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ABSTRACT
Post-harvest loss negatively impacts food security, nutrition and
economic stability of farmers, exporters, traders and consumers.
Experiments were conducted to assess the effects of post-harvest
techniques on the shelf life of Apple and Palmer mango cultivars
under different storage conditions. Post-harvest losses of these
fruit along the supply chain were also evaluated. A two-factors
factorial experiment with six replications was used for each culti-
var. Post-harvest techniques included dipping of fruit in hexanal
solution (0.02% v/v), calcium chloride solution (2% w/v), smoke
treatments and untreated fruit. The fruit were then stored at two
different storage conditions namely: ambient temperature
(28 ± 2°C) and cold storage (18 ± 2°C). Shelf life data was analyzed
by using R-software. Mean separation was done by using Tukey
Honestly Significant Difference at (p ≤ 0.05). Results showed that
the major sites of post-harvest losses were at harvest, transport,
wholesale and retail stages of supply chain. Furthermore, post-
harvest treatments of fruit with hexanal and calcium chloride
significantly increased shelf life and reduced disease incidences
compared to untreated control and smoke-treated fruit. Cold
storage significantly increased shelf life of mango fruit compared
to ambient storage. Therefore, hexanal, calcium chloride and cold
storage are recommended to extend fruit shelf life, maintain fruit
firmness and to reduce disease incidences in mango fruit.

KEYWORDS
Post-harvest loss; supply
chain; shelf life; hexanal;
smoke; calcium chloride

Introduction

Mango (Mangifera indica L.) is among the major fruit produced and consumed
in Tanzania. The export potential and international trade of mango is limited by
several factors such as its perishable nature, diseases (Singh et al., 2013) and
insects infestations. Post-harvest loss refers to measurable quantitative and
qualitative food loss in the post-harvest system (Kiaya, 2014). Post-harvest losses

CONTACT Anna Baltazari annabaltazari@yahoo.com Department of Crop Science and Horticulture,
Sokoine University of Agriculture, P.O Box 3005, Morogoro, Tanzania
Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/wsfr.

INTERNATIONAL JOURNAL OF FRUIT SCIENCE
2020, VOL. 20, NO. 4, 855–870
https://doi.org/10.1080/15538362.2019.1697411

© 2019 Taylor & Francis

http://orcid.org/0000-0003-1194-7999
http://www.tandfonline.com/wsfr
https://crossmark.crossref.org/dialog/?doi=10.1080/15538362.2019.1697411&domain=pdf&date_stamp=2020-08-31


in developing countries are very high. Msogoya and Kimaro (2011) recorded
losses of 48–60% in fresh mango in Tanzania. Reduction of post-harvest losses
and quality deterioration are essential in order to increase food availability from
existing production (Kasso and Bekele, 2018).

Tanzanian traders normally buy fruit at farm gate for sell to local and
international markets. However there are no specialized facilities for storage,
treatment or transport. Losses are incurred at harvest, packing, transport, and
while at wholesale and retail markets. Additional losses are suffered due to
unforeseen delays at customs, offloading points or due to trucks breakdown.
These necessitate the need to extend the shelf life of fruit to prevent further
losses.

Smoke is commonly used by smallholder Tanzanian farmers to hasten
fruit ripening (Baltazari et al., 2018). However, there is insufficient informa-
tion on the effects of smoke on internal and external quality parameters and
shelf life of mango fruit. Post-harvest fruit treatment using hexanal enhance
freshness and shelf life of fruit such as apple, sweet cherry, peaches, mango,
guava, banana and strawberry (Paliyath et al., 2008). Hexanal treatment
significantly delay ripening and senescence of fruit and extended fruit shelf
life (Paliyath and Droillard, 1992). Hexanal application has been reported to
improve post-harvest fruit quality of guava, plum, grapes, sweet cherries,
papaya, apples, pears, peaches, mango and strawberries (Paliyath, 2011;
Paliyath et al., 2008) in India and Canada. However, post-harvest hexanal
application has been tested in limited geographies, and in fruit cultivars from
India and Canada (Paliyath et al., 2008). There is therefore no information
on effects of hexanal on shelf life of fruit species and cultivars grown in the
African tropics and specifically in Tanzania. Moreover, post-harvest techni-
ques used by Tanzanian farmers are not well evaluated and documented.
Mango is a climacteric fruit with export potential, its response to hexanal
treatment for delayed ripening will be of interest to growers and exporters
(Jincy et al., 2017).

