™

“Fruit Handling Department, Horticulture Research Institute,
Agricultural Research Centre, ~Horticulture Department,
Faculty of Agricultural, Tanta University and ~ Organic
Agricultural, Central Lab., Agricultural Research Centre,

Cairo, Egypt.

he effects of postharvest applications of 1-methylcyclopropene

(1-MCP) and gibberellic acid (GAs) on fruit quality of stored
mango cv. ‘Zibda’ at 13°C were studied during two successive
seasons, 2014 and 2015. Fruits divided into three equal groups and
treated with 0, 1 and 1.5 ppm of 1-MCP. Applications were performed
by placing each group into a hermetic chamber and exposing them to
the gas for 24 hours at room temperature. After the duration of 1-MCP
applications, the fruits in each group divided into three equal
subgroups and mangoes were dipped into aqueous solutions of GA; at
0, 50 and 100 ppm concentration for ten minutes. All treatments were
stored at 13°C for five weeks. All postharvest applications
significantly increased fruit storability and reduced the deterioration
rate of mango fruits during storage. Moreover, the combination
treatments of 1-MCP with GA; were more effective in this aspect. This
experiment revealed that, postharvest application of ‘Zibda’ mango
fruits with exposed to 1-MCP for 24 hours or dipped in GAz solution
for ten minutes especially combined treatments before storage at 13°C
alleviated decay incidence reduced weight loss percentage and
increased marketable fruit percentage. In addition, these applications
delayed the variability of fruit colour, decreased loss of fruit firmness
and maintained inner fruit quality for up to five weeks at 13°C
followed by three days shelf life at room temperature.

Keywords: Gibberellic acid, 1-Methylcyclopropene, Mango, Colour
Firmness, Decay, Fruit quality.

Mango (Mangifera indica L.) is one of the most popular and traditional fruit in
the world. In Egypt, The total occupied area of mango orchards reached 183341
feddans with annually total production of 786528 tons according to Statistics of
Ministry of Agriculture and Land Reclamation (2014). Mango is considering a
climacteric fruit and it has poor storage life. Fruit ripening rapidly after
harvesting, this is because of trigger ethylene, which greatly affects a loss in its
commercial value (Wongkhot et al., 2012). The rapid quality loss and short
storage life of the mango fruit makes it highly perishable with a short shelf life
period (Narayana et al., 1996). Ripening process of mango fruit is follow by a
peak in respiration and a concomitant production of ethylene (Wills et al., 1998).
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Ethylene is a plant hormone, has a major role in promote ripening processes
(Wang et al., 2002). This simple hydrocarbon molecule can diffuse in and out of
plant tissues from both endogenous and exogenous sources (Saltveit, 1999).
Ethylene affects on the quality of harvested products and can be helpful or
harmful, depending on the produce and it is ripening stage (Saltveit, 1999).
Usually after harvesting, the ripening process in mature green mango involves a
series of biochemical reactions because of increase respiration, ethylene
production and change in structural of polysaccharides. These effects resulted in
fruit softening, degradation of chlorophyll, developing pigments by carotenoids
biosynthesis, conversion carbohydrates or starch into sugars and change in
organic acids, lipids, phenolics and volatile compounds, thus leading to fruit
ripening (Herianus et al., 2003). Some commercial strategies used to withdraw
deleterious effects of ethylene over fruits are practicing. For instance, avoid
exposure to ethylene, minimize ethylene production and action during fruit
ripening, harvest, storage and transport by using compounds that inhibit ethylene
action through interaction with ethylene receptors (Sisler and Serek, 1997
Watkins, 2006 and Wang et al., 2009). Moreover, low temperature is useful for
maintaining fruit quality and extending shelf life of mangoes (Mitra & Baldwin,
1997 and Nunes et al., 2007) and it can be used to delay the ripening process of
climacteric fruits by reducing the ethylene production from tissues and minimizes
the rate of response of the tissue to ethylene action (Wills et al., 1998).

1-Methylcyclopropene (1-MCP) is a synthetic cyclic olefin capable of
inhibiting ethylene action and it acts as a competitor of ethylene, blocking its
access to the ethylene-binding receptors (Sisler and Serek, 1997). 1-MCP is a
gaseous nontoxic product that is used to delay the ripening and softening process,
extend the storage as well as shelf life and improves post-storage quality of
several climacteric fruits (Watkins, 2006). Application of 1-MCP at low
concentrations prior to the climacteric increase delayed the onset of the
climacteric peaks of CO, and ethylene production and is more effective in
reduction the activities of ethylene biosynthesis enzymes, 1-aminocyclopropane-
1-carboxylic acid synthase (ACS), 1-aminocyclopropane-1-carboxylic acid
oxidase (ACO) and 1-aminocyclopropane-1-carboxylic acid (ACC) content
(Watkins, 2006 and Wang et al., 2009). Furthermore, 1-MCP was effective in
inhibition the increment of the activities fruit softening enzymes (pectin methyl
esterase, 1,4-B-D-glucanase and polygalacturonase) in the skin as well as in pulp
tissues of ‘Chousa’, ‘Dashehari’ and ‘Langra’ mango fruits and consequently
fruit softening delayed (Singh & Neelam, 2008). Meanwhile, 1-MCP treatment at
very low concentration has been used to delay fruit ripening, improve postharvest
quality and maintain firmness of many fruits including, mangoes (Del Monte et
al., 2004; Wang et al., 2009 and Sivakumar et al., 2012), avocados (Jeong et al.,
2003 and Meyer & Terry, 2010), banana (Abdalnoor, 2010), kiwifruits (Boquete
et al., 2004), nectarines (Ozkaya et al., 2016) and ‘Eureka’ lemons (Abd El-
khalek, 2012 and El-Abbasy et al., 2013). 1-MCP application is effective in
preventing superficial scald and controlled soft scald, internal browning, and
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breakdown incidence, impairs fruit ripening and improving overall fruit quality
of pears (Vanoli et al., 2013 and Rizzolo et al., 2014). Exogenous application
with 1.0 pl/l of 1-MCP decreased ethylene production and activities of
polygalacturonase and pectin methyl esterase during ripening of ‘Chousa’,
‘Dashehari’ and ‘Langra’ mango fruits and consequently fruit softening delayed
(Singh & Neelam, 2008). In addition, respiration rates and ethylene production are
reduced in fruits treated with 1-MCP (Del Monte et al., 2004, Singh & Neelam,
2008 and Wang et al., 2009). As for bioactive compounds, ascorbic acid content
was higher in 1-MCP treated mango ‘Tommy Atkins’ as compared to the
untreated mango (Del Monte et al., 2004). Meanwhile, 1-MCP prevented or
delayed chlorophyll degradation and the activity of chlorophyllase enzyme in
orange and lime fruits (Porat et al., 1999 and Win et al., 2006). Moreover, treated
“Tower II’ avocado fruits with 0.9 pL/L of 1-MCP for 12 hours at 20°C had
greener colour as compared to untreated fruits after storage for 12 days at 20°C
(Jeong et al., 2003). In addition, application of ‘Tahiti’ lime and ‘Oroblanco’
citrus fruits with 0.5 or 1.0 pL/L of 1-MCP or in combination with gibberellic
acid increased the shelf life for 40 days and delayed changes in colour intensity
(Tavares et al., 2004). In addition, 1-MCP enhanced the disease resistance and
reduced the decay incidence during storage in oranges (Porat et al., 1999), pineapples
(Pietro et al., 2009), ‘Eureka’ lemons (Abd El-Khalek, 2012 and EI-Abbasy et al.,
2013) and mangoes (Chutichudet et al., 2016).

