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The objective of this study was to evaluate the effects of hexanal on the post-harvest shelf life and quality of papaya (Carica
papaya L.) in two agro-ecological zones (AEZs II and IV) among small-holder farmers in Kenya. Hexanal was tested at two
concentrations, 1% and 2%, and applied as a dip for 2.5 minutes or 5 minutes on mature green Solo Sunrise and Mountain
papaya cultivars. Water was used as control. The experiment was done in a randomized complete block design with three
replications; means were compared by Analysis of Variance using GenStat Version 15. Untreated papaya fruits lasted for
9 days whereas papaya fruits dipped in 2% hexanal for 5 minutes lasted for 15 days with ethylene and respiratory peaks
delayed by three days (p < 0.05). These hexanal-dipped fruits lost up to 19% of their cumulative physiological weight (p <
0.05) after the entire storage period of 15 days, whereas controls lost up to 35% of their physiological weight over the same
period, and were firmer in texture by 37.4% (p < 0.05). Titratable acidity in papaya fruits gradually decreased with time
during the ripening period with no significant difference between the treated and the untreated fruits (p <0.05). Total soluble
solids, however, increased as the fruit ripened and then declined with no significant differences between the treatments (p
<0.05). Dipping the papaya fruits in hexanal had no effect on beta-carotene content but decreased the rate of vitamin C
decline with fruit ripening (p < 0.05). The results of this study indicate that the use of hexanal could be a novel and viable
option for reducing post-harvest losses of papaya (Carica papaya L.) in Africa, benefitting small-scale farmers as well as
large-scale farmers and traders through improved post-harvest maintenance of quality and longer shelf life.
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Among the Caricaceae family, papaya (Carica
papaya L.) is the most important economic
crop. It is widely cultivated for consumption as
a fresh fruit and can be value-added to make
jams, jellies, and pies. Papaya is also very
popular due to its palatability, early fruiting, and
versatility in usage (Aravind et al. 2013).
Papaya is rich in vitamin C, carotenoids and
riboflavin and is a fair source of iron, calcium,
thiamine, niacin, pantothenic acid, vitamin B-6,
and vitamin K (Saran et al. 2014). In Kenya,
papaya is the fifth most economically important
fruit crop in terms of volume and value of
production (HCDA 2014). In the field,
plantings can last up to 20 years under good
irrigation and management but the average
profitable commercial life span is only two to
three years (Campostrini and Glenn 2007)
depending on weather conditions, and biotic
and abiotic stresses. The most popular varieties
grown in Kenya include Mountain, Solo
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Sunrise, Honey dew, and Hawaii. Solo Sunrise
and Kapoho Solo are hermaphrodites and may
be produced following self-pollination or
parthenocarpy (AFA 2015). All the Solo types
of papaya are pear-shaped and are of adequate
commercial size (300 g – 700 g) and quality
(Paull et al. 1997).
Papaya, containing about 89.7% water, is a
highly perishable fruit (Mia et al. 2010). Huge
post-harvest losses, estimated at over 50%, are
one of the key challenges to the continued
production and marketing of this thin-skinned
fruit. Papaya ripens and softens over a very
short period of time, usually three days,
predisposing the fruit to physical damage and
phyto-pathogen invasions. A typical papaya
fruit has a thin, delicate exocarp that is less
waxy than those of mango and banana fruits
making it prone to mechanical injury. Wounds
provide an avenue through which pathogens
invade the fruit and also induce ethylene
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production, further facilitating the ripening and
softening of the fruit. Softened fruits provide an
environment conducive to latent pathogen
infections. Solute leakage around the wound
has also been reported for various fruits
(Prasanna et al. 2007) grown in extreme, hot
climates. Such leakages encourage fungal
growth. Overall, wounds shorten the postharvest life of mature fruit.
Many technologies have been applied to
manage the post-harvest life of papaya. The use
of low temperature storage (Kays and Paull
2004) has been hampered by fruit sensitivity to
chilling injury (Paull et al. 1990). Modified
atmosphere packaging (MAP; Waghmare and
Annapure 2013) and other technologies to
manage ethylene (Ahmad et al. 2013; Bayogan
et al. 2012) are unconventional and technology
uptake by small-holder farmers in Africa has
been very slow. Other additional technologies
