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Hexanal effects on mango quality
Introduction

Mango (Mangifera indica Linn.), a widely acclaimed fruit
of India, is known for its delicious taste, excellent flavor and rich
nutritional content, especially vitamins A and C. Mango
currently ranks fifth in total production among major fruit crops
worldwide (National Horticultural Board, 2016), with India
ranking first in mango production. Mango is a climacteric fruit,
hence easily perishable and highly vulnerable to post-harvest
diseases and damage during transit etc. Several factors, such
as cultivar, stage of maturity, harvesting methods, size grading,
handling, packaging and mode of transport affect the storability
of mango fruits. The internal factors like respiratory processes,
ethylene evolution, enzymatic starch hydrolysis and other
carbohydrate hydrolases leads to cell wall softening and
subsequent post-harvest deterioration in fruits (Akamine and
Goo, 1973). Thus, technologies to enhance mango post-
harvest life and market distribution is receiving huge attention of
late, as there is a huge demand for domestic consumption as
well as export trade.

Many new technologies have been developed and
standardized for extending the shelf life of mango fruits including
application of chemicals (Babalar et al., 2007; Sharma et al.,
2009) growth regulators (Reddy et al., 2016), hot water treatment,
wax treatment and refrigerated storage (Bretch and Yahia,
2009). Inaddition, a new formulation based on hexanal has been
found to enhance the shelf life of many fruit crops viz., apple,
pears, peach, grapes, sweet cherries, guava, mango and
strawberry (Corbo et al., 2000; Spotts et al., 2007; Paliyath and
Murr, 2008). Hexanal is a naturally occurring six carbon aldehyde
compound produced in the lipoxygenase pathway and released
from plants during tissue damage. Itis an important precursor for
the formation of six carbon alcohols and esters, with an important
role in extending fruit freshness by inhibiting the enzyme
phospholipase-D (Brown et al., 1990; Jandus et al., 1997).
Several studies have been carried out in enhancing the shelf life
and post-harvest quality of temperate fruits.

In the view of above, an attempt was made to investigate
the action of hexanal formulations on post-harvest behaviour in
two mango cultivars.

Materials and Methods

Experimental fields and biological materials : The experiment
was conducted in mango orchards in Krishnagiri district of Tamil
Nadu subsequently for three seasons. Healthy and uniform sized
10-15 year old mango trees of promising cultivars Banganapalli
and Alphonso were selected and sprayed with 2% hexanal
formulation as applied twice (15" and 30" day before harvest) and
trees with no spray were considered as control. Approximately, 15
| of spray fluid was required to completely drench the crown
region. The harvested fruits were transported to Tamil Nadu
Agricultural University, Coimbatore under refrigerated wagon with
13+2°C and sorted for uniform size. Pre-harvest sprayed fruits
were divided into two sets for dipping treatment with 2% hexanal
formulation for 2 min and no dip. Similarly, two sets of control
fruits, with 2% hexanal formulation dip for 2 min. and no dip were
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stored at room temperature (temperature - 25£2°C, RH - 55£3%)
and cold storage (temperature - 13°C, RH - 90+3%) for further
post-harvest quality analysis.

Observation recorded : Samples were periodically drawn from
ambientand cold storage at the rate of six fruits for each treatment
and the mean value arrived for each of the following parameters.

Physiological parameters : Firmness of the fruit was measured at
three different stage (proximal, distal and middle portion) according
to Jha et al. (2013) by measuring the force required to puncture the
fruit using penetrometer (FG 5000a, Taiwan) and the mean force
was expressed in Newton. The shelf life of mango recorded by
observing the number of days taken from the first day of storage
until it reached the stage, wherein the fruit becomes unfit to
consume.

Physiological loss in weight (PLW) was calculated as
[Initial weight-Final weight/Initial weight] x 100.The ethylene
evolution rate and respiration rate of mango fruits were measured
using the static headspace technique as described by Singh and
Rao (2005). Ethylene evolution rate was calculated under both
ambient and cold storage conditions using ethylene analyzer
(Range : 0-100 ppm Ethylene; Resolution: 0.1 ppm; Temperature
range: 0-35°C; Pump Flow : Typically 0.8 | min"; Make:
Bioconservacion, Spain). The respiration rate of treated and
untreated mango fruits of known volume was measured using
auto gas analyzer (Model : PBI Dansensor, checkpoint, CO,/O,
gas analyser, Denmark).