Plant growth regulators can be used as postharvest treatments to maintaining
various physical and biochemical characteristics of fruits. Plant growth regulators
performed effectively in reduction of postharvest decay, and extension of shelf
life of mango (Ahmed & Singh, 2000 and Feng et al., 2016). Generally,
gibberellic acid (GAj) is one of some plant growth regulators known for its anti
senescing properties and ethylene antagonist, which delaying ripening processes
and colour transformation of climacteric fruits (Wahdan et al., 2011). In
mangoes, postharvest treatment with GA; at 200 or 300 ppm delayed ripening
and changes in colour of fruit and reduced an increasing in total soluble solids
content, total sugar, loss of ascorbic acid content, acidity and physiological loss
in weight during storage and shelf life period (Feng et al., 2016). Moreover
application of GA; on mangoes significantly decreased fruit weight loss during
storage (Wahdan et al., 2011 and Islam et al., 2013a). In addition, GA; treatment
significantly slowed the rate of rind colour change, softening and maintained
internal fruit quality of ‘Clementine’ mandarin and ‘Washington’ navel orange
fruits during cold storage (El-Otmani and Coggins, 1991). Postharvest dips in
GA:; (50 and 100 ppm) inhibited the decay development of stored lemon fruits for
90 days (Ben-Yehoshua et al., 1995).

Apparently, the reduction of losses and extension of postharvest life of mango
will help to increase the market price in the off seasons, which play a good role in
the economic development. Therefore, the current research was aimed at studying
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the influence of postharvest treatments with 1-MCP as an anti-ethylene and plant
growth regulators (GA3) on ripening, fruit quality parameters of ‘Zibda’ mango
fruits during storage at 13°C.

Materials and Methods

Fully mature green of mango fruits cv. ‘Zibda’ (Mangifera indica L.) were
picked according to Mitra and Baldwin (1997) during the 2014 and 2015 seasons.
They were obtained from a commercial private orchard in El-Behera
Governorate, Egypt (latitude, 31°02" N, longitude, 30°28" E). The fruits were
apparently uniform in size and free of visible symptoms of infection, plucked on
the first week of august and directly transported to the postharvest laboratory of
Horticulture Research Institute in Giza governorate, nearly at 175 Km from the
orchard. Fruits at the laboratory were thoroughly cleaned with tap water to
remove dirt, latex and reduce fruit temperature, after that fruits were completely
dried by electric fans. A total of 810 fresh fruits were selected and randomly
divided into three equal groups. A powder containing 0.14% of 1-MCP as active
ingredient was released from a commercial powdered formulation (Smart
Fresh™ Rohm and Hass Inc., USA) by adding distilled water, according to the
manufacturer’s instructions was used for the treatments. Three groups of mango
fruits were treated as follows: the weight of 1-MCP powder was calculated by the
area of hermetic chamber (162 liter), 50 ml of distilled water were added to the
flask containing a predetermined amount of powder and was stirred until its
complete dissolution, which giving 0, 1 and 1.5 ppm of 1-MCP. For untreated
fruits, the flask did not contain powder. 1-MCP application was performed by
placing the each group into a hermetic chamber and exposing them to the gas for
24 hours. After the duration of treatments, mango fruits in each group were
removed from the container and divided into three subgroups, after that the fruits
were dipped in aqueous solutions of gibberellic acid (0, 50 and 100 ppm)
containing 0.05% (v/v) Tween-80 to improve wettability and adherence to
mangoes surface for ten minutes. Then the fruits were air dried by electric fan for
one hour and then packaged in cardboard boxes (50x35x15 cm). Each treatment
included ten boxes, each containing nine fruits (90 fruits per treatment).
Subsequently the treated fruits stored at 13+1°C and 85-90 % relative humidity
(RH) for 5 weeks. At zero time of cold storage and after every one week intervals
of cold storage period plus three days as a shelf life period at room conditions
(22-28°C and 60-75% RH) for to simulate a marketing period, fruit samples were
taken to measure the changes in external and internal fruit quality during cold
storage period.

Measurements of fruit physical and chemical characteristics

Weight loss percentage was calculated by the following equation [(initial fruit
weight - fruit weight at examination date) / (initial fruit weight)] x 100.

Decayed fruit percentage was determined as follow [(number of decayed
fruits at examination date) / (initial number of fruits)] x100.
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Marketable fruit percentage was calculated by the following formula [(sound
fruits at examination date) / (initial fruit weight)] x100.

Fruit colour was measured using a Minolta CR-400 Chroma Meter (Minolta
Co. Itd. Osaka, Japan). The measurements of skin and flesh colour were
expressed in chromaticity values of hue angle (h°). Three readings were taken at
different locations of each mango fruit during each data observation (McGuire,
1992 and Voss, 1992).

Fruit firmness of the flesh was recorded by using Ifra texture analyzer
Instrument. The force required to penetrate 1 cm inside the fruit using a needle
probe diameter of 5 mm was measured. The machine was set with peak mode and
speed of 0.3 mm/sec. Readings were recorded on three points in the equatorial
region of the whole fruit and the results were expressed as the resistance force to
the penetrating tester in units of pressure g/cm? (Watkins & Harman, 1981).

Fruit juice was extracted by crushing the pulp of each fruit and fruit juice
strained through a muslin cloth and used for measuring internal fruit quality as
follow:

Fruit content of ascorbic acid (AsA) was determined according to method of
adopting the procedure described by AOAC (2000) and was calculated as
mg@/100 ml juice.

Fruit content of total soluble solids (TSS) was determined by hand
refractometer, 0-32 scale (ATAGO N-1g, Japan) and expressed in °Brix after
making the temperature correction at 20°C according to AOAC (2000).

Fruit content of titratable acidity (TA) was determined as per the procedure
of AOAC (2000). Aliquot was taken and titrated against 0.1 N NaOH to the
phenolphthalein end point and expressed as citric acid and was calculated as
g/100 ml of the juice.

Fruit TSS/TA ratio was calculated from the values recorded for fruit TSS
and TA percentages determined.

Statistical analysis

This experiment was arranged in a completely randomized design having
three replications (Steel et al., 1997) and consisting of two factors (postharvest
treatments and storage periods). This experiment was analysis as factorial. Data
calculated as percentage were transformed to arcsine of square root before
statistical analysis and non-transformed means are shown. The effects of
postharvest treatments and cold storage periods on different attributes were
analyzed statistically by analysis of variance (ANOVA) using the MSTAT-C
statistical package (M-STAT, 1993). Comparisons between means were done by
Duncan’s multiple range tests (DMRT) at probability < 0.05.
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Results and Discussion

Effect of postharvest applications of 1-methylcyclopropene (1-MCP) and
gibberelic acid (GA3) on ‘Zibda’ mango fruit quality during cold storage

Physical characteristics
Fruit weight loss, decay and marketable percentages

Data presented in Tables 1, 2 and 3 clearly indicated that, weight loss and
decay percentages of mango fruits gradually and significantly increased with
prolonging of cold storage period followed by shelf life during the two seasons in
this work. On contrast, marketable fruits percentage gradually and significantly
decreased with the advancement of cold storage period in the two seasons under
this investigation.

