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An on-farm study was conducted among smallholder mango farmers in Embu County of Kenya to demonstrate the effectiveness
of simple harvest and postharvest handling practices to attain cold chain and extend mango shelf life. 'e recommended cold
chain practices were compared with common farmers' practices. 'Apple', 'Ngowe', 'Kent', and 'Tommy Atkins' harvested at the
mature green stage were used in the study. To demonstrate proper cold chain, fruits were harvested before 8 am, transported in
crates lined with dampened newspapers, precooled in an evaporative charcoal cooler, and then transferred to a Coolbot™ cold
room (10± 2°C). To demonstrate common farmers’ practices, fruits were harvested at noon, transported in open crates, and stored
at ambient room conditions (25± 7°C, 55± 15%RH). 'e air and fruit pulp temperatures were monitored regularly using
HUATO® data loggers. During the storage period, a random sample of 3 fruits (per variety) per treatment was taken after every
3 days to evaluate ripening related changes including physiological weight loss, colour, firmness, and total soluble solids. Proper
cold chain practices resulted in low fruit pulp temperature (average 11°C) compared to 25°C for fruits handled using common
practices by farmers leading to faster ripening as evidenced by lower peel/pulp colour and firmness, higher physiological weight
loss, and higher total soluble solids. For example, flesh firmness of fruits under poor cold chain practices decreased from initial
36.6N, 45.9N, 66.5N, and 46.8N to 3.1N, 2.4N, 3.2N, and 3.1N for ‘Apple’, ‘Ngowe’, ‘Kent’, and ‘Tommy Atkins’ varieties,
respectively, at the end of storage while that of fruits under proper cold chain practices reduced to 2.3N, 1.5N, 3.9N, and 2.9N,
respectively, for the four varieties at the end of storage. Overall, proper cold chain management extended mango shelf life by
18 days. Application of simple harvest and handling practices coupled with simple storage technologies can attain and maintain
the cold chain required to preserve quality and extend shelf life. 'is could increase the marketing and storage periods for later
selling and processing, respectively, of mango fruits.

1. Introduction

Mango (Mangifera indica L.) is one of the main fruits
produced in Kenya mainly for the domestic market and to a
small extent for export. It is ranked 2nd in both value and
export market after banana and avocado, respectively [1].
Mango production has increased over the past years as
evidenced by the area under production increasing by
1,452 ha from 2016 to 2017, a 3% rise. 'is increase can be
attributed to increased demand for fresh market, fruit
processing, and health concerns among the consumers [1].

However, despite the increase in production and mango’s
growing economic importance in recent years, its value has
not been fully exploited due to various factors, including
high postharvest harvest losses along the mango value chain.
It is reported that at least 40–45% of the mango fruits are lost
due to poor handling of harvest and postharvest handling
practices [2].

Mango is a highly perishable fruit with a short shelf life
after harvest. Ripening and subsequent deterioration of the
fruit are attributed to various physiological processes, in-
cluding respiration, softening, and colour changes. 'e rate
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of ripening and deterioration of the fruit due to these
physiological processes is affected by environmental factors
including temperature and relative humidity [3]. In han-
dling perishable commodities such as fruits and vegetables,
maintenance of low but safe temperatures during handling
of the produce from harvest to the end-user (cold chain) is
critical for preserving the quality. Cold chain for perishable
products is the continuous handling of the produce in cool
temperatures during postharvest handling from harvest,
collection, transport, storage, processing, and marketing
until they reach the final consumers [4]. Components of a
proper cold chain are divided into seven, namely, on-farm
cooling, initial cooling, storage, transportation, distribution,
retail, and consumer, with possible temperature manage-
ment. An increase in temperature by 10°C above optimum
increases the deterioration rate in perishable commodities 2-
3-fold. Delays between harvesting and cooling or processing
can result in quantitative losses (due to water loss and decay)
and qualitative losses (losses in flavor and nutritional
quality) [5]. Proper cold chain management reduces res-
piration thus lessens perishability, reduces transpiration and
hence lessens water loss and shriveling, reduces ethylene
production and increases resistance to ethylene action
slowing ripening and natural senescence, decreases the
activity of microorganisms, and reduces browning and loss
of texture, flavor, and nutrients [4]. Cold chains have been
used to maintain postharvest quality of fruits during ship-
ment, marketing, and storage before consumption.

