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Abstract

Mango is one of the most widely grown fruit in Nigeria, which is cultivated across the six geo-political
zones. Mango production significantly contributes to Nigeria's agricultural industry and makes the
country one of the world's and Africa’s top producers of mango. Dried mangoes are further processed to
create fruit powder and dried chips/flakes, which are then added to a variety of foods as supplement. In
addition to their nutritive benefits, finding techniques to conserve mangoes after harvest is essential. This
study was to ascertain the impact of salt pretreatment method and drying temperatures on the drying
characteristics and nutritional properties of dried mango slices. Julie mango variety of an average slice
thickness of 3 mm was dried in an oven at varied temperatures (55°C, 65°C, 75°C, 85°C, and 95°C) using
salt solution dips and control. The results of the analysis of variance showed that the temperatures and
pretreatment methods vary greatly. The quickest drying time and lowest moisture content were achieved
at 95°C. Furthermore, the nutrient analysis revealed that the pretreatment method and the temperature had
a substantial impact on the dried mango slices.
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INTRODUCTION

Mango is a valuable and popular fruit possessing
rich dietary source (carbohydrates, fiber minerals),
antioxidants such as vitamin C, carotenoids, and
phenolic compounds which have shown various
health benefits (Gamez et al. 2017, Uranga-Soto et
al. 2022). The mango plant is native to South and
Southeast Asia and are now enjoyed all over the
world. Much of the world’s mangoes come from
the Asia Pacific region, specifically India, China,
Indonesia, and Thailand and Mexico. Besides the
top producers, mangoes are also grown in countries
such as Pakistan, the Philippines, Brazil, Egypt, and
Nigeria, among others. The global production
volume of mangos, mangosteens, and guavas was a
little over 57 million metric tons in 2021, a small

increase from around 56.69 million metric tons in
2020. Mangoes are a significant commodity in
international trade, with countries exporting fresh
mangoes, mango pulp, and processed mango
products to various markets worldwide. Mango
production can face challenges such as pests,
diseases (e.g., anthracnose), and climate-related
issues like cyclones or droughts. Sustainable and
environmentally friendly mango production
practices are becoming increasingly important due
to concerns about environmental impact and
climate change. In addition to fresh mangoes, many
countries produce value-added products such as
mango juice, dried mango slices, mango puree, and
mango-based snacks. Nigeria is one of the world's
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top mango-producing countries, ranking fourth
after India, China, and Thailand etc. (Edom 2023).
The mango fruit is not only popular in Nigeria but
also in many other parts of the world due to its
delicious taste and numerous health benefits. It is a
rich source of vitamins, minerals, antioxidants, and
dietary fiber. Additionally, the mango is often used
to make different food products like juice, jams,
and pickles. States producing mango in Nigeria
include Benue, Jigawa, Plateau, Kebbi, Niger,
Kaduna, Kano, Bauchi, Sokoto, Adamawa, Taraba
and the Federal Capital Territory (FCT) with Benue
considered the highest producer (Ogah et al. 2019).
There are hundreds of mango varieties, each with
its unique flavor, aroma, and appearance. Some
varieties are more suitable for export, while others
are primarily grown for local consumption.
Mangoes can be processed into various products
such as mango pulp, juices, jams, dried fruits, and
even frozen slices. These value-added products
have a longer shelf life and can be sold even during
the off-season, reducing wastage (Ademola et al.
2013).