TABLE 1. Effect of postharvest treatments of 1-methylcyclopropene (1-MCP) and
gibberelic acid (GAz) on changes in weight loss percentage of ‘Zibda’
mango fruits during storage at 13°C plus 3 days shelf life at 22-28°C

Storage period (days)
Postharvest treatments

0 7 14 21 28 35 Means
Season 2014
Distilled water (control) 277 rv 447 opg 7.13 mn 10.17 e-j 1573 b 20.87a 1019 A
1 ppm 1-MCP 103 wx 273 rv 603no 880 jkI 1157 def 1233 cd 7.08 BCD
1.5 ppm 1-MCP 0.47 x 217 r-w 5530 890 i-l 11.23 def 1247 cd 6.79 CDE
50 ppm GA; 127 vwx 297 g-u 590 no 993 fj 1150 def 13.27c 747 B
100 ppm GA; 270 r-v 440 opg 553 0 8.13 kilm 11.77 cde 11.80 cde 7.39 BC

1ppm 1-MCP + 50 ppm GA; 170 t-x  3.40 p-s 450 opq 9.27 h-l 1093 d-g 11.40 def 6.87 CD
1.5 ppm 1-MCP + 50 ppm GA; 1.84 s-x 354 pqr 469 op 860 j-m 11.50 def 11.70 cde 6.98 BCD
1ppm 1-MCP + 100 ppm GA; 1.07 wx 277 r-v 570 no 833 kim 10.47 e-i 11.30 def 6.61 DE
1.5 ppm 1-MCP + 100 ppm GA; 1.53 u-x 323 pt 470 0p 780 Im 950 g-k 10.63e-h 623 E

Means 160 F 330E 552D 888 C 1158B 1286 A

Season 2015
Distilled water (control) 418 r-v 588 nr 7.72Imn 1120 fi 17.47b  19.90a 1106 A
1ppm 1-MCP 175 w-z 345tw 53405 712 mno1212d-h 1350cd 721 C
1.5 ppm 1-MCP 171 wz 341tw 609 n-q 835 kim 11.40 fi 1152 fi 7.08 C
50 ppm GA; 329 tx 499 pt 657 mp 979 ijk 1337 cde 1246 c-g 841 B
100 ppm GAs 275 u-x 445¢q-u 618 n-q 895 jkl 1301 cf 1397c 822 B

1ppm 1-MCP +50ppm GAs 081z 251 vz 397 sv 757 Imn 12.74 c-g 11.84 d-h 657 CD
15ppm1-MCP +50 ppm GAs 157 xyz 327 tx 510 pt 758 Imn 11.62 e-h 1057 hij 6.62 CD
1ppm1-MCP +100ppm GAs 094 yz 264 uy 4.06sv 619 n-q 1097 ghi 1224 c-h 617 D
15ppm 1-MCP +100ppm GAs 182 w-z 352 sw 4.80 pt 7.67 Imn 10.43 hij 9.07 jkI 622 D
Means 200E 379D 554C 827 B 1257 A 1279 A

Means followed by the same letters within postharvest treatments, storage periods and their
interactions in each season are not significantly different at level P < 0.05 according to DMRT.
The duration of the exposure to 1-MCP and GA; dipping were 24 hours and 10 minutes, respectively.
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These results are in accordance with those reported by Islam et al. (2013a).
They reported that, mango fruits weight loss percentage and decay incidence
gradually and significantly increased with prolonging of storage period.

Data also indicated that, all postharvest treatments significantly decreased the
deterioration rate in these characteristics during the two seasons in this work as
compared to untreated fruits. Moreover, fruits treated with either 1 or 1.5 from 1-
MCP in combination with gibberellic acid at 50 or 100 ppm significantly had the
lowest deterioration rate in these characteristics during the two seasons under this
study. Data also cleared that, there was a significant interaction among all these
studded treatments during the two seasons in this research.

TABLE 2. Effect of postharvest treatments of 1-methylcyclopropene (1-MCP) and
gibberelic acid (GAz) on changes in decay percentage of ‘Zibda’ mango
fruits during storage at 13°C plus 3 days shelf life at 22-28°C

Storage period (days)

Postharvest treatments

0 7 14 21 28 35 Means
Season 2014
Distilled water (control) 0.00 m 0.00m 973 ij 20.03c 3727b 4177a 1813 A
1ppm 1-MCP 0.00 m 000 m 000 m 000 m 11.80 f-i 14.07 d-f 431 B-D
1.5 ppm 1-MCP 0.00 m 000 m 000 m 000 m 10.67 g-j 12.37 f-h 3.84 C-E
50 ppm GA; 0.00 m 000m 000 m 000 m 1323ef 1573d 483 B
100 ppm GA; 0.00 m 000m 000 m 000 m 1260 e-g 14.67 de 454 BC
1ppm 1-MCP +50ppm GA; 000 m  000m 000 m 000 m 957 j 1220 fh 363 DE
1.5 ppm 1-MCP + 50 ppm GA; 0.00 m 000m 000 m 000 m 729 k 1290ef 336 E
1ppm 1-MCP + 100 ppm GA;  0.00 m 000m 000 m 000 m 000 m 1397df 233 F
1.5 ppm 1-MCP + 100 ppm GAg 0.00 m 000m 000 m 000 m 307 | 1023hj 222 F
Means 0.00 E 0.00 E 108 D 223 C 1172 B 1643 A
Season 2015

Distilled water (control) 0.00 g 0.00 g 1228 de 1849 cd 30.17b 433l1a 1737 A
1ppm 1-MCP 0.00 g 0.00 g 000 g 000 g 539 fg 1859cd 4.00 BC
1.5 ppm 1-MCP 0.00 g 0.00 g 000 g 000 g 503 fg 17.15c-e 370 BC
50 ppm GA; 0.00 g 0.00 g 000 g 000 g 11.23ef 2079c 534 B
100 ppm GA; 0.00 g 0.00 g 000 g 0.00 g 542 fg 204l1c 431 BC
1ppm 1-MCP + 50 ppm GA;  0.00 g 0.00 g 000 g 000 g 000 g 17.65ce 294 BC
1.5 ppm 1-MCP + 50 ppm GA; 0.00 g 0.00 g 000 g 000 g 000 g 17.19ce 286 BC
1ppm 1-MCP + 100 ppm GA; 0.00 g 0.00 g 000 g 000 g 000 g 1435ce 239 C
1.5 ppm 1-MCP + 100 ppm GA; 0.00 g 0.00 g 000 g 000 g 000 g 1414ce 236 C
Means 0.00 C 000C 136 C 205 C 636 B 2040A

Means followed by the same letters within postharvest treatments, storage periods and their
interactions in each season are not significantly different at level P <0.05 according to DMRT.
The duration of the exposure to 1-MCP and GA; dipping were 24 hours and 10 minutes, respectively.
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Fruit weight loss during storage could largely be attributed to moisture loss
that occurs through physiological processes, such as transpiration and respiration
(Magazin et al., 2010). The reduction in weight loss of the fruits treated with 1-
MCP and GA; especially in combination treatments might be due to its anti-
senescent action, which causes the decrease in the tissue permeability thereby
reduced physiological loss in weight by delaying fruit ripening as mentioned by
Sudha et al. (2007).