Besides temperature, relative humidity is another en-
vironmental factor contributing to the deterioration of
harvested perishable produce such as fruits and vegetables.
Physiological water loss that results in shriveling contributes
significantly to the production of deterioration and post-
harvest losses in perishable commodities. At harvest, the
harvested crop may lose water due to several factors in-
cluding harvest maturity, environmental conditions and
harvest techniques, and physical injury [6]. Harvesting fruits
during hot times of the day will result in high heat load in
harvested produce, leading to high respiration and tran-
spiration and hence increased water loss during prolonged
storage [7]. 'is is due to increased vapour pressure deficit
within the produce tissue that may cause fruit cracking and
hence peel permeance allowing increased water loss after
harvest. Physiological water loss is further aggravated by
poor postharvest handling practices [6]. Low temperature
and high relative humidity are key in reducing water loss
from the fruit to the surroundings, suppress enzymatic and
respiratory activities leading to ripening and senescence, and
slow pathological activities creating a safe environment for
fruit preservation. On the contrary, high temperatures and
low relative humidity at harvest time result in water loss
causing fruits to shrivel, lowering quality [8].

Most farmers perceive cold chain management as a
complex system that requires high-cost infrastructure in-
cluding conventional cold rooms and refrigerated transport.
However, smallholder farmers can achieve the same benefits
of the conventional cold chain management practices by
applying simple harvest and postharvest handling practices
coupled with low-cost storage technologies.

Harvesting produce during cooler times of the day re-
duces heat load which would otherwise result from high
temperatures and exposure to direct sunlight during hotter
times of the day [9]. Harvesting early in the morning when
plant cells are turgid minimizes water loss and significantly
enhances shelf life and preserves quality. Studies in French
beans showed that harvesting during hotter hours lost
significantly higher water during storage [10]. Immediately
after harvest, the use of field shades to keep the produce cool
also reduces the amount of heat load in the produce. Field
shades cool produce, thus decreasing metabolic reactions in
harvested produce [11]. Harvested produce should be
transported from the field to storage immediately. Delays in
the field may expose the produce to more heat and hence
high heat load in harvested crops, affecting shelf life and
quality [10]. For produce destined for cold storage, the
longer the duration to cooling, the longer the time to at-
tainment of set storage temperature. Past studies show that a
delay by one hour between harvest and precooling causes a
loss of one day in the shelf life [12]. Precooling before cold
storage is necessary to remove field heat in harvested pro-
duce [4]. Removal of field heat by precooling reduces
postharvest decay, controls the development of physiological
disorders, and decreases metabolic activities such as respi-
ration rate and ethylene production, thus delaying ripening,
ageing, and senescence [13]. 25–30% postharvest losses are
recorded in unprecooled commercial fruits and vegetables
while only 5–10% postharvest losses are recorded for pre-
cooled produce [14]. Precooling coupled with other cool
chain practices and technologies has been used to extend
shelf life and preserve the quality of harvested tomatoes [15].

Cold storage in perishable produce can be achieved
through the application of low-cost cold storage technolo-
gies. Examples of low-cost technologies that have been used
successfully to preserve the quality of perishable produce
include the CoolbotTM cold room, solar-powered coolers,
and evaporative cooling technologies. 'e CoolbotTM cold
room is a low-cost cold storage alternative to conventional
cold rooms. 'e CoolbotTM cold room is composed of the
Coolbot™, a compatible air conditioner (AC) and an in-
sulated room. 'e CoolbotTM is an electronic gadget that
overrides the thermostat of the AC, thereby enabling it to
cool the room to lower than set temperatures (usually 18oC)
without ice buildup on the evaporator coils [16]. CoolbotTM
cold room has been utilized to extend mango’s shelf life [17]
and other produce such as turnips, potatoes, tomatoes, and
beans. 'e CoolbotTM cold room’s advantage over con-
ventional cold rooms is that it is relatively affordable
(compared to the conventional cold room), electricity-effi-
cient, and environmentally friendly [16]. For the off-grid
smallholder farmers, evaporative cooling provides a feasible
alternative. Evaporative coolers work on the principle of
evaporative cooling whereby when water held in a wetted
medium (charcoal or sand) evaporates, it draws heat from
the surroundings, creating a cooling effect [18]. Evaporative
coolers are considered feasible and appropriate for small-
holder rural farmers because they can be made from locally
available materials and the costs of running them are low.
However, the cooling achieved by evaporative coolers is
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dependent on the surrounding environment, temperature,
and relative humidity and the cooling attained is often not
low enough to slow down some of the deteriorative processes
[19]. Evaporative cooling is effective for precooling and
short-term storage of harvested produce. Different evapo-
rative coolers have been used to extend shelf life and preserve
the postharvest quality of horticultural crops such as leafy
vegetables [19] and tomato [20].