Different parts of the mango offer different
benefits, such as anti-inflammatory, antioxidant,
anticancer, anti-diabetic, antimicrobial, anti-
hyperlipemic, and immunomodulatory activities
(Ajila & Prasada 2013, Ediriweeraet et al. 2017,
Lauricella et al. 2017). However, mangoes are also
a great source of potassium, beta-carotene, folate,
choline, magnesium, vitamin A, and vitamin C. The
fruit's three components are the peel, pulp, and
seed. The portion of the mango that is most
frequently eaten is the pulp. Depending on the
ripening stage, it can either be consumed raw or
processed into a variety of products (Singh et al.
2022). The nutritional composition of mango pulp
mainly depends on the type/variety of the mango,
the locality and climatic conditions of its
production region, and the maturity of the fruit
(Abbasi et al. 2015, Maldonado-Celis et al. 2019).
The mango pulp contains carbohydrates (16-18%),
proteins, amino acids, lipids, organic acids, as well
as dietary fiber (Lemmens et al. 2013). Mango pulp
contains 75-85% water (Lebaka et al. 2021). In
spite of its excellence, its short harvest season and
perishable characteristics severely restrict its usage.
Mango fruit is seasonal, which causes shortages
during the offseason and surpluses during periods

of abundance (Nyangenaet al. 2019). This is related
to the limited industrial capacity for transforming
the fruit into goods with a lengthy shelf life (Andrés
et al. 2007).

There are different methods by which agricultural
products are preserved, and one of the most popular
primary ways of food preservation is dehydration.
It is defined as a process of moisture removal due
to simultaneous heat and mass transfer, with the
goal of removing water to the point where
microbial spoilage and deterioration reactions are
greatly reduced. It also provides longer shelf-life,
takes up less storage space, and is lighter to
transport. The quality of dried foods can be
enhanced by performing chemical, thermal, or
osmotic pretreatments before drying (Nyangena et
al. 2019). Choosing salt pre-treatment before
drying mango can significantly enhance the quality,
safety, and shelf-life of the dried product. Salt acts
as a preservative by reducing water activity,
inhibiting the growth of spoilage microorganisms
and pathogens, thus extending shelf-life. It also
enhances the natural flavor, balances sweetness,
and helps retain the vibrant color of the mango
slices by reducing enzymatic browning.
Additionally, salt pre-treatment can improve
texture, preserve nutrients, and reduce overall
drying time, making the process more energy-
efficient and the dried mango more appealing and
nutritious (Kumar et al. 2014). However, it is
important to carefully control the amount of salt to
avoid an overly salty taste and consider the health
implications of salt consumption. Optimizing the
pre-treatment process and selecting the proper
drying temperature and method are crucial to
ensure the benefits are maximized without
negatively  affecting the  final  product
characteristics such as color, texture, nutrient
retention, and antioxidant activity. Mango slices
lose moisture more quickly at higher temperatures,
which might result in faster drying rates. This
benefits commercial drying processes by lowering
energy consumption and processing time (Akoy
2014b). However, high drying temperature can
cause product shrinkage, browning, loss of
nutritional content, and reduced sensory quality.
Thus, manufacturers can fine-tune their processing
techniques, including pretreatment methods, slice
thickness and optimum temperature, to improve the
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nutritional value of dried mango slices. This may
involve conducting experiments to identify the
optimal combination of factors. Therefore, it is
important to study the drying method to maintain
the quality attributes of the dried mango slice.
Fruits and vegetables are dried using a variety of
techniques such as microwave, convective, and
microwave-convective (Izli & Isik 2015),
microwave and hot air dryer (Rasooli et al. 2021).
Several studies have been carried out on different
fruits and vegetables such as thin-layer drying
characteristics of mango slices (Goyal et al.2006),
effect of drying temperature on moisture content
and drying kinetics of Pleurotus florida (P. florida)

MATERIALS AND METHODS

Sample preparation

The ‘Julie’ mango variety was obtained from
“Yankaba market in Kano, Nigeria. Generally, mango
samples of uniform sizes were selected. The mangoes
were cleaned, and the premature and spoiled mangoes
were separated manually. The fruits were then
manually peeled and sliced using a stainless-steel
knife to the nearest 30 g (3 mm thickness).

Salt solution dip is one of the most common
pretreatment methods, it involves dipping the fruit
sample into a solution of salt and distilled water. The
mango slice samples of equal weight and thickness
were weighed and then dipped in a 10% salt solution
and allowed in the solution for 10 minutes ensuring
full coverage of the slices. The pretreated slices were
removed from the solution and distributed evenly
across a perforated tray, where the excess solution
was allowed to drain off for 20 minutes (Nyangena et
al. 2019).