Calcium chloride is another compound used for post-harvest treatment of
fruit. Mishra (2002) reported that calcium chloride delay ripening, reduce
post-harvest decay and improve the nutritional quality of fruit and vegeta-
bles. Lara et al. (2004) reported delayed fruit ripening, improved resistance to
fungal attack and maintained structural integrity of strawberry cell walls after
being dipped in 1% solution of calcium chloride.

Fruit production faces numerous post-harvest problems, that lead to both
high quantitative and qualitative losses (Malik et al., 2004; Musasa et al.,
2013). Post-harvest losses in the horticultural production chain are
a challenge in both developing and developed countries (Musasa et al.,
2013). Fruit are liable to damage and deterioration during harvesting, trans-
portation, marketing, storage and consumption, if not properly handled
(Ilyas et al., 2007; Murthy et al., 2009). The aim of this study was to evaluate
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the extent of post-harvest losses of mango fruit along the supply chain and to
evaluate the effects of hexanal, calcium chloride and smoke treatment on
quality of these fruit.

Materials and Methods

Hypothesis

(1) Post-harvest losses of mango fruits are high and they vary with the
stage of the supply chain

(2) Post-harvest techniques such as hexanal, calcium chloride and smoke
treatments improve the quality of treated mango fruit.

Description of Study Area

Mango fruit were harvested when mature but not ripe based on the fullness of
the cheeks, skin glossiness, flesh color, development of the shoulders and
number of days from bloom to harvest (Kapilan and Anpalagan, 2015;
Mohammed et al., 2018). Fruit were harvested from Lunyala village in
Mwalusembe ward (7.1435°S, 39.0542°E and 58.30 meters above sea level) in
Mkuranga district, Coast region in eastern Tanzania during the
December 2016 and December 2017 mango seasons. Apple and Palmer, the
commonly grown cultivars in the study area were used.

After harvest, the marketable and unmarketable fruit were separated. The
marketable quality of the fruit was subjectively assessed according to method
by Mohammed et al. (1999) with some modifications. On each sampling
time, marketability of the fruit was assessed using a 1– rating scale, with
1 = unusable, 3 = unsalable (poor), 5 = fair, 7 = good, 9 = excellent; to
evaluate the fruit quality. The mechanical damage, disease and insect free-
dom, softness, surface defects, and shrinkage were used as visual parameters
for the rating. The ratings were averaged and the fruit that were rated of five
and above were considered marketable, while those rated less than five were
considered unmarketable.

Evaluation of Post-harvest Losses

Marketable fruit were loaded in the open truck cushioned by dry grass and
transported from the Coast region to Sokoine University of Agriculture,
Morogoro (234 km away). Upon arrival, the unmarketable fruit were sorted,
counted and causes of damage were established. Marketable fruit were
packed in bamboo crates cushioned with dry grass and placed under the
shade for three days to simulate the wholesale market conditions. Fruit were
then examined for damage and unmarketable fruit were counted and
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discarded. Remaining marketable fruit were once again placed under the
shade for the six more days (making a total of nine days) to simulate the
retail market conditions. On the 9th day after harvest, the fruit were eval-
uated and the number of unmarketable fruit with their respective cause of
damage was recorded.