Application of cold storage technologies can extend the
marketing period of perishable produce such as mango,
thereby avoiding distress sales by smallholder farmers who
are otherwise vulnerable to middlemen. 'is study’s ob-
jective was to evaluate the effectiveness of selected cold chain
management practices and technologies to achieve effective
cooling and extend the shelf life of mango fruit.

2. Materials and Methods

2.1. StudySite. 'e study was conducted in Karurumo area (S
0°28′11.6184″ E 37°39′47.466″), Runyenjes subcounty, Embu
County in Kenya. Embu County is located in a medium
potential region, agroecological zone (AEZ) III. It receives a
total annual rainfall of averagely 1067.5mm (received twice in
a year) at an altitude of 700m–6500m above sea level, and the
temperatures range from 26°C to 35°C.

2.2. Experimental Design. Uniform mature green mango
fruits of 'Apple', 'Ngowe', 'Kent', and 'Tommy Atkins' varieties
were harvested at two different times of the day from 3 se-
lected farms. To demonstrate proper cold chain practices, all
the four mango varieties were harvested in the morning
(before 8 am) and transported to the experimental site in
crates lined with dampened newspapers to simulate evapo-
rative cooling during transit. Upon arrival at the aggregation
centre, fruits were sorted for uniformity based on size and
freedom from damage. 'ey were then precooled in an
evaporative charcoal cooler until temperatures stabilized at
22.2°C, 22.03°C, 22.1°C, and 22.07°C for 'Apple', 'Ngowe',
'Kent', and 'Tommy Atkins' varieties, respectively, and then
stored in the CoolbotTM (12± 2)°C) in open crates. In the
second harvest, in order to demonstrate farmers’ practices,
fruits of the same varieties were harvested the same day at
midday (noon) and transported to the experimental site in
open crates. At the centre, the fruits were sorted for uni-
formity and stored directly under ambient conditions
(25± 7°C), with relative humidity of 55± 15%. 'e experi-
ment was laid down as a completely randomized design
(CRD) with a factorial treatment arrangement. Factor 1 was
cold chain practices with two levels: cold chain (Treatment 1)
and no cold chain (Treatment 2). Factor 2 was variety with 4
levels: 'Apple', 'Ngowe', 'Kent', and 'Tommy Atkins'. 'e
treatments were replicated three times.

2.3. Data Collection

2.3.1. Air Temperature and Air Relative Humidity (%).
'e air temperature and percentage relative humidity inside
the CoolbotTM cold room and ambient room were regularly

monitored using HUATO® data loggers (Model HE17x,
Huato Electric Co., Ltd., Shenzhen, China) after every one
hour. 'e loggers’ data were retrieved at the end of the
experiment by downloading recorded data using HUATO®
app.

2.3.2. Pulp Temperature. 'e pulp temperature of the fruits
was recorded at harvest time, upon arrival at the centre, after
every one hour for precooled fruits till temperatures sta-
bilized, and then after every three days in both treatments.
'is was done by plunging the temperature probes’ tip into
the 3 sample fruits and measurement on the probe taken.
'e 3 measurements were averaged and presented as the
internal pulp temperature.

2.3.3. Percentage Cumulative Weight Loss. In each treat-
ment, three fruits per variety numbered 1 to 3 were used to
measure cumulative weight loss using a digital weighing
scale (Model Libror AEG-220, Shimadzu Corp., Kyoto,
Japan). 'e mango fruits’ initial weight at day 0 after harvest
was recorded; then the new weight of the same fruit on each
sampling day was noted. Data were collected every 3 days in
both treatments. Percentage cumulative weight loss was
calculated using

cumulative weight loss% �
(w1 − w2)

w1
× 100. (1)

2.3.4. Peel and Flesh Colour. Peel and flesh colour were
determined by sampling three fruits per treatment and
measuring two different spots along the equator using a
Minolta colour meter (Model CR-200, Osaka, Japan), cali-
brated with a standard white piece of paper. To access the
flesh, the three sampled fruits were cut open longitudinally
and measurements were taken at two different spots. Data
were collected every 3 days in both treatments. Colour co-
ordinates (L∗, a∗, and b∗) were obtained and then hue angles
(h°) were calculated by converting a∗ and b∗ as shown in

Hue angle(Ho) � arctan
b

a
􏼠 􏼡, for + a and + b values.