Biochemical parameters : Estimation of total soluble solids
(TSS) was determined using a digital refractometer (PAL 3, Atago
Ltd., Japan) at 25°C temperature and it was expressed in degree
Brix (°Brix). Total sugars present in mango fruits was estimated
using Anthrone reagent (Hedge and Hofreiter, 1962). Ascorbic
acid was estimated according to AOAC (1990) and expressed as
mg 100 g™ of pulp. One gram of fruit pulp was used to estimate the
carotenoid content (Jensen, 1978) and expressed as mg g” of
pulp. Total flavonoid content was estimated by the method of
Zhishen et al. (1999) and expressed as milligrams of catechin
equivalents 100 g pulp. Total antioxidant activity was estimated
by the method of Prieto et al. (1999) and expressed in mg
ascorbic acid equivalence 100 g pulp.

The activity of antioxidant enzymes peroxidase (POX)
(Mallik and Singh, 1980) and catalase (CAT) (Luck, 1974), and
fruit softening enzymes pectin methylesterase (PME) (Hagerman
and Austin, 1986) and polygalacturonase (PG) (Zainon and
Brady, 1982) were also determined.

Statistical analysis : Effect of treatments on the observed
parameters were analysed in a completely randomized block
design at5% significance level using AGRESS software.

Results and Discussion

Hexanal formulation enhanced the shelf life of mango
fruits (Fig.1A) by maintaining the fruit firmness (Fig.1B).
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Application of higher dose of hexanal enhanced the shelf life to
about 8-9 days under ambient and 18-20 days under cold
storage. However, control fruits could be stored upto 5 days in
ambient and 12 days under cold condition across the cultivars.
The force required to pierce fruits, so called fruit firmness were
determined by the water content and moisture retention capacity
of tissues. During ripening, the soluble enzyme phospolipase-D
(PLD) involved in breaking the hydrogen double bond between
calcium molecules and dissociated calcium molecules was
replaced by PLD, thereby initiating membrane degradation and
firmness loss. Hexanal is an effective action inhibitor of PLD
associated with cell membrane and preserves the cell membrane
integrity after harvest (Paliyath and Murr, 2008). In fruit firmness,
significant difference was observed among the treatments
regardless of cultivars. Higher dose of hexanal maintained the
mean fruit firmness upto 35 % in cv. Banganapalli and 45 % in cv.
Alphonso irrespective of storage conditions. Similar to this
experimental results, hexanal increased the post-harvest
longevity of mango (Anusuya et al., 2016; Jincy et al., 2017)
apple, pear and strawberry (Paliyath and Subramanian, 2008),
tomato (Oke et al., 2003; Pinhero et al., 2003) and sweet cherry
(Sharma et al., 2010). Between the cultivars studied, the shelf life
of cv. Alphonso was found to be little more than cv. Banganapalli.
According to Gunjate et al. (1982) cv. Alphonso has inherited to
release high levels of hexanal and hexanol.

The physiological loss in weight of harvested fruits and
vegetables is a major cause of quality and economic loss and
limits the storage life. The percentage of physiological weight loss
varies with physical and morphological characters viz., skin
thickness, epicuticular wax and epidermis cells of a genotype,
pre- and post-harvest practices and storage atmosphere (Nunes
et al, 2007; Bretch and Yahia, 2009). Retention of substantial
amount of moisture content is essential to maintain cell shape,
internal turgor pressure of the cell and to regulate bio-enzymatic
pathway (Lownds et al., 1993). Regardless of mango cultivars,
storage conditions and treatments, PLW was observed to vary
throughout the storage period (Fig. 1C). The drastic PLW was
observed in ambient storage (20%) than cold storage condition
(5%). The spray and dip treatment of hexanal increased the
physiological weight retention percentage of mango fruits upto 93-
94% invariable to cultivars and storage conditions. The
physiological weight retention was significant when spray and dip
treated fruits were stored under cold condition.