TABLE 3. Effect of postharvest treatments of 1-methylcyclopropene (1-MCP) and
gibberelic acid (GAz) on changes in marketable percentage of ‘Zibda’
mango fruits during storage at 13°C plus 3 days shelf life at 22-28°C

Storage period (days)
Postharvest treatments

0 7 14 21 28 35 Means
Season 2014
Distilled water (control) 97.23 a-e 9553 d-h 8313 0 69.99 u 4700 v 3737w 7L71E
1ppm 1-MCP 98.97 ab  97.27 a-e 93.97 h-k 91.20 Im 76.63 rs 7360t 88.61 CD
1.5 ppm 1-MCP 99.53 a  97.83 a-e 94.47 f-i 91.10 Im 78.10 gr 75.17 st 89.37 BC
50 ppm GAg 98.73 ab  97.03 a-f 94.10 g-k 89.83 Im 7527 st 71.00 u 87.66 D
100 ppm GA; 97.30 a-e  95.60 c-h 94.47 f-i 91.87 jm 7563 st 7353t 88.07 D

1ppm 1-MCP + 50 ppm GAs 9830 abc 96.60 b-h 9550 d-h 90.73 Im 79.50 pgq 76.40 rs 89.51 BC
15ppm 1-MCP +50 ppm GAs 98,16 a-d 96.46 b-h 95.31 e-h 91.40 Im 81.21 op 75.40 st 89.66 B
1ppm 1-MCP +100 ppm GAs 9893 ab 97.23 a-e 94.30 g-j 91.67 kim 89.53 mn 74.73 st 91.07 A
15ppm 1-MCP +100 ppm GAs 9847 ab  96.77 b-g 95.30 e-h 92.20 i-l 87.43 n 79.14 pg 9155 A

Means 9840 A 9670 B 9339 C 8889 D 7670 E 70.70 F

Season 2015
Distilled water (control) 95.82 a-e  94.12 a-g 80.00 kim 70.32 nop 52.35 ¢ 36.80 r 7157 D
1ppm 1-MCP 98.25 ab  96.55 a-d 94.66 a-f 92.88 a-g 82.49 il 67.92 op 88.79 ABC
15 ppm 1-MCP 98.29 ab  96.59 a-d 93.91 a-g 91.65 a-g 83.57 h-k 71.33 nop 89.22 AB
50 ppm GA; 96.71 a-d 95.01 a-f 93.43 a-g 90.21 c-h 75.39 mn 66.75 op 86.25 C
100 ppm GAg 97.25 abc 95.55 a-f 93.82 a-g 91.05 b-g 81.56 j-m 65.62 p  87.48 BC

1ppm 1-MCP +50 ppm GAs 9919 a  97.49 abc 96.03 a-e 92.43 a-g 87.26 g-j 70.51 nop 90.49 A
15ppm 1-MCP +50 ppm GAs 9843 ab  96.73 a-d 94.90 a-f 92.42 a-g 88.38 f-i 72.25 nop 90.52 A
1ppm 1-MCP + 100 ppm GAs 9906 a  97.36 abc 95.94 a-e 93.81 a-g 89.03 e-i 73.41 no 91.44 A
15ppm 1-MCP + 100 ppm GAs 98,18 ab  96.48 a-e 95.20 a-f 92.33 a-g 89.57 d-h 76.79 Imn 91.43 A
Means 9791 A 9621 A 9310 B 89.68 C 8107 D 66.82 E

Means followed by the same letters within postharvest treatments, storage periods and their
interactions in each season are not significantly different at level P < 0.05 according to DMRT.
The duration of the exposure to 1-MCP and GA; dipping were 24 hours and 10 minutes, respectively.

These results are in harmony with the findings of Chutichudet et al. (2016) on
mango fruits, who reported that postharvest application of 1-MCP reduced
physiological loss in weight in comparison to untreated fruits. Moreover, these
results are conformity with the findings of Wahdan et al. (2011) and Islam et al.
(2013a). They reported that, dipping mango fruits in GA; reduced weight loss
during storage.
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Susceptibility mango fruits to postharvest diseases were increased during
storage because of the physiological changes and senescence of fruits (Prusky &
Keen, 1993). They also cleared that, the reducing decay appearance after treating
with 1-MCP may be associated with changes in natural antifungal compounds in
ripening fruit.

The reduction of decay incidence of mangoes cv. ‘Zibda’ during storage by
postharvest application with either 1-MCP or GA; especially in combination
treatments may be due to the low respiration rate and the delay senescence of
fruits, which could enhance resistance to infection and lesion development as has
been previously suggested by Watkins (2008).

These results coincide with previous reports of Pietro et al. (2009) on
pineapple fruits, who found that 1-MCP might be beneficial in controlling
microbial growth. Moreover, these results are in line with the findings of Abd EI-
khalek (2012) and El-Abbasy et al. (2013) on ‘Eureka’ lemon fruits and
Chutichudet et al. (2016) on mangoes. They demonstrated that, 1-MCP
application had a positive effect in reducing postharvest decay as compared to
control treatment during storage. Moreover, immersed fruits before storage in
GA:; inhibited the decay development of mangoes (Kumar & Sing, 1993) and
lemons (Ben-Yehoshua el al., 1995).

Fruit firmness

Data shown in Table 4 appeared that, firmness of mango fruits gradually and
significantly decreased with prolonging of cold storage period followed by shelf
life during the two seasons in this study. These results are in harmony with those
obtained by Singh & Neelam (2008), Wang et al. (2009), Sivakumar et al. (2012)
and Chutichudet et al. (2016). They illustrated that, firmness of mango fruits
gradually and significantly decreased with the progress of storage period.

Moreover, data indicated that, all postharvest treatments significantly
decreased loss of fruit firmness during the two seasons in this work as compared
to untreated fruits. Moreover, fruits treated with 1.5 of 1-MCP in combination
with gibberellic acid at 100 ppm significantly had the lowest decreasing rate of
fruit firmness during the two seasons under this study. Data also mentioned that,
there was a significant interaction among all these studded treatments during the
two seasons in this research.

Fruit softening of mango fruits was associated with the increase of activities
of cell wall hydrolysis enzymes because of ripening process (Ali et al., 2004).
Similar effects in delaying softening of mango fruits and reducing the
deterioration rate of firmness during storage have been observed by 1-MCP
postharvest treatments (Del Monte et al., 2004; Singh & Neelam, 2008; Wang et
al., 2009; Sivakumar et al., 2012 and Chutichudet et al., 2016). Furthermore,
these results are in harmony with those obtained by Wahdan et al. (2011), who
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found that postharvest treatment of GA; of mango fruits showed better retention
of firmness as compared to untreated fruits.