The initial moisture content of the mango slices was
determined according to the standard method for
drying fruits and vegetables (Mohsenin 1980). The
mango fruit with an average initial moisture content
of 89.23% (w.b) was selected for the drying
experiment.

Experimental procedure

Oven drying (Dehydration method)

Fruits can be dried using a variety of techniques,
including sun, dehydration, freezing, and microwave
drying. Dehydration has been used for decades as one
of the ways of the preservation of mango fruits to
increase their shelf-life, which aims to reduce post-
harvest losses and improve food security during the
off-season (Bouba et al. 2014). In this study, the
dehydration experiments of the mango slices were

and Pleurotus sajor-caju (P. sajor-caju) (Tran et al.
2020). However, in comparison to earlier studies,
this study is distinctive since it includes more
information on pretreatment method and nutritional
properties. To obtain a high-quality product,
however, an appropriate drying technique under
ideal conditions is required. Optimal conditions
should be selected to produce high-quality dried
mango slices with desirable attributes. This paper
investigates the effect of salt pretreatment and
temperature on the drying characteristics of mango
using a hot air oven method. Five different
temperatures in conjunction with salt solution dip
pretreatment were employed for this purpose.

performed in a hot-air oven having an accuracy of +2 °C.
The experiment was conducted in 3 replications at 55 °C,
65 °C, 75 °C, 85 °C and 95 °C of drying air temperatures,
a thickness of 3 mm and salt solution dip pretreatment
method. These values were selected because they fell
within the acceptable range for drying agricultural
products. During the process, the samples were placed in
a laboratory drying oven set at a low temperature to
gradually remove moisture. This method requires careful
monitoring to prevent over-drying or burning. The
average air temperature and humidity during the drying
were 55+2 °C and 20+1%, respectively. For the
pretreatment procedure, each sample was treated with salt
solution as described in sample preparation, and a sample
for each temperature was left untreated as a control.
Throughout the experiment, the samples were weighed
every hour. By using a digital balance with an accuracy
of 0.05g, the weight loss was recorded at a specific
interval. Drying was carried out until a steady weight was
attained. The samples were stored in a desiccator during
a power outage to keep them from absorbing moisture or
losing it. To ensure the experiment's accuracy, it was
conducted three times.

Nutritional properties

In order to assess the nutritional value, proximate analysis
was used. To determine the impact of the pretreatment
procedure on the mango slice, it was carried out both
before and after the drying trials. This analysis employed
a 3 mm thick sample. The choice of temperature affects
the quality of dried mango. High temperatures can lead to
color changes, texture alterations, and flavor degradation.
Therefore, lower temperatures are often preferred for
preserving the visual and sensory qualities of dried
mango. Mangoes are a good source of vitamins and
antioxidants, but these compounds can be sensitive to
heat. Drying at high temperatures can result in nutrient
loss, particularly for heat-sensitive vitamins like vitamin
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C. Lower drying temperatures are better for
preserving the nutritional content of dried mango.
Drying at lower temperatures may result in a product
with a longer shelf life due to reduced oxidative
degradation of lipids and other compounds (Barta et
al. 2012). The nutritional properties were evaluated
using the least temperature (55°C) due to the reasons
highlighted above. Crude protein, crude fat, ash, crude
fiber, and moisture content were among the factors
identified using sample powder of the dried mango.
Moisture ratio

The difference between the initial moisture content
and the moisture content at any given time is
measured by the moisture ratio:

Moisture ratio = % X 100% 2.1

where,

Mt = Moisture content (%) at that particular time,
Mo = Moisture content (%) at time, t=0

Drying rate

The drying rate (DR) was estimated using the weight
of water removed per unit time per kilogram of dry
matter, given in kg H20/kg dm/h. The drying rate is
determined using the following equation (Doymaz
2004, Pala et al. 1996):

DR = amount of water removed
time taken

Statistical analysis

Microsoft Excel with the Analysis Toolpak add-in
was used to perform a two-factor analysis of variance
(ANOVA). This approach was employed to conduct
inferential statistics on the data and determine the
significance of mean differences. The least significant
difference (LSD) method was used to group the
means at the 0.05 probability level, with differences
considered statistically significant at P<0.05.