(2)

2.3.5. Peel and Flesh Firmness. 'ree fruits per treatment
were sampled and peel and flesh firmness were measured at
two different, intact, and peeled mango spots using a pen-
etrometer (Model CR-100D, Sun Scientific Co., Ltd., Japan)
fitted with a 5mm probe. For the flesh firmness, the probe
was allowed to penetrate to a depth of 1.5mm and the
corresponding force required to penetrate this depth was
determined. Data were collected every 3 days in both
treatments. Firmness was expressed as Newton (N).

2.3.6. Total Soluble Solids (TSS). 'ree fruits per treatment
were sampled and total soluble solids were determined using
an Atago hand refractometer (Model 500, Atago, Tokyo,
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Japan). On each sampling time, 3ml of the fruit juice was
extracted from three different fruits by pressing and placed
on the hand refractometer to obtain the Brix level. Data were
collected every 3 days in both treatments. 'e total soluble
solid was then expressed as oBrix.

2.3.7. Overall Shelf Life. 'emango fruits’ total shelf life was
determined by counting the number of days taken to reach
the end-stage. End-stage was based on firmness and visual
appearance at which the fruit was saleable.

2.4.DataAnalysis. 'e data collected was analyzed using the
GenStat 15th Edition statistical program. Analysis of vari-
ance (ANOVA) was used to test for significant differences
among treatments for each parameter and means separated
using Fischer’s protected least significant difference at
P � 0.05.

3. Results

3.1. Changes in Air Temperature and Percentage Relative
Humidity in the Coolbot™ Cold Room and Ambient Room.
'e initial temperature in the Coolbot™ cold room 16.9°C
was preset (10± 2)°C, which is the recommended cold
storage temperature for mango fruits. 'e preset tempera-
ture was attained within an hour and remained stable/
constant during the 24-hour observation period. In the
ambient room, the temperatures fluctuated between 24.9°C
and 32.8°C. 'e percentage relative humidity in the Cool-
bot™ cold room and ambient room ranged between 80.6%–
92.6% and 40.4%–71.5%, respectively (Figure 1).

3.2. Fruit Pulp Temperature. 'e average internal pulp
temperatures were 16.4°C and 31.4°C for fruits harvested
during the cool morning hours versus hot afternoon, re-
spectively. Upon arrival at the centre, pulp temperature of
the fruits harvested in the morning averaged 27.5°C while
that for fruits harvested at midday averaged 33.4°C. After
precooling, the pulp temperatures stabilized at 22.2°C,
22.03°C, 22.1°C, and 22.07°C for ‘Apple’, ‘Ngowe’, ‘Kent’, and
‘Tommy Atkins’ varieties, respectively, after 6 hours. 'ere
was a significant difference (P> 0.05) in pulp temperature
for fruits under proper cold chain practices and those under
farmer practices (no cold chain). However, there was no
significant difference (P> 0.05) between pulp temperatures
of the different mango varieties used in the study (Table 1).

3.3. Physiological Weight Loss (PWL). Physiological weight
loss was recorded to be high in fruits under farmer practice.
'ere was a significant difference (P> 0.05) in percentage
cumulative weight loss between fruits under proper cold
chain practices and farmer practices. At the end of storage
(days 30–33), fruits under proper cold chain practices
recorded %PWL of 11.59%, 11.15%, 12.72%, and 7.79% for
Apple, Ngowe, Kent, and Tommy Atkins varieties, respec-
tively. 'e fruits under farmer practices recorded signifi-
cantly high PWL at the end of storage (days 12–15) averaging

14.96%, 13.46%, 17.71%, and 12.96% for ‘Apple’, ‘Ngowe’,
‘Kent’, and ‘Tommy Atkins’ varieties, respectively (Table 2).

3.4. Peel and Flesh Colour. 'e peel colour of the fruits
gradually changed from green to yellow as the fruits ripened
while the flesh colour gradually changed from whitish-
yellow to full yellow. Hue angles for fruits under farmer
practices steadily decreased as the fruits ripened faster as
compared to fruits under proper cold chain practices. Peel
colour of fruits decreased from initial hue angle value of
110.33°, 130.72°, 112.28°, and 111.12° for ‘Apple’, ‘Kent’,
‘Ngowe’, and ‘Tommy Atkins’ varieties, respectively, to
73.89°, 101.29°, 77.34°, and 85.11° at the end of storage for
fruits under proper cold chain management as compared to
fruits under poor cold chain management that recorded
61.85°, 102.37°, 55.8°, and 52.30°, respectively, at the end of
storage (Table 3).