Post-harvest losses were evaluated according to the method by Msogoya
and Kimaro (2011) with some modifications. The post-harvest loss at each
stage was calculated as the percentage of fruit loss specific to a defined point
along the supply chain. A total of 5 000 mango fruit of each cultivar were
harvested, sorted and graded to remove all the unmarketable fruit with their
respective cause of damage being recorded. The causes of fruit damage were
identified as either due to physical/mechanical damage, microbial decay,
softening or insect damage and their percent losses were calculated. The
experiments were repeated for 2 consecutive seasons of 2016 and 2017
mango seasons. The harvested fruit were sorted and graded to remove all
the unmarketable fruit and their respective cause of damage was recorded.
Unmarketable fruit were characterized by defects caused by insect infesta-
tions, microbial decay, broken and bruised skin, soft and shriveled fruit. The
causes of fruit damage were identified and described as either due to
mechanical damage, microbial decay, softening or due to insect infestations.
The mechanical injury was scored as the number of fruits with cuts, scrapes,
compressions and bruises (Brecht et al., 2010). The incidence of microbial
decay was scored as the number of fruits with decay symptoms, and the
causal agents of decay were identified according to Snowden (2008). The
insect infestations were scored upon the presence of larvae of fruit flies in the
fruit followed method by Mwatawala et al., 2009).

Post-harvest Techniques and Design of Experiment

Thirty fruit of each cultivar were exposed to each post-harvest treatments and
for shelf life, loss of firmness and disease incidence. Fruit were dipped in
calcium chloride solution at (2% w/v) and hexanal solution at (0.02% v/v)
for 5 min. Smoke was applied following a method by Baltazari et al. (2018). The
fruit were exposed to smoke obtained from burning 1.0 kg of dried banana
leaves, which was done three times at intervals of 12 h in the chamber with
a volume of 12 m3. The chambers were ventilated for 30 min by opening
between smoke treatments. The chambers were located six meters from the
source of smoke to reduce heat transfer to the fruit. The effectiveness of
different concentrations of calcium chloride, hexanal and smoke in extending
the shelf life, maintain fruit firmness and management of post-harvest diseases
of mango cultivars were compared with the control under ambient (28 ± 2°C)
and cold or reduced (18 ± 2°C) temperatures storage conditions. The experi-
ments were replicated six times.
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Shelf Life Assessment

The shelf life is the length of time for which an item remains usable, edible or
salable. Shelf life was determined as the period (in days) through which the
fruit remained marketable until 50% of the fruit was considered unmarke-
table. The fruit were assessed daily and when the half of the fruit were
unmarketable, they were discarded and the time (number of days) recorded.

Loss of Fruit Firmness

Fruit firmness was evaluated by using penetrometer (Wagner fruit test FT 20
Model, Wagner Instruments, Italy). Loss of firmness (softening) was established
as change in firmness of fruit between harvest and after 12 days of storage.

Anthracnose Disease Incidence

The incidence of post-harvest diseases on fruit were determined according to
method by (Dodd et al., 1991). The causal agents of decay/diseases were
identified to species level with the aid of microscope based on symptoms,
colony cultures, and their macro and micro-morphology, using
a compendium of fruit diseases (Snowden, 2008).

Statistical Analyses

Two-way factorial ANOVA with six replications was used to analyze data.
The factors were three post-harvest techniques (hexanal, calcium chloride
and smoke treatment) and storage conditions (ambient (28 ± 2°C) and cold/
reduced (18 ± 2°C) temperatures). The disease incidence data were
arcsine percent transformed before analysis. Then, data for shelf life, change
in firmness and disease incidences of each mango cultivars were separately
analyzed by using R-software. Post hoc was performed using Tukey Honestly
Significant Difference (HSD) at (p ≤ 0.05).

