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Abstract

Mango (Mangifera indica L.) is the 24 major fruit crop of Pakistan and has
a short shelf life after ripening. Salicylic acid is naturally synthesized in
plants and play important role to activate the defense system against
pathogens and reduce the decay of fruits. This study was conducted to
evaluate the pre and postharvest application of salicylic acid on storage
life and quality of mango cultivar 'Kensington Pride'. Fruits were
harvested at full mature stage (shoulder development) and treated with
CaC> (2g) to initiate the ripening process. After four days of treatment
partially ripened fruits were immersed in four concentrations of salicylic
acid (0, 8, 12 and 16 mM) for 5 minutes. Fruits were stored at 12°C for 15
days. The results showed that fruit weight loss significantly reduced in
all treated fruits as compared to control. It was also observed that SA 16
mM showed minimum reduction in TSS, vitamin C, reducing, non-
reducing, total sugars, total antioxidants, total phenolic and total
flavonoids. Our research proposed that pre and postharvest treatment of
SA 16 mM can be used to reduce the postharvest storage losses of mango
and also maintained the quality of mango during shelf life.

INTRODUCTION

Mango (Mangifera indica L.) is a vital fruit of sub-tropical and tropical areas of the
world and is grown in more than 100 countries (Sauco, 1997). It has been cultivated in
Burma and Eastern India for more than 4000 years (Singh, 1960). Mango belongs to class
Dicotyledonae, subclass Archichlamydeae, order Sapindales and family Anacardiaceae
(Fernald, 1950). Mango is a commercial fruit crop in many countries such as South-East
Asia, including India, Pakistan, Philippines, Indonesia, Malaysia, Thailand and Burma.
Mango is also known as king of fruits and it is one of the choicest fruit crops of the world
(Singh and Rajan, 2009).

It has been a main fruit due to its specific climatic requirements, however, its
pleasant taste, distinctive flavor with high nutritive value has made it equally popular
and its demand is arising quickly in the world. Mango is one of the leading fruit crops of
Asia and presently occupies 5th place regarding world in total production among the
main fruits, after Musa species (Bananas), Citrus species (citrus), Vitis spp. (grapes) and
Pyrus malts (apple) (Anonymous, 2005). Although, mango is grown between 30° latitude
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North and South in almost all tropical and sub-tropical parts of the world except Spain,
France and Portugal (Abourayya, 2011), but commercial production is limited to only a
few countries.

The family Anacardiaceae contains 400 species and 60 genera, most of the species
are in the tropics but some of them are in the temperate zone in both western and eastern
hemispheres (Bailey, 1949). Since the establishment of this genus, a large number of
species have been recorded and at present there are 41 species (Mukherjee, 1951). Out of
them only 13 species bear edible fruit of inferior quality out (Gangolly et al., 1957).
Anacardiaceous species also produce other valuable products like gums, wood, wax,
resins, etc. and is well recognized for the dermal irritation produced by some of its
members such as Oaks (Rphus spp.) and toxic Ivies etc. (Bompart and Schnell, 1997).

Mango (Mangifera indica L) cultivar ‘Kensington pride” fruits were sprayed at the
concentration of 100 mg/L with Salicylic Acid to reduce the Anthracnose disease
(Colletotrichum gloeosporioides). Postharvest treatment of SA at the concentration of 200 mg
L1 was applied in second season of fruiting to control the Anthracnose disease. But high
dose of SA at the concentration of 200 mg L, reduce the Anthracnose disease in second
season and changes of fruit skin color and firmness also reduce significantly (Zainuri et
al., 2001). The dose of SA 100 mg L reduced the Anthracnose disease significantly when
sprayed on mango inflorescence. They had explained no inhibitory effects of SA on spore
germination and colony growth. It is concluded that SA induces the resistant against the
Anthracnose disease (Colletotrichum gloeosporioides) in Mango fruits (Jianliang et al., 2003).
This study is focused to investigate the pre- and postharvest effects of SA on the shelf life
and quality of mango cultivar ‘Kingston’.