Similarly, flesh colour also decreased from initial hue
angle value of 87.19°, 89.41°, 91.22°, and 89.12° for ‘Apple’,
‘Kent’, ‘Ngowe’, and ‘Tommy Atkins’ varieties, respectively,
to 66.87°, 62.19°, 73.58°, and 64.20° at the end of storage for
fruits under proper cold chain management. On the other
hand, hues of fruits under poor cold chain management
decreased to 63.80°, 66.52°, 66.0°, and 71.95°, respectively, at
the end of storage, approximately 18 days earlier compared
to fruits under proper cold chain practice (Table 4).

3.5. Peel and Flesh Firmness. Peel and flesh firmness de-
creased gradually as the fruits ripened, irrespective of the
treatment and variety. Peel firmness of fruits under poor
cold chain practices decreased from the initial 110.2N,
153.1N, 118.5N, and 115.1N to 22.7N, 18.9N, 30.1N, and
29.6N for ‘Apple’, ‘Ngowe’, ‘Kent’, and ‘Tommy Atkins’
varieties, respectively, at the end of the storage. Fruit under
proper cold chain practices decreased to 7.7N, 6.7N, 15.9N,
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Figure 1: Differences in temperature (°C) and relative humidity
(%) in the Coolbot™ cold room and ambient room during the first
24 hours of storage.
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and 9N for ‘Apple’, ‘Ngowe’, ‘Kent’, and ‘Tommy Atkins’
varieties, respectively, at the end storage, 18 days earlier
compared to fruits under proper cold chain management
(Table 5).

Similar trends were recorded in flesh firmness of fruits
under the study. Flesh firmness of fruits under poor cold
chain practices decreased from initial 36.6N, 45.9N, 66.5N,
and 46.8N to 3.1N, 2.4N, 3.2N, and 3.1N for ‘Apple’,
‘Ngowe’, ‘Kent’, and ‘Tommy Atkins’ varieties, respectively,
at the end of storage while fruits under proper cold chain
practices decreased to 2.3N, 1.5N, 3.9N, and 2.9N for
‘Apple’, ‘Ngowe’, ‘Kent’, and ‘Tommy Atkins’ varieties, re-
spectively, on the final day of storage (Table 6).

3.6. Total Soluble Solids (TSS). Total soluble solids increased
as the fruits ripened irrespective of the treatment and variety.
'e TSS for fruits under poor cold chain practices increased
from the initial 8.47°Brix, 6.7°Brix, 5.63°Brix, and 8.7°Brix to
22.63°Brix, 20.23°Brix, 13.9°Brix, and 18.23°Brix for Apple,
Ngowe, Kent, and Tommy Atkins varieties, respectively, at
the end of storage while for fruits under proper cold chain
practices they increased to 19.43°Brix, 20.2°Brix, 14.03°Brix,
and 15.90°Brix for ‘Apple’, ‘Ngowe’, ‘Kent’, and ‘Tommy
Atkins’ varieties, respectively, at the end of storage (Table 7).

3.7. Overall Shelf Life. 'e overall shelf life was determined
by the number of days to a predetermined end-stage for the
fruits based on firmness and visual appearance at which the
fruit was saleable. Fruits under poor cold chain practices had
a shorter shelf life of 12 days for ‘Apple’, ‘Ngowe’, and
‘Tommy Atkins’ varieties and 15 days for ‘Kent’ variety. On
the other hand, fruits under proper cold chain practices had
a longer shelf life of 30 days for ‘Apple’, ‘Ngowe’, and
‘Tommy Atkins’ varieties and 33 days for ‘Kent variety’
(Figure 2).

4. Discussion

Temperature management to maintain a proper cold chain
for fresh horticultural produce is key to preserving quality
and reducing postharvest losses in perishable commodities
[21]. For smallholder horticultural farmers with limited
resources, simple harvest practices coupled with low-cost
cold storage can be used to achieve a desirable cold chain. In
the present study, the effectiveness of these practices and
technologies was evaluated in mango fruits. 'e study
evaluated proper cold chain practices or poor cold chain
practices (farmer practices) in four mango varieties, namely,
‘Apple’, ‘Ngowe’, ‘Kent’, and ‘Tommy Atkins’. 'e effect of

Table 1: Differences in pulp temperature (°C) of four mango varieties as affected by cold chain management practices.