have been tested and the industry continues to
evaluate emerging innovations that are
naturally-occurring, environmentally friendly,
cost effective, and easy to apply. Going
forward, the technologies should also ensure
that fruit colour, firmness, essential volatiles
and esters are maintained and preserved after
treatment (Fan and Mathias 1999).
Hexanal, a six-carbon aldehyde naturally
found in fruits, is associated with the
characteristic green flavour (Misran 2013).
Hexanal has been reported to improve the shelf
life of several temperate fruits including apples,
plums, nectarines, peaches, pears (Tiwari and
Paliyath 2011), and sweet cherries (Sharma et
al. 2010). Recently, Anusuya et al. (2016)
reported improved post-harvest shelf life of
mangoes in India using hexanal as a pre-harvest
spray. To our knowledge, no hexanal studies
have been conducted in Kenya, a country that
remains a strong player in the global fruit
market and would benefit from this technology.
The objective of our study was to investigate the
effect of a hexanal dip on papaya fruits of two
cultivars grown in two different agro-ecological
zones (AEZs).
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Materials and methods
Study area
Post-harvest dip treatments were carried out at
the laboratory at Jomo Kenyatta University of
Agriculture and Technology in Juja, Kenya for
fruits obtained from the two different AEZs
(AEZ II: Meru County, and AEZ IV: Machakos
County). Solo Sunrise and Mountain papaya
cultivars were obtained from each AEZ.
Machakos County receives rainfall ranging
from 600 mm to 1,100 mm annually and has an
average temperature of 280C while Meru
County receives 1,000 mm to 1,600 mm rainfall
per annum and has an average temperature of
210C.
Sample collection
Solo Sunrise and Mountain fruits were
harvested from Machakos and Meru early in the
morning during the months of April and July
from randomly selected farms, then packed in
cartons according to variety and size. Fruits
with visible physiological disorders and injuries
were discarded. Used magazines dipped in
clean chlorinated water (0.2–1 mg/litre of
water) were spread over the cartons before
wrapping the papaya fruits to minimize heat
exposure in the field. The boxes were secured
firmly and quickly transported to the laboratory.
The samples were then thoroughly washed in
clean chlorinated water, the 1 cm stalk left after
harvesting was removed, and the sap from the
fruits allowed to drip overnight from the point
of stalk attachment, before the fruits were
dipped the following day.
Experimental design and data analysis
The experiment was laid out in a randomized
complete block design with the dip
concentration as a main effect and with three
replications within each season of data
collection. The entire experiment was
conducted within a 12-month period that
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included two successive weather seasons. Each
fruit was randomly chosen from a common
variety plot and an experimental unit was a
cultivar sample containing 18 papaya fruits
each of Solo Sunrise and Mountain cultivars.
Hexanal was tested at 2 concentrations, 1% and
2%, with the fruits dipped for 2.5 minutes or 5
minutes, and with water used as the control dip
for the same lengths of time. A total of 360
fruits were used for the two varieties of papaya
(Mountain and Solo Sunrise) per season for all
the three replications. Data were collected every
three days on physical (firmness, colour),
physiological (per cent physiological weight
loss, CO2, ethylene), and biochemical (total
titratable acidity [TTA], total soluble solids
[TSS], beta-carotene and vitamin C) attributes
of the fruits, until the end of the 15-day study
period. Repeated measures were used for
determination of per cent physiological weight
loss, CO2, and ethylene outcomes. Biochemical
attributes were determined only for the most
effective treatment concentration of hexanal
and the optimal length of dipping.
Data were subjected to an Analysis of
Variance (ANOVA) using Genstat software
(15th Edition) provided by the University of
Nairobi. The main effects were from AEZ (or
“location”), cultivar, dip time, storage time, and
experiment (the latter standing for the three
replications of the entire experiment). Three
levels of interactions were studied between the
main effects. Means were compared with
Fishers protected Least Significant Difference
set at p < 0.05.
Firmness
Firmness was measured along the equatorial
portion of the whole papaya fruit using a
penetrometer (CR-100D, Sun Scientific Co.
Ltd, Japan) fitted with an 8 mm probe. The
pointed probe was allowed to penetrate the fruit
up to a depth of 10 mm and the penetration force
was recorded. The force was expressed in
Newtons according to Jiang et al. (1999).