MATERIALS AND METHODS

The proposed study was conducted at Experimental Fruit Orchard Square No.
32, Institute of Horticultural Sciences, University of Agriculture, Faisalabad, Pakistan.
The cultivar of mango ‘Kingston” with twelve plants was selected and tagged. Similar
cultural practices i.e. fertilizers, irrigation and plant protection measures were carried out
during the research. Two preharvest sprays (30 and 15 days before harvesting) of
salicylic acid were applied on all the selected plants. Fruits were harvested at full mature
stage (shoulder development) and treated with calcium carbide to initiate the ripening
process. After 4 days of CaC, treatment fruits were dipped for 5 min in different
concentration of SA then stored for 15 days at 12°C in Postharvest Research Centre,
AAR]I, Faisalabad. There were four treatments each with three replications.

Experiment was laid out according to RCBD design with four treatments and
three replications. Treatments were To = Control, T1 = 8.0 mM salicylic acid, T> = 12 mM
salicylic acid and Ts = 16 mM salicylic acid. Data was analyzed under LSD at 5% level of
probability after ANOVA by using MSTAT-C software (Steel et al., 1997). To determine
fruit weight, fruits (n=10) were randomly selected from each treatment unit. These fruits
were weighted as fresh and at 15 days interval during the storage period and weight was
calculated using the following formula.

Fruit weight loss (%) = Original fruit weight- final fruit weight after storage x 100
Average fruit weight
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Digital refractometer (Atago Japan PAL-1) was used for determination of total
soluble solids. Ascorbic acid in the mango pulp was determined using method reported
by Ruck (1969). Method given by Hortwitz (1960) was used to determine the sugar
contents (reducing, non-reducing and total sugars) in mango fruits. The mango fruit pulp
was assessed by measuring their scavenging abilities to 2, 2-diphenyl-1-picrylhydrazyl
stable radicals used by (Lalel et al., 2003). Flavonoids were determined by the method of
Kim et al. (2003). Total phenolic contents were calculated by using Folin-Ciocalteu
reagent method as reported by Ainsworth and Gillespie, (2000).

RESULTS AND DISCUSSION
Total Soluble Solids (°Brix)

The analyzed data presented in figure 1 showed statistically significant
differences at p<0.05 regarding the effects of treatments and storage periods while
interaction between them was found non-significant for total soluble solids in the fruits.
The fruits those were sprayed with salicylic acid @ 16 mM showed higher TSS of
12.40°Brix as compared to the fruits of other treatments. While minimum TSS of
10.49°Brix was recorded in the fruits of T: (control). The fruits those were analyzed after
15 days of storage showed higher TSS value of 12.86°Brix than the fruits those were
analyzed after 10 and 5 days of storage where TSS values were 12.07 and 11.35°Brix,
respectively. While lower TSS of 8.97°Brix was noted in the fruits analyzed at 0 days of
storage. The results are in line two year’s study, SSC in strawberry fruits, were increased
when plants were sprayed with SA than control (Karlidag et al., 2009).
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Figure 1: Pre- and postharvest effects of salicylic acid on fruit TSS (°Brix) of mango cv.
Kingston during storage at 12°C+S.E.

Vitamin C (mg/100 g)

The analyzed data presented in figure 2 showed statistically significant
differences at p<0.05 regarding the effects of treatments, storage periods and their
interaction on vitamin C contents in the fruits. The fruits those were sprayed with
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salicylic acid @ 16 mM showed higher vitamin C of 37.37 mg/100 g as compared to the
fruits of other treatments. While minimum vitamin C of 32.12 mg/100 g was recorded in
the fruits of T; (control). The fruits those were analyzed after 15 days of storage showed
lower vitamin C value of 25.21 mg/100 g than the fruits those were analyzed after 10 and
5 days of storage where vitamin C values were 29.86 and 38.51 mg/100 g, respectively.
While higher vitamin C of 44.53 mg/100 g was noted in the fruits those were analyzed at
0 days of storage. These findings are very much in accordance with results of Akhtar et
al. (2010) those reported that Vitamin C in loquat fruits was reduced constantly to a great
extent for ten weeks storage period.
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Figure 2: Pre- and postharvest effects of salicylic acid on vitamin C (mg/100 g) of mango
cv. Kingston during storage at 12°C+S.E.