In mango, ethylene production was accelerated after
being detached from mother plant due to release of anti-ethylene
substance from mother plant that inhibited the ripening activity
(Burg and Burg, 1965). The evolution rate of ethylene in mango
fruits was considerably increased after harvest, regardless to
cultivars and storage conditions (Fig. 1D). The spray and dip
treatment of hexanal drastically reduced the ethylene evolution
rate under ambient and cold storage condition. Nearly, three
times reduction in ethylene evolution rate was recorded in cold
stored spray and dip treated fruits (9.26 pl C,H, kg hr") than
ambient stored control fruits (3.50 pl C,H, kg™ hr"). Similar trend
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was also observed with respect to respiration rate under ambient
and cold storage conditions. Three fold deductions in respiration
rate was recorded in higher dose hexanal treated fruits under cold
storage (19.37 mg CO, kg hr') than ambient control fruits (58.64
mg CO, kg™ hr") across the cultivars. Hexanal is a green volatile
phytocompound that tends to increase the green flavor in fruits
and vegetables (Schade et al., 2003; Gigot et al., 2010). While
fruit ripening, concentration of ethylene increases and hexanal
decreases. Hexanal delays ripening and extends the green flavor
emission in mango fruits. Hence, spray and spray dip hexanal
formulation treated mango fruits gradually emitted hexanal and
enhance the shelf life. With response to increasing ethylene
evolution rate, the respiration rate also increased (Fig. 1E).
Hexanal preserves the membrane integrity and fatty acids that
contributed to flavor profile of fruits. Application of higher dose
hexanal formulation before acceleration of membrane detoriation
combined with cold storage had best effect on reducing the
respiration rate in mango fruits. The lower ethylene evolution rate
and respiration rate indicated the slowdown in ripening process.
Exogenous application of hexanal application before and after
harvest, reduces the lipoxegenase activity in mango fruit peel and
would have assisted in delaying fruit ripening and lower PLW. The
effect of hexanal on other vegetables and fruits were obtained for
similarresults (Spotts et al., 2007; Anusuya et al., 2016).

Biochemical quality parameters such as TSS, total
sugars, ascorbic acid and colour development are some of
characteristics that decide the desirability of mango fruits.
Increase in soluble solids and hydrolysis of starch, present in
the chloroplast to simple sugar units, are important
compositional changes that takes place during fruit ripening
(Singh et al., 2012; Hossain et al, 2014). Invariable to
concentration, hexanal had a synergistic effect on TSS and total
sugars of mango fruits at the end of storage period (Table 1.).
Application of hexanal formulation twice or thrice, showed
significant increase in total sugars compared to control fruits in
both the cultivars. But, similar trend was not observed in TSS
with respect to hexanal application. Breakdown of stored
carbohydrates is an important catalytic activity in improving the
quality of fruits. In hexanal treated fruits, prominence of starch
granules could be observed in between the parenchyma cells in
pulp which is indicative of delay in the ripening process as
against the absence of such starch granules in control fruits. It
is possible that the starch were acted upon by amylase enzyme,
the activity of which corresponds to ripening stage. In studies by
Lima et al. (2001), the climacteric raising in mango fruit is marked
by an appreciable increase in the activity of amylase, reducing
and non-reducing sugars contents and decrease in the starch
content. Hexanal application may slow down the activity of
amylase and improve the total sugars by gradual degradation of
starch granules, thinning of parenchyma tissue and maintained
the structural integrity during storage (Fig .2).

During fruit ripening process, degradation of chlorophyll
and synthesis of carotenoids or xanthophylls takes place
simultaneously. The quantity of carotenoids in mango fruits will
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determine its colour and combat free radical produced by human
body by various physiological processes (Graf et al., 2005; Huang
et al., 2005). Carotenoids and flavonoids are major secondary
metabolites produced during biochemical pathway. A non linear
rise in total carotenoid and total falvonoid content was observed
with respect to hexanal concentration (Table 1). Though, positive

significance had been observed in hexanal application with
respect to carotenoids and flavonoids in cv. Banganapalli, similar
trend was not observed in cv. Alphonso. The ambient and cold
storage effect were not consistent with respect to total carotenoid
and total flavonoid. Hexanal acts on polyphenols substance like
lignin in cell wall which is a strong antioxidant, conjugates with
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Fig. 1(b): Influence of hexanal formulation on shelf life ethylene evolution rate (D) and respiration rate (E) of mango cultivars under ambient and

cold storage condition.

secondary metabolites and provides protection against disease or
pest attack (Scalbert et al., 2005). Increase in sugars, carotenoids
and flavonoids due to pre- and post-harvest hexanal application on
tomato (Cheema et al., 2014), guava (Gill et al., 2016) and mango
(Anusuyaetal., 2016) has been reported previously.