Peel colour
Peel colour was read in three different points
along the central portion of the fruit and repeated
for three other fruits marked and monitored until
the fruits’ end stages when the peel colour
changes from a yellow hue (60˚) to amber (50˚).
A Minolta colour difference meter (Model CR200, Osaka, Japan) calibrated with a white and
black standard tile was used. The “L*,” “a*,” and
“b*” coordinates were recorded and a* and b*
values were converted to hue angle (H0)
according to McClellan et al. (1995).
Percent physiological weight loss
Physiological weight loss was calculated after
using a digital weighing balance (Model CS
5000, Ohaus Corporation, USA) with a capacity
of 5,000 g using three fruits chosen for each
treatment combination of 1% or 2% dip, for 2.5
minutes or 5 minutes. The initial weight (W1) of
each fruit at day 0 and the new weight of the
same fruit on the subsequent days (W2) was
recorded in kilograms and the per cent weight
loss calculated using equation 1 below:
Percentage weight loss (%) = 100 x (W1 W2)/W1
CO2 and ethylene
Three fruits were selected from each treatment
and incubated at room temperature (25 0C) in
airtight, transparent, ‘klip-lock’ plastic
containers (1450 mL and 4500 mL) for
Mountain and Solo Sunrise cultivars,
respectively, and fitted with self-sealing rubber
septa for gas sampling for one hour. Head-space
gas samples were taken using an airtight, 1 mL,
hypodermic syringe and injected into gas
chromatographs, a model GC-9A (Shimadzu
Corp., Kyoto, Japan) for analysis of ethylene
production, and a model GC-14A (Shimadzu
Corp., Kyoto, Japan) for analysis of CO2
production. The GC-14A was fitted with a
thermal conductivity detector and a Poropak N
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column for CO2, whereas the GC-9A was fitted
with an activated alumina column and a flame
ionization detector. The ethylene production rate
was expressed as µL/kg/hr and CO2 production
(used to estimate respiration rate) was expressed
as mL/kg/hr at standard atmospheric pressure.
Total titratable acidity (TTA)
The TTA was determined through titration. Five
grams of fruit pulp were macerated and diluted
with 20 mL distilled water. Ten mL of the diluted
solution was mixed with 3 drops of
phenolphthalein indicator (colourless in acid
medium) for titration using 0.1 N NaOH with
constant shaking until the appearance of a faint
pink colour that persisted for at least 30 seconds.
The results were expressed as per cent citric acid
(titratable acidity) of fruit juice according to the
method of Raganna (1986).
Total soluble solids (TSS)
Fruit pulp was obtained from the middle portion
of unripe fruits by destructive sampling and 5
grams of juice extracted after crushing the fruit
in a mortar with pestle. The same amount of
juice was extracted from ripened fruits after the
third day in storage. A Hanna digital hand held
refractometer 0-85% Brix (Model HI 96801,
USA) was used to determine the TSS. Data was
repeated at 3-day intervals until the end of the 15day study period.
Vitamin C
Vitamin C measurements were determined using
the method described by Mamun et al. (2012)
with a few modifications. Approximately 2 g to
3 g of papaya pulp were extracted using 0.8%
meta-phosphoric acid (MPA) under subdued
light conditions. This was diluted to 20 mL of
juice with MPA. The juice was centrifuged at
100 rpm (Kokusan H-200, Tokyo, Japan) at 40C
for 10 minutes. The supernatant was filtered into
vials using a 0.45 micro filter and samples set as
a post-run in high performance liquid
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chromatography (HPLC) on the same day of
extraction (20 µL was automatically injected into
the machine). The HPLC analysis was done
using a C18-4D column and a Shimadzu UVVIS detector. Various concentrations of ascorbic
acid (0, 10, 20, 40, 60, 80 and 100 ppm) were
also made as standards to construct a calibration
curve. The mobile phase was 0.8% metaphosphoric acid at a 1.2 mL/min flow rate, and a
wavelength of 266.0 nm. The quantity of
ascorbic acid was calculated using a (standard)
vitamin C concentration regression curve
obtained with the standards as shown in equation
2.
Equation 2. Ascorbic acid formula