TABLE 4. Effect of postharvest treatments of 1-methylcyclopropene (1-MCP) and
gibberelic acid (GA;3) on changes in firmness (g/cm?) of ‘Zibda’ mango
fruits during storage at 13°C plus 3 days shelf life at 22-28°C

Storage period (days)
Postharvest treatments

0 7 14 21 28 35 Means
Season 2014
Distilled water (control) 195.7 de  192.0 ef 1643 937 n 483 uv 363v 121.7D
1ppm 1-MCP 193.0 ef 189.3efg 156.3j 1087 Im 983 mn 57.3stu 1338 C
1.5 ppm 1-MCP 200.4 a-e  196.7 cde 175.0 ghi 1153 kI 77.3 o-r 64.7 rst 138.2 ABC
50 ppm GAs 2134 ab  209.7 a-d 174.7 ghi 86.0 nop 747 pgr 55.7tu 1357 C
100 ppm GA; 2150a 2113 abc 1703 hij 97.0 mn 70.7 gt 55.7tu  136.7 BC

1ppm 1-MCP +50 ppm GAs 1914 ¢f 187.7 efg 168.0 hij 1167 kI 923 n 683 rst 137.4 ABC
15ppm1-MCP +50 ppm GAs 2024 a-e 198.7 b-e 180.0 fgh 127.3 k 83.3 n-q 65.0 rst 142.8 A
1ppm 1-MCP +100 ppm GAs  197.4 cde 193.7 ef  180.0 fgh 1250k 90.0 no 68.0 rst 142.4 AB
15ppm 1-MCP +100 ppm GA3 1927 ef  189.0 efg 189.0 efg 1263 k 89.3 no 71.0 qrs 142.9 A

Means 2002 A 1965A 1731B 110.7C 805 D 602E

Season 2015
Distilled water (control) 198.7 cde 195.0 def 1380n 817 v-y 517 z 447z 1183 D
1ppm 1-MCP 181.4 f-i 177.7 hij 1413 mn 1147 op 100.3 pt 86.0 t-x 1336 C
1.5 ppm 1-MCP 194.4 d-g 190.7 esi 1617 kl 106.0 pg 91.3 g-v 74.7 wxy 1365 C
50 ppm GAs 212.0 abc 208.3 bed 127.0 no 101.0 pt 947 g-v 660y 1348 C
100 ppm GA; 196.0 def 1923 e-h 153.3 Im 103.0 p-s 98.3 p-u 67.3y 1350 C

1ppm 1-MCP +50ppm GAs 2177 ab 214.0 ab  163.7 jkl 1127 op 87.7 r-w 69.3y 1442 B
15ppm 1-MCP +50 ppm GAs 2274 a 2237 ab 1786 g 1043 pgr 89.7 g-w 70.7 xy 149.1 AB
1ppm 1-MCP +100ppm GAs 2254 a  221.7 ab 1749 ijk 1027 pt 93.3 g-v 82.0 u-y 150.0 AB
15ppm1-MCP +100ppm GAs 2264 a 2227 ab 1829 e-i 100.7 pt 93.0 gv 87.0 ssw 152.1 A
Means 2088 A 2051 A 157.9B 103.0C 8.9 D T720E

Means followed by the same letters within postharvest treatments, storage periods and their
interactions in each season are not significantly different at level P <0.05 according to DMRT.
The duration of the exposure to 1-MCP and GA; dipping were 24 hours and 10 minutes, respectively.

Moreover, the present results indicated that there was a positive relationship
between firmness and weight loss. This observation cleared that, postharvest
application with either 1-MCP or GA; especially in combination treatments
delayed ripening process, retained firmness and extended the storage life of
mango fruits by reducing weight loss during storage as documented by (Jeong,
2001) on avocado fruits.

Fruit skin and flesh colour

Data illustrated in Tables 5 and 6 demonstrated that, flesh and skin colour of
mango fruits represented as hue angle value (green or yellowish green, more than
90 and greenish yellow or yellow, less than 90). Fruit skin colour changed
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directly from green to yellow with prolonging of cold storage period followed by
shelf life during the two seasons in this research. On the other side, fruit flesh
colour changed directly from yellow to orange (hue angle around 65) with
prolonging of cold storage period followed by shelf life during the two seasons in
this research.

TABLE 5. Effect of postharvest treatments of 1-methylcyclopropene (1-MCP) and
gibberelic acid (GA3) on changes in flesh colour represented as hue angle
of ‘Zibda’ mango fruits during storage at 13°C plus 3 days shelf life at 22-
28°C

Storage period (days)

Postharvest treatments

0 7 14 21 28 35 Means
Season 2014

Distilled water (control) 794 cf 77.8dh 661nq 631q 55.6 1 52.3 1 65.7 E
1ppm 1-MCP 852 ab 835abc 77.4dh 746 fm 712 in 71.0jo0 771D
1.5 ppm 1-MCP 86.8a 85.lab 808be 759dj 731hm 67.0nq 781CD
50 ppm GA; 881a 86.4a 80.2 b-e 756 d-k 704kp 639q 77.4 CD
100 ppm GA; 883a 86.6a 79.6 cf 766 d-i  70.0 I-p 63.9 q 77.5 CD
1ppm 1-MCP +50ppm GAs 880 a 86.3 a 83.2 abc  80.2 b-e 73.1h-m 658 0pg 79.4 BC
15ppm1-MCP +50ppm GAs gg7a  87.0 a 88.4 a 739 g-m 753 e-l 69.4 m-p 80.5B

1ppm 1-MCP +100ppm GAs g7.9a 862 a 87.8 a 793cg 758dk 656py 804 B
15ppm1-MCP +100ppm GAs gg.7 a  87.1 a 83.9 abc 80.9 bcd 80.2b-e  73.7h-m 824 A

Means 8.8A 81B 88C 756D T716E 65.8 F

Season 2015
Distilled water (control) 69.8s-v 681uv 663v  6LIw 593w 587w 639 E
1ppm 1-MCP 830cj 8l3ek 803gm 7541ls 724qu 73lou 776C
1.5 ppm 1-MCP 85.1ag 834bi 8L5dk 752m-s 745nt 719 q-u 786 BC
50 ppm GA; 786i-0 77.0kr 762kr 720qu 7L5rv  689tuw 741D
100 ppm GAs 86.0 af 843 ah 791hn 728pu 725qu 699sv 774 C

1ppm 1-MCP +50ppm GAs 893 a  87.7abc 80.9 fI 737 n-u  74.2 nt 72.6 p-u  79.7 AB
15ppm 1-MCP +50 ppm GAs 882 abc 86.5 af 81.6 d-k 78.7i-0 750 m-s 724 g-u 80.4 AB
1ppm 1-MCP +100 ppm GAs  gg6 abc 86.9 a-e 867 ae 77.6j-q 723 ¢gu  720qu 80.7 AB
15ppm 1-MCP +100ppm GAs 887 ah  87.0 a-d 85.6 a-g 78.2i-p 76.0 k-r 751 m-s 818 A
Means 842 A 825B 798C 739D T20E 705 E

Means followed by the same letters within postharvest treatments, storage periods and their
interactions in each season are not significantly different at level P < 0.05 according to DMRT.
The duration of the exposure to 1-MCP and GA; dipping were 24 hours and 10 minutes, respectively.

