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ABSTRACT

Mango is one of the most consumed fruits in Chad and several varieties are cultivated there.
However, their biochemical characteristics are still unknown. The objective of this study was to
determine the biochemical characteristics of mango varieties cultivated in Chad. Moisture, dry
matter, chlorophyll a, chlorophyll b, lycopene -carotene contents, pH and total soluble solids were
determined in ripened mango fruits with firmness between 2 and 3 kgf. The results showed that
Mangotine, José Tchad and Bangui mango varieties had a significantly higher total soluble solids
(19.37 to 20.86°Brix) and dry matter content (24.57 to 25.48%), while Maïduguri, Kent and Smith
varieties were richer in water (80.20 to 80.75%). The José Tchad variety also had the highest pH
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(4.74) and the highest -carotene content (0.11 mg/10 g). The peels of all varieties of mangoes
were richer in -carotene than their pulp. Lycopene was found in the peel and pulp of some mango
varieties, and the peel of Mangotine contain more lycopene than the pulp. The results indicated a
functional diversity of Chad mango varieties as related to some biochemical features. Furthermore,
besides the pulp, the peel of these fruits could be considered as an important alternative source of
-carotene, a precursor of vitamin A.

Keywords: Mango varieties; biochemical characteristics; functional diversity; growth regions; Chad.

1. INTRODUCTION

Mango is one of the major fruits in the tropical
and subtropical zones, where it occupies a very
important place, hence, it is considered as the
“King of fruits” [1]. The mango tree, Mangifera
indica L., belongs to the family Anacardiaceae
and is native to eastern part of the Indo-Burma
region at the foot of the Himalayas [2]. Mango is
a drupe cultivated in Chad since the colonial
period, with regard to the local varieties. On the
other hand, the improved varieties commonly
known as "grafted mangoes" were recently
introduced by the Chadian Institute of Agronomic
Research for Development which provides its
extension. More than 14 varieties of mangoes
are cultivated in Chad and their harvest usually
starts in February and culminates in March, April
and May [3]. In Chad, they are produced mainly
for local consumption in fresh and secondarily in
dried or processed form. They are very nutritious,
rich in water, mineral salts, vitamins and
carbohydrates, and also contain proteins, lipids,
carotenoids, polyphenols, omega-3 and omega-6
fatty acids [4]. However, no study exists
specifically to the best our knowledge, on the
biochemical features of mango fruits produced in
Chad.

The objective of this work was to determine the
biochemical characteristics of mango varieties
cultivated in Chad.

2. MATERIALS AND METHODS

2.1 Characteristics of Study Areas

This study was carried out during April, May and
July 2017 at the Research Unit of Applied Botany
of the Faculty of Sciences of the University of
Dschang with the mangoes harvested in the
regions of Logone Occidental, Logone Oriental,
Mandoul and Mayo Kebbi Ouest in the south of
Chad. The climate of this region is of the dry
tropical type with two seasons, e dry (October-

April) and rainy (May-September). Those regions
are covered with open forests and shrub
savannas and record rainfall up to 1,200 to
1,300 mm per year in the south [5]. Soil
analysis in different regions has shown that
they are favourable for the cultivation of mango
trees (Table 1). Mean daily temperature and
relative humidity during the mango harvest
months in the different regions are presented in
Table 2.

2.2 Plant Material

Thirteen varieties of mango (Mangifera indica L.)
cultivated in Chad were studied (4 local varieties
and 9 improved varieties). Local mango varieties
viz., Bangui, Kassai, Maiduguri and Mangotine
were included. Improved mango varieties were
consisted of Davis haden, Eldon, José Tchad,
Julie Kassawa, Keitt, Kent, Palmer, Smith and
Valencia. The varieties of local mangos are
propagated by seedling while the improved
varieties are propagated mainly by grafting.
Fruits were collected from 7 to 10 years old
mango trees in 2017. It should be noted that
among the 14 varieties cultivated in Chad [3], the
Cœur de Boeuf improved variety did not produce
in 2017 in all regions. This is why 13 varieties
were studied. Five ripe mangoes of each variety
and region were analysed, for a total of 20 fruits
per variety. Most biochemical parameters were
determined using ripe mangoes with a firmness
of 2.5 kgf. However, mature green mangoes with
firmness greater than 3.5 kgf were used to
perform qualitative thin layer chromatographic
analysis of pigments in the peel, in order to get
insight into the pigment composition of these
fruits. The firmness of the mangoes was
measured using a GY-2 SAUTER GmbH
penetrometer. The work was carried out
progressively according to the availability of the
different varieties during the months of April, May
and July 2017 at the Applied Botany Research
Unit of the Faculty of Science of Dschang
University.
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Table 1. Main characteristics of the soil of study regions