Variety Treatment
Days in storage

Means
T0 T1 3 6 9 12 15 18 21 24 27 30 33

Apple Cold chain 16.3b 27.4c 10.9a 10.6b 11.8a 11.5a 11.5b 11.2a 11.4a 11.5ab 11.9ab 12.6b 13.2
No cold chain 31.6a 33.5a 23.5b 24.2d 24.8d 22.3c 26.7

Kent Cold chain 16.5b 27.8b 10.8a 10.5b 12a 11.4a 11.5b 11.3a 11.4a 11.7bc 12.1b 12.5ab 12.8 13.3
No cold chain 31.5a 33a 23.5b 22.9bc 23.6b 22.2c 20.7e 25.3

Ngowe Cold chain 16.3b 27.5c 11a 11.2c 12a 11.5a 10.6a 11.1a 11.8a 11.9c 11.7a 12.4a 13.3
No cold chain 31.6a 33a 23.5b 24.4de 24.3c 22.8d 26.6

Tommy Atkins Cold chain 16.3b 27.3c 11a 9.9a 11.7a 11.2a 11.3b 11.3a 11.8a 11.3a 11.9ab 12.5ab 13.1
No cold chain 31a 34a 23.6b 23.7e 24.1c 25.8b 27.0

Treat x variety (LSD 0.05) %CV 0.66 0.66 0.48 0.46 0.45 0.37 0.48 0.4 0.6 0.27 0.4 0.19 0.2
1.5 1.2 1.6 1.8 1.4 1.3 1.9 1.5 2.7 1.2 1.8 0.8 0.4

T0: pulp temperature immediately after harvest in the field; T1: pulp temperature upon arrival at the aggregation centre. Means within each column followed
by different letters differ significantly at P> 0.05.

Table 2: Changes in % cumulative weight loss of four mango varieties as affected by cold chain management practices.

Variety Treatment
Days in storage

Means
0 3 6 9 12 15 18 21 24 27 30 33

Apple Cold chain 0.00 1.66a 2.57a 3.19a 4.51a 5.00a 7.70b 8.47b 9.58b 10.62b 11.59b 5.90
No cold chain 0.00 4.09b 8.35c 11.30c 14.96b 7.74

Kent Cold chain 0.00 1.52a 3.10a 3.79a 4.57a 5.63a 7.26ab 7.99b 9.62b 10.57b 11.51b 12.72 6.52
No cold chain 0.00 3.45b 7.68bc 10.47bc 13.98b 17.71c 8.88

Ngowe Cold chain 0.00 1.75a 2.65a 3.54a 4.77a 5.58a 6.99ab 7.99b 9.22b 10.16b 11.15b 5.80
No cold chain 0.00 3.75b 8.01c 10.85bc 13.46b 7.21

Tommy Atkins Cold chain 0.00 1.76a 2.19a 2.58a 3.07a 3.90a 5.10a 5.43a 6.53a 7.19a 7.79a 4.14
No cold chain 0.00 3.62b 6.78b 9.40b 12.95b 6.55

Treat x variety (LSD 0.05) CV (%) 0.97 1.38 1.79 2.31 2 2.2 1.52 1.89 1.6 1.8 3.61
20.8 15.3 14.9 14.7 13.1 11.4 10.8 13.9 8.8 9.1 8.1

Means within each column followed by different letters differ significantly at P> 0.05.
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the two cold chain options (proper and poor cold chain) on
ripening related changes (physiological weight loss, hue
angle, firmness, and total soluble solids) and the overall shelf
life of the fruits was evaluated.

Harvest time greatly affected the pulp temperature with
fruits harvested during hotter hours of the day recording
high pulp temperatures due to high heat load. Horticultural
produce accumulates heat during harvesting and postharvest

handling, which reduces their storage quality [22]. High heat
load is one of the major causes of deterioration in harvested
commodities. Harvesting and handling the harvested pro-
duce under cool temperatures are critical for postharvest
quality preservation [12]. Harvested produce should be
precooled or cooled immediately after harvest. Fruits har-
vested during hot hours of the day should be precooled
immediately to remove field heat and slow physiological

Table 6: Changes in flesh firmness (N) of four mango varieties as affected by cold chain management practices.

Variety Treatment
Days in storage

Means
0 3 6 9 12 15 18 21 24 27 30 33

Apple Cold chain 36.55a 32.50b 31.90b 25.13c 22.85c 17.13bc 14.58abc 6.73a 5.96a 4.60ab 2.27a 18.20
No cold chain 36.55a 10.12a 6.92a 3.62a 3.13a 12.07

Kent Cold chain 66.47b 49.57d 42.57c 31.07d 20.48d 20.43d 17.50c 10.92a 9.05b 6.13b 5.85b 3.95 23.67
No cold chain 66.47b 41.78cd 11.22a 8.05ab 6.80ab 3.20ab 22.92