Results

Post-harvest Losses at Different Stages of Mango Supply Chain

We present results of two independent experiments for Apple and Palmer
mango cultivars that were conducted for two consecutive seasons of 2016 and
2017. The post-harvest losses were evaluated from untreated fruit. The effects
of post-harvest techniques namely hexanal, calcium chloride, smoke treat-
ments and control on shelf life, loss of firmness and prevalence of post-
harvest diseases were evaluated under ambient and cold/reduced temperature
storage conditions.
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Post-harvest losses (%) of Apple and Palmer mango fruit cultivars along
the supply chain during 2016 and 2017 mango seasons are presented in
Table 1. The Apple mango fruit had post-harvest losses of 49.02% and
44.11% during the 2016 and 2017 seasons, respectively, with an average loss
of 46.57%. The Palmer mango cultivar suffered 43.16% post-harvest losses
in 2016 and 41.55% in 2017 with an average loss of 42.36%. The apple
mango cultivar suffered higher post-harvest losses than Palmer cultivar. Chi
square (χ2) results showed that losses along the supply chain were signifi-
cantly dependent on cultivar during 2016 (χ2 (1) = 5.095, p = .024) and 2017
season (χ2 (1) = 9.55, p = .002).

Cause of Losses at Different Stages of Mango Supply Chain

The main causes of post-harvest losses of Apple and Palmer mango cultivar fruit
during 2016 and 2017 seasons are as shown on Table 2. The Apple cultivar fruit
suffered highest post-harvest losses at transport stage while Palmer cultivar fruit
suffered highest post-harvest losses at retail stage. The post-harvest losses were
caused by crashing, bruising, infestation by insects such as fruit flies, over-ripen-
ing, post-harvest diseases and scratching by farm tools. Chi square test results
showed that losses along the supply chain were significantly dependent on cultivar
at transport (χ2 (1) = 6.038, p = .014) and wholesale stages (χ2 (1) = 4.96, p = .026)
but not at harvest (χ2 (1) = 2.02, p = .155) and retail stages (χ2 (1) = 3.582, p = .058).

Shelf Life of Mango Fruit

The two-way ANOVA results showed significant effects of post-harvest
technique on shelf life of Apple and Palmer cultivars fruit. Post-harvest
techniques × storage duration had significant effects on shelf life of fruit of
Apple but not Palmer cultivar (Table 3). However, storage condition had
non-significant effects on shelf life of fruit of both cultivars. Further analysis
of simple means showed that post-harvest technique had significant effects

Table 1. Post-harvest losses of Apple and Palmer mango cultivars at different
stages of supply chain during 2016 and 2017 mango seasons.

Post-harvest losses (%)

Apple cultivar Palmer cultivar

Stage 2016 2017 2016 2017

Harvest stage 3.44 2.90 5.42 2.96
Transport stage 18.89 8.49 8.48 8.72
Wholesale stage 7.69 7.77 9.08 6.86
Retail Stage 19.00 24.96 20.18 23.01
PHL per season 49.02 44.11 43.16 41.55
PHL per cultivar 46.57 42.36
Total PHL for mango 44.47

PHL means post-harvest loss.
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on shelf life of Apple cultivar fruit under both ambient and cold/reduced
temperatures storage conditions (Figure 1). The hexanal-treated fruit had a
shelf life of 20 and 22 days under ambient and cold/reduced temperature
storage conditions, respectively. The smoke-treated fruit had the lowest shelf
life under both storage conditions. analysis of variance for main means
showed that post-harvest techniques had significant effects (p < .001) on
shelf life of Palmer fruit (Figure 2) regardless of storage condition. Hexanal
extended the shelf life Palmer cultivar fruit to 20 days while calcium chloride
extended the shelf life to 17 days.