These results are in line with those obtained by Islam et al. (2013a) and
Chutichudet et al. (2016). They mentioned that, skin colour of mango fruits
changed from green and greenish yellow to yellow and pulp was changed from
yellow to orange with prolonging of cold storage period. Moreover, data
suggested that, all postharvest treatments significantly reduced changing rate of
fruit skin and flesh colour during the two seasons in this investigation as
compared to untreated fruits. In addition, fruits treated with 1-MCP in
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combination with gibberellic acid significantly had the lowest colour changing
rate during the two seasons under this study. Data also approved that, there was a
significant interaction among all these studded treatments during the two seasons
in this research.

TABLE 6. Effect of postharvest treatments of 1-methylcyclopropene (1-MCP) and
gibberelic acid (GAg) on changes in skin colour represented as hue angle
of ‘Zibda’ mango fruits during storage at 13°C plus 3 days shelf life at 22-
28°C

Storage period (days)

Postharvest treatments

0 7 14 21 28 35 Means

Season 2014
Distilled water (control) 121.0 a-e 1193 a-e 1052 i-n 947 qs 776 u 651 v 972 C
1ppm 1-MCP 122.2 a-d 1205 a-e 106.8 i-m 98.9 n-r 987 nr 963 p-s 107.2 B
1.5 ppm 1-MCP 117.1 ¢cf 1154 e-h 110.2 g-k 103.7 k-0 101.1 m-q 965 p-s 107.3 B
50 ppm GA; 1239 ab 1223 a-d 108.8 h-l 1039 k-0 926 rst 90.0 st 1069 B
100 ppm GAs 124.7 ab 123.1 abc 110.8 f-j 1058 i-m 92.4 rst 87.4 t 1074 B
1ppm 1-MCP +50 ppm GAs 1237 abc 122.0 a-e 118.3 b-e 111.0 fj 1039 k-o 91.0 st 1117 A
15ppm 1-MCP +50 ppm GAs 1248 ab 123.1 abc 118.9 b-e 107.9 i-l 102.6 Ip 962 p-s 1123 A
1ppm 1-MCP +100ppm GAs 1261 a 124.4 ab 1112 fj 1118 fi 106.7 i-m 984 o-r 1131 A
15ppm 1-MCP +100ppm GAs 1261 a  124.4 ab 1156 d-g 111.8 f-i 1047 j-o 1005 m-q 113.9 A
Means 1233 A 1216 A 1118B 1055C 978 D 913 E

Season 2015
Distilled water (control) 104.2 h-l 1025 i-m 921 o-v 89.8 gw 835 wxy 67.3 z  89.9
1ppm 1-MCP 1185 af 116.9 b-f 103.6 i-l 96.8 I-r 943 nt 849 v-y 1025
15 ppm 1-MCP 121.0 a-d 119.3 ae 1132 efg 98.0 k-p 909 p-w 857 uy 1047
50 ppm GA; 121.3 a-d 119.6 a-e 111.1 fgh 948 nt 882 sx 80.7 xy 102.6
100 ppm GAs 116.7 b-f 115.0 def 104.9 h-k 101.3 i-n 928 o-u 803 y 1018

1ppm 1-MCP +50 ppm GAs 1236 abc 122.0 a-d 116.7 c-f 101.5in 951 m-s 88.1 s-x 107.8
15ppm 1-MCP +50 ppm GAs 1245 ab 122.9 abc 106.6 gj 97.4 k-q 87.1 ty 848 v-y 103.9
1ppm 1-MCP +100 ppm GAs 1247 a  123.0 abc 1165 c-f 1035 i-l 948 nt 89.6 rw 1087
15ppm1-MCP +100ppm GAs 1248 a  123.1 abc 116.8 b-f 107.1 ghi 99.3 j-0 846 v-y 109.3
Means 1199 A 1183 A 1091 B 989 C 918 D 89 E

> > W > W W T ®®O

Means followed by the same letters within postharvest treatments, storage periods and their
interactions in each season are not significantly different at level P < 0.05 according to DMRT.
The duration of the exposure to 1-MCP and GA; dipping were 24 hours and 10 minutes, respectively.

These results were confirmed by studies of (Pongprasert & Srilaong, 2014) on
bananas and (Chutichudet et al., 2016) on mangoes. They reported that,
postharvest treatment of 1-MCP prevented or delayed chlorophyll degradation
and retained the highest hue angle value in comparison to control during storage.
In addition, these results are in line with those obtained by (Islam et al., 2013a),
who illustrated that mango fruits treated with GA; delayed colour development
and retarding chlorophyll degradation in the peel as compared to untreated fruits
during storage.
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Chemical characteristics

Fruit contents of total soluble solids (TSS), titratable acidity (TA), TSS/TA ratio
and ascorbic acid (AsA)

Data shown in Tables 7, 8, 9 and 10 clearly indicated that, mango fruit
contents of TSS and TSS/TA ratio gradually and significantly increased with the
advancement of cold storage period followed by shelf life, while TA and AsA
gradually and significantly decreased with prolonging of storage period during
the two seasons under this investigation.

These results are in agreements with the previous reports of Abu-Goukh &
Abu-Sarra (1993) and Islam et al. (2013a). They mentioned that, AsA declined
rapidly during storage of mangoes. Moreover, our results wee confirmed by those
obtained by Bashir & Abu-Goukh (2003) on guava fruits and Abd El-khalek
(2012) and El-Abbasy et al. (2013) on ‘Eureka’ lemon fruits.

TABLE 7. Effect of postharvest treatments of 1-methylcyclopropene (1-MCP) and
gibberelic acid (GA3z) on changes in AsA (mg/100 ml juice) of ‘Zibda’
mango fruits during storage at 13°C plus 3 days shelf life at 22-28°C

Storage period (days)

Postharvest treatments

0 7 14 21 28 35 Means
Season 2014
Distilled water (control) 55.42 a-d 50.73 efg 4240 k-0 40.17 op 20.77t 1693 u 37.74E
1ppm 1-MCP 58.29 a  53.60 b-e 42.47 k-0 42.64 j-0 41.41 m-p 31.76 qrs 45.03 BC
1.5 ppm 1-MCP 56.09 abc 51.40 ef  48.47 fgh 44.97 i-l 3471 qr 33.97 qrs 44.94 BC
50 ppm GA; 56.89 ab 5220 e 4220 -0 41.00 nop 35.07 q 30.93s  43.05 D
100 ppm GA3 57.69 a  53.00 cde 43.00 j-o 43.83j-n 3394 qrs 31.43rs 43.82 CD

1ppm 1-MCP +50 ppm GAs 5669 ab 52.00 e  47.85 ghi 44.81 i-m 3859 p  32.11 qrs 45.34 B
15ppm 1-MCP +50 ppm GAs 5629 ab 51.60 e  47.88 ghi 45.81 h-k 42.51 k-0 32.49 qrs 46.10 AB
1ppm 1-MCP +100 ppm GAs 5669 ab 52.00 e  47.82 ghi 45.97 hij 43.87 j-n 33.85 qrs 46.70 A
15ppm1-MCP +100ppm GAs 5749 a  52.80 de  47.45 hi 45.14 h-l 4454 i-m 3452 qr 46.99 A