Regions Characteristics of the soil
Ca* Mg* pH

H2O
pH
KCL

CO
(%)

MO
(%)

CEC* P Ass K* Na* N

R1 0.87 0.30 6.16 4.9 3 6 9.18 20.40 0.18 0.04 203.33
R2 4.26 0.25 6.83 5.73 2 3 9.32 29.27 0.18 0.026 200
R3 0.76 0.44 6.46 5.1 2.6 5 9.33 23.68 0.11 0.013 183.33
R4 1.26 0.76 7 5.66 2.66 5 9.32 23.85 0.11 0.04 196.66
R1: Logone Occidental; R2: Logone Orientale; R3: Mandoul; R4: Mayo Kebbi Ouest; CEC: Cation exchange
capacity; OM: Organic matter; Ass P: assimilable phosphorus; pH H2O: pH which corresponds to the actual

acidity of the soil; pH: theoretical pH of soil; *: centimol of positive charges/Kg; : mg/kg sol

Table 2. Mean daily temperature and relative
humidity during the harvest months of

mangoes (April, May and July) study regions

Regions Temperature
(°C)

Humidity
(%)

Logone
Occidentale

31,71 66,83

Logone Orientale 35,66 42,86
Mandoul 35,27 43,41
Mayo Kebbi Ouest 36,6 41,5

2.3 Methods

2.3.1 Measurement of moisture, dry matter
content, pH and total soluble solids in
mango pulp extract

The determination of the moisture content (MC)
and the dry matter content (DMC) was made
according to the AOAC method [6] by placing 2
fresh fruits without their endocarp after weighing
in a New Brunswick Scientific GMBH oven at
80°C for 96 hours. MC and DMC were
respectively calculated using the following
formulae:

MC = (Ml-M2) / Ml x 100 and DMC (%) = 100 –
MC

Where, Ml: fresh matter weight, M2: weight of dry
matter.

The mango juice was obtained after grinding the
mango pulp and filtration using a polyester cloth.
This juice was used for determination of the pH
and total soluble solids. The total soluble solids
(TSS) of mango pulp in degree Brix was
determined using a 0-32% ATC Refractometer
according to the method of Navarre and Navarre
[7]. One or two drops of mango juice free of
bubbles and particles were deposited on the
prism of the refractometer.

2.3.2 Thin layer chromatography

The qualitative analysis by thin layer
chromatography of the pigments (chlorophylls
and carotenoids) of mature-green mango was
performed in two stages:

1) Extraction of pigments

It consisted of crushing 15 g of mango peel with
a little sand manually in a laboratory mortar and
pestle. Then 5 ml of chloroform-acetone (2/3, v/v)
solvents mixture was added to the sample to
extract the pigments

2) Separation of pigments by thin layer
chromatography

Five millilitres of the mobile phase constituted by
a mixture of benzene-chloroform-acetone (6/3/2,
v/v) solvents were introduced into a Pierron
cylindrical chromatography tank (10 cm height
and 6 cm in diameter). The stationary phase was
a thin layer of silica which covered an aluminium
plate (silica gel 60 F254, Merck, Darmstadt,
Germany). The crude extract was spotted 5
times with a capillary pipette at the lower end of
the aluminium plate (7 cm x 4 cm). This plate
was then deposited in a chromatography tank
containing the benzene-chloroform-acetone
mixture 6/3/2, v/v) and the tank was then covered
with an aluminium foil. After 3 to 4 minutes, the
chromatogram was taken out of the
chromatography tank when the solvent front was
at minus 0.5 cm from the top end of the plate.
Finally, the plate was visualised and
photographed. An orange spot corresponded to
carotenes, green-blue to chlorophyll a, yellow-
green to chlorophyll b, and yellow to
xanthophylls.