2.2

RESULTS AND DISCUSSION

The initial moisture content of the controlled tests
was 87.23% on a wet basis and 86.70% wet basis
after treatment with salt solution. Despite having
a high natural sugar content, mangoes can be
semi-moist up to a moisture level of 25% when
measured on a wet basis (Sunil 2020). As
expected, the drying temperature had a
significant effect on the drying characteristics of
the mango slices as shown in Figures 1 to 3.
Effect of temperature against moisture
content of untreated and treated mango slice
Mango fruit is highly perishable; therefore water
must be removed to improve preservation by
lowering water activity (Nyangena et al. 2019).

Figure 1 shows the changes in moisture content of
(@) untreated and (b) treated mango slices with
drying time at various air temperatures of 55°C,
65°C, 75°C, 85°C and 95°C at a fixed thickness (3
mm). The shape of the drying curves (Figure 1)
indicates a rapid moisture content removal from the
product at the initial stage, which later decreased
with the increase in drying time. Thus, the moisture
content decreased continually with the drying time
and temperature. The highest temperature had the
lowest moisture content of 9.14% w.b and 8.41% w.b
for the untreated and treated samples at a short drying
time of 5 h and 4 h, respectively. However, the
drying time was longer before the moisture was
removed at the lowest (55°C) temperature. It took up
to 10 hours and 7 hours for the moisture to be 11%
w.b. and 9.73% w.b. for the untreated and treated
samples, respectively. This implies that pretreatment
and temperature are among the factors affecting the
drying of mango slices. Moreover, it was discovered
that the final moisture contents of the treated samples
were lower than those of the untreated samples. This
is clear since the results could alter as a result of the
pretreatment with salt. Temperatures exceeding
70°C are normally required for high-temperature
drying, though they can reach 85°C or higher. This
approach is quicker but may result in increased
nutritional loss and flavor and texture alterations. It
is frequently used for fruits like raisins where
maintaining the appearance and texture is not as
important (Barta et al. 2012). Food products are
recognized to have extra value added when they are
dried, which also extends their shelf life. When water
is removed from a product under controlled
circumstances, the moisture content of the food is
reduced to some amount, which slows down
microbial growth, enzyme activity, and unfavorable
chemical changes (Rasooli et al. 2021). Hence it is
important to carefully select the temperature of
drying the mango slice to avoid over drying which
will affect its quality.

Effect of temperature against moisture ratio of
untreated and treated mango slice

As shown in Figure 2, the moisture ratio for the
untreated and treated mango samples is plotted as a
function of drying time. The shape of the drying
curves in Figure 2(a) and 2 (b) indicates a rapid
moisture content removal from the untreated and
treated samples at the initial stage, which later
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decreased with the increase in drying time. Thus,
the moisture ratio decreased continually with the
drying time and temperature. The time required
to reduce the moisture ratio to any given level
was dependent on the drying temperature, being
highest at 55°C and lowest at 95°C. It was
observed that the main factor influencing drying
kinetics was the drying temperature (Ahmed et
al. 2018). Thus, a higher drying temperature
produced a higher drying rate and consequently
the moisture content decreased faster. This is due
to increase of air enthalpy to the mango slices and
subsequent acceleration of water migration
within the mango slices. Therefore, a greater
drying air temperature led to a quicker drying
rate, which in turn caused the moisture content to
drop off more quickly. This is brought on by the
product’s increased rate of air heating and rapid
transfer of water within the mango slices (Akoy
2014a).