Means 56.84 A 5215B 4550 C 4382D 3727TE 30.89 F

Season 2015
Distilled water (control) 51.52 f-j 46.83 h-n 37.27 s-v 38.03 r-u 2817 xy 2210z 37.32E
1ppm 1-MCP 58.22 cde 53.53 efg 46.20 i-0 43.27 k-r 41.07 nt 30.80 wx 45.52 BC
1.5 ppm 1-MCP 56.89 def 52.20 fgh 46.57 h-0 43.63 k-r 39.23 p-u 30.83 wx 44.89 C
50 ppm GA; 51.89 f-i 47.20 h-m 46.20 i-0 42.90 I-s 36.30 tuv 24.57 yz 4151 D
100 ppm GAs 4859 g-l 43.90 k-q 45.83 j-0 44.23 k-p 39.23 p-u 24.93yz 4112D

1ppm 1-MCP +50 ppm GAs 5382 efg 49.13 g-k 46.57 h-0 44.73 k-p 40.70 o-t  32.00 vwx 44.49 C
15ppm 1-MCP +50 ppm GAs 6346 abc 58.77 cde 43.63 k-r 41.07 nt 38.13 g-u  32.47 vwx 46.26 BC
1ppm 1-MCP + 100 ppm GAs 66,02 ab 61.33 bed  46.93 h-n 42.17 m-s 38.87 p-u  29.70 wxy 47.50 AB
15ppm1-MCP +100ppm GAs 67.12 a  62.43 abc  44.73 k-p 42.17 m-s 39.23 p-u  34.83 uvw 48.42 A
Means 5750 A 5281 B 4488 C 4247 D 37.88E 2914 F

Means followed by the same letters within postharvest treatments, storage periods and their
interactions in each season are not significantly different at level P < 0.05 according to DMRT.
The duration of the exposure to 1-MCP and GA; dipping were 24 hours and 10 minutes, respectively.
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Data in the present study also revealed that, all postharvest treatments
significantly decreased loss of fruit contents in TA and AsA as well as slowed an
increase of fruit contents in TSS and TSS/TA ratio during storage in both seasons
under this investigation as compared to untreated fruits. Moreover, mango fruits
treated with 1-MCP in combination with gibberellic acid significantly had the
lowest changing rate in all these characteristics during the two seasons under this
study. On contrary, in untreated fruits (control), fruit content of TSS was
increased till 21 days of cold storage period followed by three days shelf life,
then decreased till end of storage period as compared to the all postharvest
treatment, that showed an increase in TSS till end of the experiment. Data also
mentioned that, there was a significant interaction among all these studded
treatments during the two seasons in this research.

TABLE 8. Effect of postharvest treatments of 1-methylcyclopropene (1-MCP) and
gibberelic acid (GA;3) on changes in TSS (°Brix) of ‘Zibda’ mango fruits
during storage at 13°C plus 3 days shelf life at 22-28°C

Storage period (days)

Postharvest treatments

0 7 14 21 28 35 Means

Season 2014
Distilled water (control) 11.00 uvw 1240 r 1587 Im 21.77a 19.30 bc  17.17 hij 16.25 A
1ppm 1-MCP 10.73 vwx 12.13rs 1473 no 15971 17.80e-h 1927 bc 1511 B
1.5 ppm 1-MCP 10.47 wxy 11.87 rst 1450 op 15.30 mn 17.53 f-i 18.87 cd 14.76 C
50 ppm GAg 10.73 vwx 1213 rs 1493 no 1623 kl 1837 de 19.80b 1537 B
100 ppm GAs 10.70 vwx 12.10rs 1490 no 16.07 | 1810 ef 19.67b 1526 B

1ppm 1-MCP +50 ppm GAs 1023 xy ~ 11.63 stu 14.07 pg 15.00 no 17.40 g-j 18.00 efg 14.39 D
15ppm 1-MCP +50 ppm GAs 1010 xy ~ 11.50 stu 13.97 pq 1500 no 16.77 jk 17.37 g 1412 E
1ppm 1-MCP +100 ppm GAs 993 y 11.33 tuv 13.73q 14.83no 16.33 kI 17.27 hij 13.90 EF
1.5 ppm 1-MCP +100 ppm GA3 983 y 11.23 tuv 1367 q 1477 no 15971  16.87 ijk 13.72 F

Means 1041 F 1181 E 1449D 1610C 1751 B 1825 A

Season 2015
Distilled water (control) 1120 v 1260s 1557 mn 20.93a 1863 b  17.00 fj 1599 A
1ppm 1-MCP 10.37 wx 1177 tu 1440 pqg 16.27 kI  17.57 d-h 17.90 cde 14.71 C
1.5 ppm 1-MCP 10.37 wx 1177 tu 1437 pg 16.10 Im 17.40 e-h 17.73 def 14.62 C
50 ppm GA; 11.03 v 1243s 1477 op 16.90 h-k 17.70 d-g 18.47 bc 1522 B
100 ppm GA; 1083 vw 1223 st 1470 op 16.50 i-l 17.60 d-h 18.20 bed 15.01

B
1ppm 1-MCP + 50 ppm GAs 10,03 x 1143 wv 1427 pq 1550 mn 17.27 e-h 17.67 d-g 14.36 D
15ppm 1-MCP +50 ppm GAs 997 x 11.37 v 13.83 gr 1527 no 16.97 g-k 17.47 e-h 14.15 D
1ppm 1-MCP + 100 ppm GAs 990 x 11.30 uv 1357 r  14.97 nop 16.43 jk 17.17 e-i 13.89 E
1.5ppm 1-MCP +100 ppm GAs 9,73 x 1113 uv 13.30r  14.67 op 16.37 jkI 16.97 g-k 13.70 E
Means 10.38 F 1178 E 1431D 1635C 17.33B 17.62 A

Means followed by the same letters within postharvest treatments, storage periods and their
interactions in each season are not significantly different at level P < 0.05 according to DMRT.
The duration of the exposure to 1-MCP and GA; dipping were 24 hours and 10 minutes, respectively.
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Citric acid is a respiratory substrate and its consumption in respiration
increased with the progress of storage period, whereby could be used as an
organic substrate in the respiration process (Chandra et al., 1994 and Doreyappy-
Gowda & Huddar, 2001). The loss of fruit content in acidity was attributed to the
conversion of citric acid into sugars and their further utilization in metabolic
process of the fruit (Doreyappy-Gowda & Huddar, 2001 and Rathore et al.,
2007). They also added that, this might be responsible for the observed
decreasing in acidity and increment in TSS during storage.