Loss of Fruit Firmness

ANOVA results showed significant effects of post-harvest techniques on
loss of firmness of Apple and Palmer mango cultivars fruits (Table 4).
Furthermore, the effects of storage condition, and storage condition ×
post-harvest techniques were significant for Apple but insignificant for
Palmer cultivar fruit. Analysis of simple means showed that post-harvest
techniques had significant effects on loss of firmness of Apple cultivar
fruit under both ambient and cold storage conditions (Figure 3). Further
analysis of main means showed that post-harvest techniques had signifi-
cant effects on loss of firmness of Palmer mango fruit (Figure 4) regard-
less of storage condition. We recorded less changes in firmness in
hexanal-treated Apple cultivar fruit stored under both ambient and cold
conditions. We also recorded less loss of firmness of Palmer cultivar fruit

Table 2. Causes of post-harvest damage of Apple and Palmer mango cultivars at different stages
of supply chain in 2016 and 2017 seasons.

Post-harvest losses (%)

Harvest stage Transport Stage Wholesale Stage Retail Stage

Fruit damage features Apple Palmer Apple Palmer Apple Palmer Apple Palmer

Physical damage 49.25 83.25 92.45 99.2 61.4 86.20 2.60 24.6
Insect pests 25.15 10.00 7.55 0.80 5.45 0.85 2.60 0.65
Anthracnose 0.00 0.00 0.00 0.00 6.4 5.6 46.75 33.25
Over-ripening 7.25 0.00 0.00 0.00 26.6 0.00 48.05 41.45
Others 18.34 6.70 0.00 0.00 0.00 0.00 0.00 0.00

Table 3. Effects of storage duration, storage conditions and post-harvest techniques on shelf life
of Apple and Palmer mango cultivars.

Apple Palmer

Effects of F-ratio p F-ratio p

Post-harvest technique (PT) F (3, 88) = 6.529 < 0.001 F (3,88) = 117.847 < 0.001
Storage condition (SC) F (1, 88) = 5.380 0.123 F (1,88) = 0.157 0.693
PT × SC F (3, 88) = 58.155 < 0.001 F (3,88) = 1.772 0.158
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treated with hexanal. Generally, loss of firmness was highest in smoke-
treated fruit of both cultivars.

Anthracnose Disease Incidences

ANOVA results showed that storage condition and post-harvest technique
had significant effects on the incidence of anthracnose disease on fruit of
Apple and Palmer mango cultivars (Table 5). However, effects of their
interactions were not significant (p > .05). Further analysis of main
means showed that post-harvest techniques had significant (p ˂ 0.001)
effects on incidence of anthracnose disease on Apple (Figure 5) and
Palmer (Figure 6) mango cultivars regardless of storage condition. Hexanal-
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Figure 1. Mean shelf life of Apple mango cultivar exposed to post-harvest techniques at ambient (F (3,

20) = 93.361, p < .001) and cold/reduced temperatures (F (3, 20) = 42.639, p < .001) storage condition.
Post hoc test was done by Tukey HSD. Means with the same letters are not significantly different at
p ≤ 0.05.
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Figure 2. Mean shelf life of Palmermango cultivar exposed to post-harvest techniques (F (3, 44) = 55.473,
p < .001).
Post hoc test was done by Tukey HSD. Means with the same letters are not significantly different at
p ≤ 0.05.
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treated fruit had the lowest incidence of anthracnose disease, followed by
calcium chloride while untreated fruit and smoke-treated fruit had the
highest disease incidences.

Table 4. Effects of storage duration, storage conditions and post-harvest techniques on loss of
firmness of Apple and Palmer mango cultivars.

Apple Palmer

Effects of F-ratio p F-ratio p

Post-harvest technique (PT) F (3, 88) = 0.131 < 0.001 F (3, 88) = 2.313 p ˂ 0.001
Storage condition (SC) F (1, 88) = 2.213 p < .001 F (1, 88) = 4.218 1.534
PT × SC F (3, 88) = 4.218 p < .001 F (3, 88) = 0.379 0.120
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Figure 3. Mean Loss of firmness of Apple mango cultivar exposed to post-harvest techniques at
ambient (F (3, 20) = 21.347, p = .001) and cold/reduced temperatures (F (3, 20) = 20.705, p = .017)
storage condition.
Post hoc test was done by Tukey HSD. Means with the same letters are not significantly different
at p ≤ 0.05.
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Figure 4. Mean loss of firmness of Palmer mango cultivar exposed to post-harvest
techniques (F (3, 44) = 64.856, p < .001).
Post hoc test was done by Tukey HSD. Means with the same letters are not significantly different
at p ≤ 0.05.