𝑚𝑔
𝐴𝑠𝑐𝑜𝑟𝑏𝑖𝑐 𝑎𝑐𝑖𝑑 (
)
100 𝑔
𝑃𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝑓𝑟𝑜𝑚 𝑔𝑟𝑎𝑝ℎ𝑠
= ((
)
𝑦
𝐷𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑣𝑜𝑙𝑢𝑚𝑒
∗(
)
𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)
100
∗(
))
1000

Where y = gradient of curve when y-intercept is
zero.
Beta-carotene
Beta-carotene was analysed using UV
spectrophotometry using the method described
by Rodriguez-Amaya and Kimura (2004). A
sample of approximately 2 g of the stored papaya
pulp was transferred to a mortar and ground with
acetone using a pestle: the extract was transferred
to a 100 mL volumetric flask. This was repeated
until the sample gave no colour in acetone.
Partitioning was done using 25 mL of petroleum
ether in a separating funnel. A small amount of
distilled water was added to the mixture of
acetone, extract, and petroleum ether to facilitate
separation. The lower elute mixture of water and
acetone was carefully channelled out to leave the
upper layer mixture of carotenoids and
petroleum ether. This mixture was then
transferred to a 25 mL volumetric flask through
a funnel and filter paper with anhydrous sodium
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sulphate to remove water from the petroleumcarotene mixture. All extractions were done
under subdued light conditions. Standards (0, 2,
4, 8, 10, 20, 40, 60, 80, and 100 ppm) were also
made from freshly-prepared beta-carotene
obtained from sigma Aldrich suppliers in Kenya
(Kobian Kenya Ltd) and used to plot a
calibration curve used to calculate beta-carotene
amounts in the samples. Absorbance readings
were done at 440 nm in a UV-spectrophotometry
(Shimadzu model UV-1610 PC, Kyoto, Japan).

Results
Firmness
Hexanal application on papaya improved fruit
firmness by up to 35% at 2% hexanal dip for 5

minutes in the two agro-ecological zones. The
firmness of control fruits harvested from the
warmer Machakos and cooler Meru decreased
from over 55 N/cm to less than 10 N/cm in 3 days
and 6 days, respectively (Figures 1A, 1B, 1C,
and 1D). The decline in fruit firmness was more
drastic in those from warmer Machakos than
Meru. Dipping fruits in hexanal significantly
delayed the softening of the fruits irrespective of
location, with a 2% concentration and a 5-minute
dip being the most effective. The control fruits
lasted between 6 and 9 days while those dipped
in different concentrations of hexanal were
firmer up to day 12. However, beyond day 9,
there was no significant (p>0.05) difference
between the firmness of treated and control
fruits.
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Figure 1: Changes in fruit firmness (N/cm) in Solo sunrise (A&B) and Mountain (C&D) papaya
varieties from Machakos County and Meru County, respectively, dipped in different
concentrations of hexanal. Top bars are LSD values at p=.05.
Peel colour
Hexanal treatment reduced the rate of peel
colour break from green to yellow during the
storage periods. The cultivars demonstrated
differential responses to hexanal. Dipping at
both concentrations showed significant
differences (p < 0.05) in Solo Sunrise fruit
compared to the controls but not in Mountain
fruit (Figures 2A, 2B, 2C, and 2D). The
interaction between agro-ecological zone and
hexanal dipping was significantly different
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with higher hue means in papaya from Meru
County. Fruits from Machakos had a relatively
smaller change in hue angle (from 127 0 to 790)
in Solo Sunrise and from 1240 to 750 in
Mountain papaya compared to fruits from
Meru County (1210 to 560 in Solo Sunrise and
1210 to 610 in Mountain varieties). The peel
colour break changed from green (127˚) to
lime (101˚) to yellow (90˚) and finally to
amber (< 60˚). Fruits were completely yellow
at a hue angle of 900.
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Figure 2: Changes in peel colour in Solo sunrise (A&B) and Mountain (C&D) papaya varieties
from Machakos Countyand Meru County, respectively, dipped in different concentrations of
hexanal. Top bars are LSD values at p=.05.
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Pulp colour
Hexanal treatment slowed the rate of peel
colour change without negatively affecting
the overall red pulp colour intensity at full
ripe stage (Hue angle 60⁰). The pulp colour
change in treated papaya fruits was
significantly (p ≤ 0.05) slower than in the