Total Sugars (%)

Statistically significant results were found at p<0.05 regarding the effects of
treatments, storage periods and their interaction on total sugar content (Figure 3). Higher
total sugar contents of 23.32% were noted in the fruits of T4 while lower total sugar
contents of 19.46% were recorded in the fruits of T; (control). The fruits those were
analyzed after 15 days of storage showed higher total sugar contents of 23.34% as
compared to the fruits those were analyzed after 10 and 5 days of storage where total
sugar contents were 22.51 and 21.21%, respectively. While lower value of total sugar
contents of 17.65% was recorded in the fruits those were analyzed at 0 days of storage.
The results are in line with King et al., 1995.

Reducing Sugars (%)

The analyzed data presented in Figure 4 showed statistically significant results at
p <0.05 regarding the effects of treatments and storage periods while interaction between
them was found non-significant for reducing sugar contents (Figure 4). Higher reducing
sugar contents of 8.40% were noted in the fruits of T4 while lower reducing sugar
contents of 7.99% were recorded in the fruits of T; (control). The fruits those were
analyzed after 15 days of storage showed higher reducing sugar contents of 8.42% as
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compared to the fruits those were analyzed after 10 and 5 days of storage where total
sugar contents were 8.27 and 8.11%, respectively. While lower value of reducing sugar
contents of 7.86% was recorded in the fruits those were analyzed at 0 days of storage. The
reason was same as described in total sugar.
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Figure 3: Pre- and postharvest effects of salicylic acid on total sugar contents (%) of
mango cv. Kingston during storage at 12°C+S.E.
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Figure 4: Pre- and postharvest effects of salicylic acid on reducing sugar contents (%) of
mango cv. Kingston during storage at 12°C+S.E.
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Non-Reducing Sugars (%)

Statistically significant results were found at p<0.05 regarding the effects of
treatments, storage periods and their interaction on non-reducing sugar contents (Figure
5). Higher non-reducing sugar contents of 14.92% were noted in the fruits of T4 while
lower non-reducing sugar contents of 11.47% were recorded in the fruits of T:1 (control).
The fruits those were analyzed after 15 days of storage showed higher non-reducing
sugar contents of 14.92% as compared to the fruits those were analyzed after 10 and 5
days of storage where non-reducing sugar contents were 14.24 and 13.09%, respectively.
While lower value of non-reducing sugar contents of 9.79% was recorded in the fruits
those were analyzed at 0 days of storage. The reason was same as described in total
sugar.
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Figure 5: Pre- and postharvest effects of salicylic acid on non-reducing sugar contents (%)
of mango cv. Kingston during storage at 12°C+S.E.

Total Antioxidants (% DPPH)

The analyzed data presented in Figure 6 showed statistically significant
differences at p<0.05 regarding the effects of treatments, storage periods and their
interaction on total antioxidants. Higher total antioxidants of 56.22 %DPPH were noted
in the fruits of T4 while lower total antioxidants of 46.49 %DPPH were recorded in the
fruits of T1 (control). The fruits those were analyzed after 15 days of storage showed
higher total antioxidants of 57.06 %DPPH as compared to the fruits those were analyzed
after 10 and 5 days of storage where total antioxidants were 52.33 and 49.19 %DPPH,
respectively. While lower value of total antioxidants of 44.68 %DPPH was recorded in the
fruits those were analyzed at 0 days of storage.There is also evident that exogenously
applied SA with suitable dose enhanced the efficiency of antioxidant system in plants
(Hayat et al., 2010).
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Figure 6: Pre- and postharvest effects of salicylic acid on total antioxidants (% DPPH) of
mango cv. Kingston during storage at 12°C+S.E.
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Figure 7: Pre- and postharvest effects of salicylic acid on total phenolic contents (mg
GAE/100 g) of mango cv. Kingston during storage at 12°C+S.E.