INTERNATIONAL JOURNAL OF FRUIT SCIENCE 863



Discussion

Post-harvest losses of mango cultivars recorded in our study were higher at
retail, wholesale and transport stages than at harvest. The total post-harvest
losses of mango reached 44.56%. Gebre-Mariam (1999) reported lack of post-
harvest and marketing infrastructure for packaging, cold storage, treatment and
washing as the major causes of post-harvest loss of fruit. The post-harvest losses
observed in this study harvest were mainly caused by mechanical damage such
as bruises due to mishandling and insects infestations. Generally, post-harvest
damages are influenced by fruit cultivar, storage temperature, water content,
specific gravity and degree of maturity of the fruit (Blahovec, 2001; Sudheer and
Indira, 2007). Post-harvest losses incurred by smallholder farmers are relatively
high mostly due to inappropriate crop handling, processing and storage tech-
nologies (Rugumamu, 2009).We recorded high post-harvest losses at retail stage
when fruit were soft and easily infected by diseases such as mango anthracnose
caused by Colletotrichum gloeosporioides.

Total post-harvest losses encountered along the mango supply chain from
harvest to retail were high in both Apple and Palmer cultivars. Post-harvest
losses vary greatly among commodities, production areas and seasons
(Kitinoja et al., 2011). We observed mechanical damages and bruises, fruit

Table 5. Effects of storage duration, storage conditions and post-harvest techniques anthracnose
disease incidences of Apple and Palmer mango cultivars.

Apple Palmer

Effects of F-ratio p F-ratio p

Post-harvest technique (PT) F (3, 88) = 32.223 < 0.001 F (3, 88) = 25.311 < 0.001
Storage condition (SC) F (1, 88) = 8.603 ˂ 0.001 F (1, 88) = 3.773 0.063
PT × SC F (3, 88) = 3.074 0.070 F (3, 88) = 4.866 0.135
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Figure 5. Mean diseases incidences of Apple mango cultivar exposed to post-harvest techniques
(F (3, 44) = 12.099, p < .010).
Post hoc test was done by Tukey HSD. Means with the same letters are not significantly different
at p ≤ 0.05.
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rot and insect infestations as major causes of loss at harvest stage. The fruit
damages at wholesale market (three days after fruit harvesting) were mainly
due to diseases and mechanical injuries. while losses at retail stage were due
Post-harvest diseases and reduced firmness. The fruit loose water and
become unmarketable as they shrivel and soften during storage (Kawada
and Kitagawa, 1984).

The current study showed that hexanal extended shelf life of both mango
cultivars relative to smoke and control. Hexanal enhances the shelf life of
fruits by maintaining fruit firmness of treated fruits. Previous research
showed that hexanal extended the shelf life of several fruit such as apple,
banana, cherry, peach, strawberry, mango and vegetables such as broccoli
and tomato (El Kayal et al., 2017; Paliyath and Subramanian, 2008; Preethi
et al., 2018). The current study also showed that calcium chloride extended
shelf life of the two mango cultivars compared to the control and smoke-
treated fruit. Hexanal and calcium chloride extend shelf life of fruit through
delayed senescence, ripening and reduction of post-harvest decay in fruits
such as apple, strawberry, sweet cherry and mango (Anusuya et al., 2016;
Mishra, 2002; Sharma et al., 2010).