control fruits, irrespective of the AEZ
although fruits from the warmer zone
(Machakos) became yellow faster than those
from cooler Meru (Figures 3A, 3B, 3C, and
3D). However, there was no difference in
results between the concentrations of hexanal
and the duration of dip in papaya from the
different AEZs.
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Figure 3: Changes in pulp colour in Solo sunrise (A&B) and Mountain (C&D) papaya varieties
from Machakos County and Meru County, respectively, dipped in different concentrations of
hexanal. Top bars are LSD values at p=.05.
Percent cumulative weight loss
There was a gradual increment in the
cumulative weight loss across the 15 days of
storage with a maximum value of 34.5%
weight lost recorded for fruits from Meru
County (Figures 4A, 4B, 4C, and 4D). An
interaction between hexanal dip and the effect
of agro-ecological zone had a significant (p ≤
0.05) difference on per cent cumulative weight
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loss. Fruits from the wetter AEZ II had a higher
mean weight loss compared to those from the
drier AEZ IV. The two varieties responded to
the dip treatment differently, with Solo Sunrise
maintaining 8.4% more weight and Mountain
fruit maintaining 5.1% more weight compared
to the control fruits. There was no difference
between tested hexanal concentrations and
duration of dip in weight loss among the two
varieties of papaya.

Effects of hexanal dip on the post-harvest shelf life and quality of papaya (Carica papaya L.) fruit; M. J. Hutchinson et al.

Tropical Agriculture Volume 95 Special Issue 1 53

Effects of hexanal dip on the post-harvest shelf life and quality of papaya (Carica papaya L.) fruit; M. J. Hutchinson et al.

Figure 4: Percent cumulative weight loss in Solo sunrise (A & B) and Mountain(C&D) papaya
varieties from Machakos County and Meru County, respectively, dipped in different
concentrations of hexanal. Top bars are LSD values at p=.05.
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CO2
Hexanal treatment delayed the respiratory peak
and mildly reduced the amount of CO₂ evolved
from the ripening fruits in ambient storage.
Untreated papaya fruits from both AEZs had

respiratory peaks on day 3 (Figure 5A, 5B, 5C,
and 5D). Dipping fruits in hexanal delayed
development of respiratory peaks, in papaya
fruits, by 3 days. Respiration rates were higher
in Solo Sunrise papaya compared to Mountain
papaya during the 15 days in storage.
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Figure 5: Changes in rate of CO₂ production in Solo sunrise (A & B) and Mountain (C &D) papaya
varieties from Machakos County and Meru County, respectively, dipped in different
concentrations of hexanal. Top bars are LSD values at p=.05.
Ethylene
Ethylene peaks followed a similar pattern to
the respiratory peaks (Figure 6A, 6B, 6C, and
6D). However, there was no significant (p ≤
0.05) difference in the rate of ethylene
produced from papaya fruits treated at the two
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concentrations of hexanal. Control fruits and
fruits treated with 1% hexanal for 2.5 minutes
showed a similar behaviour with a slightly
higher mean value of ethylene at 3.53µl/kg/hr
in controls. Dip treatments for 5 minutes with
1% and 2% hexanal gave lower rates of
ethylene evolution during ripening.
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Days after treatment

Figure 6: Changes in rate of ethylene production in Solo sunrise (A & B) and Mountain(C&D)
papaya varieties from Machakos County and Meru County, respectively, dipped in different
concentrations of hexanal. Top bars are LSD values at p=.05.
Percent total titratable acidity
Hexanal treatment did not show any significant (p
> 0.05) difference in the variation of TTA
between the initial day and the third day in storage
(Figures 7A, 7B, 7C, and 7D). However, between
days 6 and 9, TTA was significantly high in
papaya dipped in 1% and 2% hexanal for 5
minutes. Control fruits had lower levels of TTA
with a consistent decline across the storage period,
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unlike the treated papaya fruits where TTA
increased from 0.12% to 0.14% and 0.11% to
0.14% in Solo Sunrise and Mountain fruit,
respectively, then declined to a low of 0.08% in
both varieties. A high of 0.14% was recorded on
day 6 in Solo Sunrise sample treated with 2%
hexanal for 5 minutes. The percent TTA peak
occurred when all the fruits were completely
yellow at a H0 < 900.
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Figure 7: Changes in percent total titratable acidity in Solo sunrise (A&B) and Mountain (C&D)
papaya varieties from Machakos County and Meru County, respectively, dipped in different
concentrations of hexanal. Top bars are LSD values at p=.05.
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Total soluble solids (0Brix)
Hexanal treatment did not result in any significant
effect in the levels of total soluble solids (TSS) in
papaya fruit for the two varieties. However, TSS
level increased continuously in the two varieties
as fruit ripened from 8.7 °Brix to 13.1 °Brix in
Mountain, and from 9.3 °Brix to 13.2 °Brix in