Fruit ripening is a sequential oxidative phenomenon that
needs a turnover of active oxygen species like hydrogen peroxide
and superoxide anion to protect the lipid membrane, nucleic acids
and proteins against oxidative injury caused by reactive oxygen
species (ROS) (Jimenez et al., 2001). Free radicals and ROS are
generated at the end of electron transporting chain during
respiration in fruits (Masibo and He, 2008). Ascorbic acid is an
important substrate for respiration, bioactive metabolite and a
dietary antioxidant for human. In order to scavenge the generated

ROS like superoxide anion radical, hydroxyl radical and
hydrogen peroxide, upholding the enzymatic system through
oxygen consumption or exogenous supply of antioxidant is
essential (Ma et al., 2011). Hexanal formulation, slow down the
depletion of ascorbic acid significantly by reducing the respiration
rate (Table 1). Increasing concentration of hexanal formulation
positively reduced the depletion rate of ascorbic acid. Higher
dose of hexanal formulation significantly altered the ascorbic acid
under ambient and cold storage condition. Spray and spray
combined with dip treatment of hexanal increased the ascorbic
acid content upto 0.44 to 0.77 mg 100 g" of pulp in cv.
Banganapalli and 0.69 to 1.10 mg 100 g of pulp in cv. Alphonoso
regardless to storage conditions. Ascorbic acid is a potent
antioxidant against oxidation-reduction and increases the total
antioxidant activity (Periago et al., 2009). However, hexanal
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Fig. 2 : Scanning electron micrographs depicting starch hydrolysis in the control (A, C) and hexanal treated (B, D) mango fruits of cv. Banganapalli
and Alphonso, after a week storage. S — Starch granules; TP — Thick parenchyma; tP — Thin parenchyma
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Fig. 3 : Influence of hexanal formulation on total antioxidant activity of mango cultivars under ambient (A) and cold storage condition (B).
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formulation showed effect on total antioxidant activity regardless
to storage conditions and cultivars (Fig. 3A,B). It acts on phenolic
compounds and temporarily ceases the substrate supply for
polyphenoloxidase activity (Lanciotti et al., 2004). Higher
respiration rate reduces the ascorbic acid and total antioxidant
activity in fruits and vegetables. Hexanal showed promising results
in reducing the respiration rate and there by less depletion of
ascorbic acid and higher activity of antioxidant. The results on
ascorbic acid and antioxidant properties obtained by researchers
on various crops are similar to the results stated that ethylene
inhibitors and Phospholipase-D inhibitor might cease the
synthesis of Vit.-C precursor and promote the accumulation of
active oxygen species during the initial days of storage (Anusuya
etal.,2016; Reddy etal., 2016).

Right from detachment from mother tree, harvested
fruits undergo several stress conditions i.e., heat and cold injury
due to eratic temperature, tissue damage and infection by
pathogens. Catalase (CAT) and Peroxidase (POX) are
enzymatic antioxidants provides protection against various
stress conditions and thereby extend the shelf life (Cano et al.,
1995; Martinez-Tellez and Lafuente, 1997). Hexanal formulation
appropriately reduced the action of CAT and POX (Table 2),
because it slowdown the progress of senescence by maintaining
cellmembrane integrity. Application of hexanal formulation twice
orthrice significantly reduces the mean POX activity from 1.12 to
0.69 units mg”" protein min” across cultivars and storage
conditions. Similarly, the mean CAT activity was reduced from
0.90t0 0.45 units mg™ protein min™ with the help of higher dose of
hexanal application invariable to storage conditions. Hence,
hexanal formulation influenced the role of non-enzymatic
antioxidants i.e., ascorbic acid, total carotenoids, total flavonoids
and antioxidant enzymes i.e., CAT and POX on scavenging the
free radicals. The detailed study on antioxidant enzyme activity of
mango fruits due to hexanal application were similarwith the result
obtained in this experiment (Saxena et al., 2014; Jincy et al.,
2017).

The major textural changes resulting in softening of the
fruits are due to enzyme mediated alteration in the structure and
composition of cell wall, partial or complete solubilization of cell
wall polysaccharides i.e., pectins and celluloses (Tucker and
Grierson, 1987). Polygalacturanase along with pectin
methylesterase promotes cell wall disintegration which could
lead to higher moisture and physiological weight loss. Hexanal
formulation applied as spray, spray and dip had a greater
influence in reducing the action of PME and PG (Table 2).
Nearly, two fold decrease in mean PME activity (reduced from
7.00 to 3.50 units mg” protein min™) and mean PG activity (units
mg” protein min”) was noticed in hexanal formulation treated
fruits. When hexanal treated mango fruits stored under cold
and ambient condition, the reduced activity was recorded by
Anusuya et al. (2016) with respect to fruit softening enzyme.
The results of the study conclude that pre and post-harvest
application of hexanal treatments coupled with cold storage
offers a significant potential in reducing the post-harvest losses
and increase the shelflife.
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