Ngowe Cold chain 45.98a 36.35bc 32.67b 19.13bc 11.88b 9.52abc 8.82abc 7.57a 6.02a 2.78a 1.49a 16.56
No cold chain 45.98a 6.45a 4.82a 4.68a 2.42a 12.87

Tommy Atkins Cold chain 46.75a 40.82bc 35.63b 33.02c 25.58c 18.60c 15.25bc 11.27a 6.53a 3.59a 2.95a 21.82
No cold chain 46.75a 38.22b 7.05a 6.48a 3.15ab 20.33

Treat x variety (LSD 0.05) CV
(%)

12.78 13.47 9.87 11.58 8.38 12.9 10.88 9.31 1.8 8.3 2.16 4.1
15 22 25.3 28.1 23.2 21.6 27.6 21.3 12.6 22.5 23.3 28.5

Means within each column followed by different letters differ significantly at P> 0.05.

Table 7: Changes in total soluble solids (TSS) of four mango varieties as affected by cold chain management practices.

Variety Treatment
Days in storage Means

0 3 6 9 12 15 18 21 24 27 30 33

Apple Cold chain 8.47c 8.60bc 10.03b 10.10b 10.20b 12.13b 13.13bcd 14.20bc 15.00b 15.10b 19.43b 12.40
No cold chain 8.47c 9.07bc 12.93c 13.37d 22.63g 13.29

Kent Cold chain 5.63a 6.63a 6.67a 6.80a 8.97a 9.20a 10.43a 11.17a 11.53a 13.00a 13.33a 14.03 9.78
No cold chain 5.63a 7.10bc 9.40b 11.50bc 12.80c 13.90cd 10.06

Ngowe Cold chain 6.70b 10.10c 10.93b 11.53c 14.80d 15.90e 16.63de 16.93c 17.83c 18.03c 20.20b 14.51
No cold chain 6.70b 13.67e 17.47d 19.73e 20.23f 15.56

Tommy Atkins Cold chain 8.70c 9.00b 9.33a 9.73b 10.40a 11.33cd 12.07ab 13.17ab 13.20a 14.67b 15.90a 11.59
No cold chain 8.70c 11.97d 12.23c 15.20d 18.23e 13.27

Treat x variety (LSD 0.05) CV
(%)

0.85 1.34 1.53 1.66 1.13 1.07 2.93 3.00 1.59 1.65 3.18 2.68
6.70 8.00 8.30 7.60 4.50 4.50 11.90 12.00 5.90 5.60 9.80 5.40

Means within each column followed by different letters differ significantly at P> 0.05.
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Figure 2: Overall shelf life of four mango varieties (‘Apple’, ‘Kent’, ‘Ngowe’, and ‘Tommy Atkins’) handled either under proper cold chain
management or under poor cold chain management practices. Top bars represent SE of means (P≤ 0.05).
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processes [23]. Previous studies have shown that delayed
cooling for just one hour can result in a one-day loss of shelf
life [24]. Precooled fruits have reduced metabolic activities
rate leading to quality preservation and shelf life extension
[17]. Precooling can be done either by hydrocooling, vacuum
cooling, or forced air cooling, depending on the commodity
and cost-benefit associated with it [25]. For smallholder
farmers, evaporative coolers can be used to precool fruits
and vegetables prior to refrigerated transport and storage.
Precooling also improves cold-resisting ability and mini-
mizes chilling injury on fresh produce. A rapid removal of
field heat by precooling before storage is critical for the
efficient running of the cold storage facility. Evaporative
coolers have been used to achieve cool temperatures nec-
essary for precooling and short-term storage of harvested
horticultural produce [26].

Proper cold chain management significantly reduced the
rate of ripening-related changes, including physiological
weight loss, peel and flesh colour, peel and flesh firmness,
and increase in TSS, ultimately increasing the shelf life of
mango fruits by an additional 18 days.

Although there was a gradual increase in physiological
weight loss during storage irrespective of the treatment, the
rate was slower under proper cold chain management.
Physiological weight loss in harvested commodities results
in shorter shelf life and loss of quality through wilting and
shriveling [27]. 'e higher weight loss in fruits under poor
cold chain management practices can be attributed to high
temperatures and low humidity. 'e rate of physiological
weight loss and shriveling is dependent on respiration and
transpiration and is accelerated with high temperature and
low humidity [28]. Under proper cold chain management
practices, minimal water loss through transpiration and
substrate breakdown during respiration resulted from low
temperatures and high humidity. 'is condition creates a
low vapour pressure deficit (VPD) for the fruits and the area
around the fruit, leading to slowed water loss from the fruits
to the surrounding air. Similar results of reduced water loss
under low temperatures and high humidity have been re-
ported in mango [17] and avocado [29].