Solo Sunrise fruits (Figures 8A, 8B, 8C, and 8D).
However, there was no clear trend in the TSS
levels in the two varieties of papaya for both
hexanal treated and control fruits. The highest brix
level (13.2 0Brix) was recorded in control fruits at
the end stage. Papaya fruits from the hotter AEZIV had significantly higher mean TSS than fruits
from AEZ-II.
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Figure 8: Changes in total soluble solids (˚Brix) in Solo sunrise (A&B) and Mountain(C&D)
papaya varieties from Machakos County and Meru County, respectively, dipped in different
concentrations of hexanal. Top bars are LSD values at p=.05.
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Beta-carotene

and 9D). Fruits of the Mountain cultivar had
higher levels of beta-carotene during the 15day storage period. The mean beta-carotene
content was higher in fruits sourced from the
warmer Machakos County compared to those
from the cooler Meru County.

Beta-carotene content increased consistently
with ripening from 22.5 µg/100 g to 240.5
µg/100 g with no significant (p>0.05)
difference in papaya fruits treated with hexanal
at the two concentrations (Figures 9A, 9B, 9C,
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AEZ IV Dip: Beta-carotene content

C-Machakos
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Figure 9: Changes inbeta-carotene content in Solo sunrise and mountainpapaya fruits from
Machakos County (AEZ IV) and Meru County (AEZ II) in experiment I (A&B) and experiment
II(C&D), respectively, dipped in different concentrations of hexanal. Top bars are LSD values at
p=.05.
Vitamin C
Hexanal treatment gradually reduced the rate
of Vitamin C decline as the fruits ripened from
70.12 mg/100 g to 26.11 mg/100 g, on average,
for the two AEZs in the two seasons (Figures
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10A, 10B, 10C, and 10D). The effects of
location, variety, and hexanal dip revealed a
significant (p ≤ 0.05) difference in the level of
ascorbic acid in papaya fruit with a slower rate
of vitamin C decline in the treated fruits
throughout the 15 days in storage.