Interestingly, smoke treated fruit in the current study had a shorter shelf
life compared to the control. During ripening, the internal concentration of
ethylene rises to saturation levels. As a consequence, additional application of
exogenous ethylene has no further promotive effect on ripening of climac-
teric fruit such as mango (Porat et al., 1999; Saltveit, 1999). According to
Saltveit (1999) reduced shelf life of mango is caused by ethylene which
enhances ripening and softening of climacteric fruit. Thakur et al. (2017)
pointed out that delayed softening extends shelf life of fresh produces. The
internal factors like respiratory processes, ethylene evolution, enzymatic
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Figure 6. Mean diseases incidences of Palmer mango cultivar exposed to post-harvest techni-
ques (F (3, 44) = 46.561, p = .024).
Post hoc test was done by Tukey HSD. Means with the same letters are not significantly different
at p ≤ 0.05.
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starch hydrolysis and other carbohydrate hydrolysis lead to cell wall soft-
ening and subsequent post-harvest deterioration in fruit (Preethi et al., 2018).

Apple cultivar fruit stored under cold condition maintained their firmness
much longer compared than those stored under ambient condition.
According to Thakur et al. (2017), digestion of cell wall by enzymes is
responsible for cell wall digestion, and this process increase with storage
temperature. Similar results were reported by Katsiferis et al. (2008) in
orange, Tabatabaekoloor (2014) in kiwifruit, and by Hertog et al. (2004) in
tomato. Generally, storage period, temperature, ethylene levels and maturity
influence the ripening rate of fruit (Ritenour et al., 1999). Fruit firmness is
one of the primary parameters used to evaluate the overall fruit quality
(Fekete, 1994).

There were significant effects of post-harvest treatments on loss of firm-
ness of both Apple and Palmer mango cultivars. Interestingly, smoke-treated
fruit suffered higher loss of firmness compared with untreated fruit. We
recorded lower loss of firmness in hexanal-treated fruit compared with
calcium chloride, smoke-treated and the untreated fruit. Hexanal inhibits
the activity of Phospholipase D which is responsible for initiation of catabolic
events that leads to the eventual deterioration of the membrane and therefore
fruit softening (El Kayal et al., 2017; Thakur et al., 2017). Our results further
suggest that application of calcium chloride is an effective way to delay
ripening and maintain firmness of fruit (see also El Kayal et al., 2017;
Farahi and Goodarzi, 2008). It was generally noted that fruit stored under
ambient conditions had higher loss of firmness than cold stored fruit.
Hexanal-treated fruit had suffered less loss of firmness than the untreated
fruit regardless of storage condition.

The incidence of Anthracnose disease on mango fruit was evaluated
throughout the supply chain. It was observed that the Anthracnose
disease was dominant during storage. It was noted the cold storage of
mango fruit significantly delayed and reduced the incidence anthracnose
disease regardless of cultivar. The reduced incidence of anthracnose
indicated that calcium chloride and hexanal have antifungal activity
(Fallik et al., 1998; Hamilton-Kemp et al., 1992). Similar, previous studies
showed that hexanal can control of fungal diseases such as green mold
(Archbold et al., 1999) and inhibit the growth of hyphae of Penicillium
expansum and Botrytis cinerea in vitro and on apple slices (Song et al.,
1996). Mango fruit treated with smoke had higher incidences of anthrac-
nose disease than hexanal, calcium chloride-treated and the untreated
fruit. Smoke produces ethylene which hastens the ripening of climacteric
fruit like mango and exposes them to diseases.

This study concludes that post-harvest losses of mango were occured at
harvest, transport, whole sale and retail stage of supply chain. The causes of
post-harvest losses at different stages include physical damage, insect
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infestations, over-ripening and post-harvest diseases such as anthracnose.
Hexanal under both storage conditions. Hexanal- and calcium chloride-
treated fruit maintained their firmness for a relatively longer time during
storage compared to untreated and smoke-treated fruit. This study recom-
mends application of hexanal and calcium chloride under cold storage in
order to extend fruit shelf life, maintain fruit firmness and reduce disease
incidences in mango fruit.
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