Effect of temperature against drying rate of
untreated and treated mango slice

Early drying proved to have a high moisture
removal rate, leading to a higher slope because of
the loss of free surface moisture as shown in
Figure 3. This was also reported in previous work
(Aditya et al. 2014). It can be observed that there
IS no constant rate of drying period in the drying
process of mango slices, and all the drying
process occurs in the falling rate period (Figures
3(a) and (b)), thus, an increase in temperature
resulted in reduced drying time. This indicates
that diffusion is the dominant physical
mechanisms governing moisture movement
within the mango slices. Nevertheless, the drying
temperature had an impact on the period it was
required to decrease the moisture content to a
specific level; it was greatest at 55°C and lowest
at 95°C. At 85°C, 75°C, and 65°C, respectively,
it took 6, 8 and 10 h for the untreated and 4, 5 and
6 hours for treated samples to reduce the moisture
content of mango slices from 89.23% (w.b.) to
the final moisture content <10% (w.b.). Thus, a
higher drying temperature produced a higher
drying rate and consequently the moisture

content decreased faster. Heat must be applied with
enough force to evaporate any moisture from the
product during drying, and airflow is necessary to
remove the evaporated moisture. The drying process
is governed by two main mechanisms. Moisture is
first transferred from a product's inside to its surface,
and then it is evaporated into the surrounding air
from that surface. The amount of moisture in the
product and its temperature have a significant impact
on how quickly it dries.

Effect of salt pretreatment on nutritional
properties of the mango slice

As variables such as temperature, affects the quality
of a product, so does pretreatment method. Figure 4
shows the approximate values for the treated and
untreated samples of dried mango for ash, moisture
content, dry matter, crude fiber, fat, and crude
protein. The treated samples have higher ash content,
moisture content, crude fiber and fat values than the
untreated sample does. However, the untreated
samples’ values for dry matter and crude protein are
higher than those of the treated sample. This
illustrates that pretreatment may have an effect on
some of the proximate properties of dried mango.
The ANOVA results indicated that there is a 5%
difference in the nutritional value of the dried mango
samples. The choice of pretreatment and drying
temperature can affect the texture of dried mango.
Proper pretreatment can help maintain a desirable
texture (Nyangena et al. 2019). Mangoes are a good
source of vitamin C, but it is sensitive to heat. Drying
at high temperatures can lead to significant vitamin
C loss (Shyam & Devina 2012). Low temperature
drying or freeze-drying is more effective at
preserving this vitamin. Mangoes are rich in
carotenoids, such as beta-carotene, which is a
precursor of vitamin A (Nyangena et al. 2019).
Pretreatment methods and low-temperature drying
can help preserve these vitamins content. The results
highlight how important pretreatment and
temperature are in maintaining the nutritional value
of dried mango slices. This demonstrates how the
final product's nutrient content can be directly
impacted by processing variables.

| PUBLICATION OF YUSUF MAITAMA SULE UNIVERSITY, KANO



YJPAS Vol 1,

ISSN: 3043-6184

Issue 1, Pages 55-62 Ahmad etal, 2025
100 4 100 -
—=—55°C _
~ e
< 801 e o s0d . 75C
5 B v 85
g . LR RS 95°C
RN AN
2} v = .
N BN
0] AN @ \\\ N
El A AR I\ % v\
2 \ S\ 3 \‘ :
1 '\:::‘\ e . v :\'\
\\:mx::\=:=—l\. \'\_‘\' -
0 T T T T T T 0 T T T T T T T 1
0 2 4 6 8 10 12 0 1 2 3 4 5 6 7 8
Drying time (h) Drying time (h)
Figure 1: Effect of temperature on moisture content for (a) untreated and (b) treated mango slice
samples.
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Figure 2: Effect of temperature on moisture ratio for (a) untreated and (b) treated mango slice samples.
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Figure 3: Effect of temperature on drying rate for (a) untreated and (b) treated mango slice samples.
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CONCLUSION
In conclusion, both the pre-treatment method and
drying temperature play crucial roles in

determining the quality and nutritional properties
of dried mango slices. The drying curves and the
quality of the dried product are influenced by
characteristics such as drying time, moisture
content, and temperature. While the highest
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