Vitamin C content (mg/100g
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Figure 10: Changes in vitamin C content in Solo Sunrise and Mountain papaya fruits from
Machakos County (AEZ IV) and Meru County (AEZ II) in experiment I (A &B) and experiment
II (C&D) respectively, dipped in different concentrations of hexanal. Top bars are LSD values at
p=.05.
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Discussion
Papaya fruits have a soft and thin skin with a
resultant short shelf life after harvesting.
Dipping harvested fruits from different AEZs
in different concentrations of hexanal
positively impacted selected post-harvest
attributes. The rate of fruit softening increased
drastically after CO2 and ethylene peaked and
then dropped to constant values when cellular
integrity was completely lost. A difference of
38% in fruit firmness was gained from the best
treatment concentration (i.e., 2% hexanal for 5
minutes). A gain of 38% firmness is significant
to ensure extra protection against damages
associated with softening. Hexanal works by
inhibition of phospholipase D (Paliyath et al.
2003), which is responsible for membrane
deterioration. Mirshekar et al. (2015) reported
that the rate of softening is high during the last
stage of ripening of fruits. Ripening and
softening rates were rapid in control fruits
between day 3 and day 6 in storage, contrary to
the treated fruits that began softening between
days 6 to 9 held in ambient temperature of
25±2˚C and relative humidity of 85±5%. This
suggests that hexanal is capable of delaying the
rapid rate of fruit softening associated with
ripening.
Peel colour in hexanal treated fruits
gradually changed from green to full yellow in
9 days and took only up to 6 days in untreated
fruits. Colour change is caused by enzymatic
degradation of chlorophyll (Ding et al. 2007)
in the peel.
Cumulative weight loss is associated with
moisture loss from the fruit surface during
ripening and softening. Paull and Chen (2000)
reported that a loss of approximately 8% of the
initial weight renders papaya fruit un-saleable
with low-gloss and shrivelled skin. In our
study, weight loss surpassed 8% without
affecting the fruits’ appearance at ambient
room temperature 25±2˚C and relative
humidity (RH) of 85±5%.
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Respiration rate was determined through
the amount of CO2 evolution using gas
chromatograph and expressed in ml/kg/hour.
The amount of CO2 increased with ripening up
to day 6 and continued to drop after the
climacteric peak. However, the untreated fruits
shown a second rise in CO2 evolved after day
6 in storage. The second increase in CO2 in
control fruits could be as a result of respiration
from the fungus spores that were growing on
the papaya peel. However, the treated fruits did
not show any rise in CO2 evolution after the
respiratory peak. This suggests that hexanal
potentially suppressed the growth of fungus
associated with papaya fruit ripening. This
result agrees with that from Lanciotti et al.
(2003) who reported that hexanal application
to apple fruit slices reduced microbial growth
and enhanced storage life. The respiration
pattern observed in papaya treated with
hexanal also partially agrees with findings
from Wills and Widjanarko (1995) who
reported respiratory peaks in papaya after five
days and an ethylene peak after one day in
ambient storage. In our study, respiratory and
climacteric peaks occurred at 75% colour
break (H0 = 1020) contrary to the 20% to 50%
colour breaks reported by these two scientists.
This difference may be a result of variations in
the research environment with respect to
climactic conditions, cultural practices, and
varieties used.
The TTA results from the current study
compare with the findings of Lazan et al. (1989)
who indicated that TTA increased with fruit
ripening until approximately 75% yellow skin
appeared and decreasing thereafter, unlike
untreated papaya ripened in normal conditions
reported by Wills and Widjanarko (1995) who
indicated that high TTA levels occur at full
yellow colour in papaya. In this study, percent
TTA ranged from 0.07% to 0.12% in control
fruits and from 0.09% to 0.14% in papaya fruits
dipped in hexanal for 5 minutes. Our values are
slightly higher than the findings by Bron et al.
(2006) who recorded a range of 0.09% to 0.12%
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on fresh Golden papaya fruits. The difference
may be, at least partly, a result of varietal
differences and production conditions.
The TSS values for fruits from AEZ IV
were significantly higher than values from
AEZ II. A study in mangos by Mendoza et al.
(1972) reported a positive relationship between
light exposure and TSS values. High
temperatures and longer exposure to sunlight
in AEZ IV could be possible causes of the
relatively higher TSS levels in papaya from
Machakos County. The overall increase in TSS
in the present study could be attributed to the
breakdown of starch to soluble sugars as
described in Kulkani and Aradhya (2005).
High beta-carotene content was recorded
during the hotter weather seasons. Pre-harvest
factors including high solar intensity cause
variations in fruits’ water accumulation and
dry matter content and which impacts the
biochemical attributes of fruits (Léchaudel and
Joas 2006). Beta-carotene content increased as
the fruit ripened due to chlorophyll
degradation and synthesis of carotenoids in the
fruit tissues (Ueda et al. 2000; Blackenship
2003). Vitamin A and vitamin C contents vary
due to genotype differences, pre-harvest
climatic conditions, cultural practices (Weston
and Barth 1997), maturity, harvesting
methods, and post-harvest handling (de Souza
et al. 2014). Lee and Kader (2000) reported a
positive correlation between light intensity and
vitamin C content. The slow rate of vitamin C
decline during storage was enhanced in
extended storage as L-ascorbic acid was
continually oxidized by a copper-containing
enzyme, known as ascorbate oxidase, in the
presence of molecular oxygen (Saari et al.
1995). This enzyme has been shown to bind to
cell walls and to be associated with soluble
proteins in the cytosol (Loewus and Loewus
1987). Since hexanal has been reported to
inhibit phospholipase D (PLD) in the cell wall,
it is likely that the reduced rate of vitamin C
decline in hexanal-treated fruits are as a result
of binding of ascorbate oxidase to the

preserved cell wall. This, however, requires
further investigation.
Our results indicate that the use of hexanal
extended papaya shelf life by 6 days, and
enhanced fruit firmness at 2% concentration
with a 5-minute dip without affecting the
biochemical attributes of papaya fruit. Hexanal
is a safe compound that can be applied easily
as a dip to improve the post-harvest shelf life
of papaya in tropical regions like Kenya. This
is a novel approach for potentially reducing the
huge post-harvest losses that occur at present.
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