TABLE 9. Effect of postharvest treatments of 1-methylcyclopropene (1-MCP) and
gibberelic acid (GAz) on changes in TA (g citric acid/100 ml juice) of
‘Zibda’ mango fruits during storage at 13°C plus 3 days shelf life at 22-
28°C

Storage period (days)

Postharvest treatments

0 7 14 21 28 35 Means
Season 2014
Distilled water (control) 155a 123b 091ef 066 jkl 053 o0op 052p 090 D
1ppm 1-MCP 158a 125b 10l1cd 082 gh 069 ijk 057 mp 099 BC
1.5 ppm 1-MCP 153a 120b 1.03cd 086 fg 0.68 i-l 062 k-n 099 C
50 ppm GAs 157a 124b 1.02cd 0.85 fg 0.65 j-m 0.56 nop 0.98 C
100 ppm GA3 157a 124b 10lcd 0.95 de 0.72 ij 0.63 k-n 102 AB

1ppm 1-MCP +50ppm GAs 1533 120b 1.02cd 091 ef 0.67 jkl 063 k-n 099 BC
15ppm1-MCP +50ppm GAs 1534  120b 1.07 ¢ 0.82 gh 067 jki 060 l-o 098 C
1ppm 1-MCP +100ppm GAs 1544 122b 1.06 ¢ 0.89 efy 072 ij 066 jkl 1.01 ABC
15ppm1-MCP +100ppm GAs 158 3  125b 1.03cd 097 de 076 hi 067 jkI 104 A

Means 155 A 122B 102C 0.86 D 0.68 E 060 F
Season 2015

Distilled water (control) 163c 130g 101 0.75 m 049 0 041 p 093C
1ppm 1-MCP 172b 140f 096ik 078 m 062 n 046 op 099 A
1.5 ppm 1-MCP 178a 146e 093 jk 0.77 m 061 n 0480 100 A
50 ppm GAg 154d 122h 097ij 0.84 | 062n 0500 095 BC
100 ppm GAs 166¢c 133g 096 ik 074 m 062n 0450p 096 B
1ppm1-MCP +50ppm GAs 1782 146e 091 k 0.77 m 059 n 0510 100 A
15ppm1-MCP +50ppm GAs 180 a 147e  0.93 jk 0.76 m 060 n 045 0p 100 A
1ppm1-MCP +100ppmGAs 180a 147e 093jk 077 m 059 n 049 0 101 A
15ppm1-MCP +100ppmGAs 178 a  146e 094jk 072 m 058 n 046 op 099 A

Means 172 A 139B 09C 077 D 059 E 047 F

Means followed by the same letters within postharvest treatments, storage periods and their
interactions in each season are not significantly different at level P < 0.05 according to DMRT.
The duration of the exposure to 1-MCP and GA; dipping were 24 hours and 10 minutes, respectively.

In addition, the loss of fruit content in AsA 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 (Smirnoff, 1996 and
Zumreoglu-Karan, 2006).
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The available results in this study were supported by the findings of Laamim
et al. (2005) on mandarins, Win et al. (2006) on limes and Abd El-Khalek (2012)
and El-Abbasy et al. (2013) on ‘Eureka’ lemon fruits. They mentioned that,
postharvest treatments of 1-MCP decreased loss of fruit content in TA as
compared to control during storage periods. Moreover, these results fall in line
with the findings of Wahdan et al. (2011) and Islam et al. (2013b) on mango
fruits. They claimed that, postharvest treatments of GA; maintained fruit content
of TA in comparison to untreated fruits (control) during storage period.

TABLE 10. Effect of postharvest treatments of 1-methylcyclopropene (1-MCP) and
gibberelic acid (GA3) on changes in TSS/TA ratio of ‘Zibda’ mango fruits
during storage at 13°C plus 3 days shelf life at 22-28°C

Storage period (days)

Postharvest treatments

0 7 14 21 28 35 Means

Season 2014
Distilled water (control) 712q 1020p 1751kl 3316 bc 3620 a 33.23 bc 22.90 A
1ppm 1-MCP 680q 970 p 1459 no 19581 25879 3383b 18.39B
1.5 ppm 1-MCP 686q 990 p 1405n0 17.90 jkI 2581 g 30.50 de 17.50 C
50 ppm GAg 686q 981 p 1474no 1915jk 2817 f 3565a 19.06 B
100 ppm GA; 683q 977 p 1475n0 16.95Im 25059 3148 cd 17.47 C
1ppm 1-MCP +50ppm GAs 672 q 973 p 138l no 16.60Im 2606 g 28.84 ef 16.96 C
15ppm1-MCP +50ppmGAs 660 q 957 p 13170 1829 jkI 2510g 28.88 ef 16.93 C
1ppm1-MCP +100ppm GAs 644q 933 p 13020 1671Im 2264 h 26409 1576D
15ppm1-MCP +100ppmGAs 623 q 898 p 13230 1527mn 2115hi 2538¢g 1504 E
Means 672F 967 E 1432D 1929C 2623 B 3047 A

Season 2015
Distilled water (control) 6.88ijk 970 hi 1544g 27.97e 3853 bc 4143 a 2333 A
1ppm 1-MCP 6.0l k 843 hk 1499g 2098f 2836e 39.01 abc 19.63 BC
1.5 ppm 1-MCP 582k 809 hk 15469 2098f 2872e 37.12cd 19.36 BCD
50 ppm GAg 715ijk 1023 h 1518 g 20.09f 2837 e 36.68 cd 19.62 BC
100 ppm GA3 654 jk 922 hij 15309 2241f 2841 e 40.24 ab 20.35B

1ppm1-MCP+50ppm GAs 563k  7.86 h-k 1570 g 2027 f 2915e 3449d 18.85CD
15ppm1-MCP +50 ppm GAs 554 k  7.72 h-k 1488 g 2016 f 2844 e 38.64 bc 19.23 CD
1ppm 1-MCP +100ppm GAs 550 k  7.67 h-k 1460 g 1953 f 27.87e 3525d 1840 D
15ppm 1-MCP +100ppm GAs 546 k  7.65 h-k 14.28 g 2028 f 2821 e 36.78 cd 18.78 CD
Means 606 F 851 E 1509D 2141C 2956 B 37.74 A

Means followed by the same letters within postharvest treatments, storage periods and their
interactions in each season are not significantly different at level P < 0.05 according to DMRT.
The duration of the exposure to 1-MCP and GA; dipping were 24 hours and 10 minutes, respectively.

Furthermore, these results are in line with the findings of Wahdan et al.
(2011), who reported that GA; postharvest treatment reduced the deterioration
rate of mango fruits content in AsA during storage. In addition, our results are in
agreement with the findings of Abdalnoor (2010), who demonstrated that 1-MCP
postharvest treatment decreased loss of banana fruits content in AsA during
storage.
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In addition, these results are in accordance with those illustrated by Abd EI-
Khalek (2012) and EIl-Abbasy et al. (2013). They mentioned that, postharvest
treatment of 1-MCP significantly slowed the increase of ‘Eureka’ lemons
contents of TSS and TSS/TA ratio as compared to control during storage.
Moreover, the obtained results are in agreement with those mentioned by Ahmed
& Singh (2000). They reported that, postharvest treatment of GA; significantly
delayed mango fruit content of TSS/TA ratio in comparison to untreated fruits
during storage.

Conclusion

Our results revealed that, postharvest application of ‘Zibda’ mangoe fruits
with exposed to 1-MCP for 24 hours or dipped in GA; solution for ten minutes
especially combined treatments before storage at 13°C alleviated decay
incidence, reduced weight loss percentage and increased marketable fruit
percentage. In addition, these applications constricted the variability of fruit
colour, decreased loss of fruit firmness and maintained the fruit quality for up to
5 weeks at 13°C and 85-90% RH followed by three days at room conditions (22-
28°C and 60-75% RH).
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