Total Phenolic Contents (mg GAE/100 g)

The analyzed data presented in figure 7 showed statistically significant
differences at p=<0.05 regarding the effects of treatments, storage periods and their
interaction on total phenolic contents. Higher total phenolic contents of 15.85 mg
GAE/100 g were noted in the fruits of T4 while lower total phenolic contents of 13.7 mg
GAE/100 g were recorded in the fruits of T; (control). The fruits those were analyzed
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after 15 days of storage showed higher total phenolic contents of 16.15 mg GAE/100 g as
compared to the fruits those were analyzed after 10 and 5 days of storage where total
phenolic contents were 15.00 and 14.45 mg GAE/100 g, respectively. While lower value
of total phenolic contents of 13.29 mg GAE/100 g was recorded in the fruits those were
analyzed at 0 days of storage. In our study the increase in phenolics are in line with Yao
and Tian (2005) who demonstrated that SA stimulates phenylalanine ammonia lyase
activity with consequent production of the main phenolic compounds and the synthesis
of new polyphenolic substances in sweet cherry fruit.

Total Flavonoids Contents (mg CEQ/100 g)

Statistically significant differences were found at p <0.05 regarding the effects of
treatments, storage periods and their interaction on total flavonoids contents of Kingston
(Figure 8). Higher total flavonoids contents of 43.03 mg CEQ/100 g were noted in the
fruits of T4 while lower total flavonoids contents of 39.13 mg CEQ/100 g were recorded
in the fruits of T1 (control). The fruits those were analyzed after 15 days of storage
showed higher total flavonoids contents of 43.23 mg CEQ/100 g as compared to the fruits
those were analyzed after 10 and 5 days of storage where total flavonoids contents were
41.43 and 40.29 mg CEQ/100 g, respectively. While lower value of total flavonoids
contents of 38.48 mg CEQ/100 g was recorded in the fruits those were analyzed at 0 days
of storage. The results are in line with Wei et al., 2011.
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Figure 8: Pre- and postharvest effects of salicylic acid on total phenolic contents (mg
CEQ/100 g) of mango cv. Kingston during storage at 12°C+S.E.

Fruit Weight Loss (%)

The analyzed data presented in figure 9 showed statistically significant
differences at p<0.05 regarding the effects of treatments, storage periods and their
interaction on fruit weight loss. Minimum fruit weight loss of 3.83% was noted in the
fruits of T4 while maximum fruit weight loss of 7.83% was recorded in the fruits of T
(control). The fruits those were analyzed after 15 days of storage showed greater fruit
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weight loss of 11.25% as compared to the fruits those were analyzed after 10 and 5 days
of storage where weight loss were 6.58 and 3.91%, respectively. While the fruits those
were analyzed at 0 days of storage showed 0% fruit weight loss. These results are in
agreement with those of Wang et al. (2006) in peaches and of Sayyari et al. (2009) in
pomegranates where the higher concentrations of SA was more effective than lower ones
to control the weight loss, chilling injury and fruit decay under storage as compared to
control treatments.
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Figure 9: Pre- and postharvest effects of salicylic acid on fruit weight loss (%) of mango
cv. Kingston during storage at 12°C+S.E.

CONCLUSION

Overall results indicate that cultivars of mango “Kingston” remained in better
conditions after 15 days of storage at 12°C so It is concluded that SA @ 16 mM can be
used to maintain the quality of fruit during storage. In future investigations, there is need
to study the weekly and day to day changes under storage.
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