Colour is an important indicator of ripeness and
freshness among fruits. In the present study, peel and flesh
color (measured as hue angle) gradually decreased as fruits
ripened irrespective of the treatment (cold chain practice)
and variety. 'e decrease in hue angles was steady in fruits
subjected to poor cold chain management practices, hence
shorter shelf life. 'e slower color change in fruits under
proper cold chainmanagement practices can be attributed to
low temperatures leading to reduced metabolic activities.
Low temperatures also slow down ethylene biosynthesis and
processes triggered by ethylene in ripening fruits chlorophyll
degradation by chlorophyll oxidase [30]. Artes et al. [31] also
attribute the colour change to delay in the biosynthesis of
anthocyanins and carotenoids resulting from the reduced
metabolic processes due to low temperatures in proper cold
chain practices. 'e inhibition of metabolic and enzymatic
reactions responsible for ripening due to low temperature
has previously been reported in mango [32] and indigenous
fruits such as Ber [33].

Peel and flesh firmness decreased as fruits ripened
irrespective of the treatment and variety. At the end-stage for
fruits under poor cold chain practices, firmness had de-
creased to less than 50% while those under proper cold chain
practices remained firmer till day 30 (’Apple’, ’Ngowe’, and
’Tommy Atkins’) and day 33 (’Kent’) varieties, respectively.
'e decrease in fruit firmness is attributed to activities of
enzymes involved in cell metabolism, depolymerization of
cell wall pectin [34]. 'e enzymes include pectin methyl-
esterase (PME), polygalacturonase (PG), endo-B-1,4-glu-
canase (EGase), and pectate lyase [35]. 'e high firmness
retention in fruits under proper cold chain management
practices results from low temperatures that could have
slowed down the activities of the enzymes involved in
ripening. Reduced transpiration in fruits under proper cold
chain due to high humidity and low temperature could also
explain the high firmness in fruits stored under such con-
ditions since they remained turgid due to minimal moisture
loss [36]. 'e finding of the present study is in line with
previous studies on the effect of low temperatures on the
firmness of mango [17] and avocado [29].

Total soluble solids increased gradually in all the treat-
ments. An increase in TSS is attributed to starch breakdown
into simple sugar as ripening progress [37]. Fruits under
poor cold chain practices had a faster increase in TSS and
over a shorter period of time as compared to those under
proper cold chain practices. For example, ’Apple’ mango
under poor cold chain practices had TSS of 22.63oBrix on
day 12, compared to 19.43oBrix on day 30 under proper cold
chain management. A high increase in TSS of fruits under
warmer conditions in poor cold chain management could be
attributed to a high respiration rate and other metabolic
activities. 'e increase can also be attributed to higher ac-
tivity on enzymes (sucrose synthase, invertase, and amylase)
involved in starch breakdown [38]. TSS is varietal-depen-
dent, hence the observed significant difference among the
four mango varieties used in the present study [36]. 'e
finding of this present study concurs with similar studies
previously done on mango [17] and grapefruit [39].

Overall, proper cold chain practices extended the shelf
life of mango fruits (all varieties) which remained saleable
until day 30 (’Apple’, ’Ngowe’, and ’Tommy Atkins’) and day
33 (’Kent’). 'is was 18 more than fruits under poor cold
chain practices. 'e shelf life of fruits under proper cold
chain practices was enhanced by a synergistic effect of
proper time of harvest, precooling, storage at low temper-
ature, and high humidity. 'is in turn reduced the rate of
ripening and deterioration of the fruits during storage.

5. Conclusion

Application of simple harvest and postharvest handling
practices coupled with simple low-cost cold storage tech-
nologies can achieve desirable cold chain in perishable
commodities such as mango. Proper cold chain practices
significantly maintained lower internal pulp temperatures
(averaging 11°C) when compared to poor cold chain
practices (averaging 25°C), thus lowering metabolic reac-
tions that still take place in harvested fruits that result in
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faster ripening and deterioration.'is can in turn extend the
shelf life of the perishable commodities and significantly
increase their marketing period while reducing postharvest
losses. Overall, proper cold chain management preserved
quality (water loss, firmness, colour, and TSS) and extended
shelf life of harvested mango fruits by 18 days more when
compared to handling practices common among small-
holder farmers. 'ese practices and technologies can be
adopted by smallholder farmers especially those doing ag-
gregation of fruits for later selling and/or processing, thus
enabling high bargaining power that results in better returns.
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