2.3.3 Determination of chlorophyll, lycopene,
and -carotene contents in the peel and
mango pulp

The quantitative analysis of chlorophyll, lycopene
and -carotene in the peel and the pulp of ripe
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mangoes was made using a Biochrom Libra S22
spectrophotometer. Ten grams of small pieces
(about 1cm in diameter) of mango peel and 10 g
of mango pulp were introduced separately into
test tubes, and then 10 ml of acetone-hexane
(4:6) were added to each test tube. The mixtures
were stored in a refrigerator at 4°C for 48 hours.
The optical densities of the extracts were
spectrometrically determined at 663, 645, 505
and 453 nm and the chlorophyll a, chlorophyll b,
lycopene and -carotene contents were
calculated using the formulae of Nagata, et al.
[8].

2.3.4 Experimental design

The design used in this experiment was a
Complete Randomised Design (CRD) with 13
treatments (varieties) and 20 replications.

2.3.5 Statistical analysis

The data obtained were subjected to analysis of
variance (ANOVA) using the XLSTAT 2014.5.03
(Kovach Computing Services, United Kingdom)
software. The Student-Newman-Keuls test was
used to analyse the significance of the results at
a probability threshold set at ˂ 5%.

3. RESULTS AND DISCUSSION

3.1 Fresh Peel Biochemical Characteris-
tics of Mango Varieties

Thin layer chromatographic analysis of extracts
from peels of different varieties of mature green
mangoes (firmness ˃3.5 kgf) cultivated in Chad
revealed the presence of several pigments (Fig.
1). There were different pigments in the peel of
mature mangoes, such as chlorophyll a (blue-
green), chlorophyll b (yellow-green), -carotene
(orange), lycopene (red) and xanthophylls
(yellow) as shown in the thin layer
chromatographic profile of the Bangui variety.

Ripe mango varieties cultivated in Chad had a -
Carotene content in the peel varying between of
0.03 mg/10 g and 0.11 mg/10 g. The mango peel
had a higher -carotene content than its pulp as
clear from the -carotene peel/-carotene pulp
ratio. This ratio varied from 0.93 to 5.40 mg/10 g
(Table 3). These results corroborate the study of
Moura, et al. [9] on Cassava, maize and sweet
potato and those of Chen, et al. [10] on apple.
Moura, et al. [9] reported that content and types
of carotenoids in plants depend on the pre and

Fig. 1. Thin layer chromatographic profile pigments from the peel mature green Bangui mango
variety
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post-harvesting factors, genotype, cultivation
methods, climatic conditions, ripening stage and
processing methods. Different parts of the same
plant may also contain different types and
amounts of carotenoids. For example, the peel of
the fruits is generally richer in carotenoids
compared to the pulp. -carotene is a natural
pigment responsible for the orange colour in
various fruits [11]. At the current stage of this
work, no scientific literature has evoked and
explained this important -carotene content in
the peel of mangoes. Nevertheless, the -
carotene content in the peel of mangoes would
be related to its role as the protective envelope of
the pulp and the endosperm. Carotenoid
contents are often correlated with protection
mechanisms against high sunlight [12]. In the
plant, carotenoids contribute to several major
physiological functions and contribute to the
adaptation of the plant to microclimatic variations
[13]. Thus, plant performance in physiological
and evolutionary terms is partly based on their
ability to adjust their carotenoid content at the
right time and in the right tissue [14]. It would
prevent degradation of the peel and pulp and
especially the modification of the genetic
material, contained in the nucleus and thus
ensure the maintenance of hereditary traits.
Mango varieties with a high -Carotene content
in the peel were Eldon, Davis haden, José Chad,
Julie Kassawa, Keitt, Kent, Palmer, Smith and
Valencia. These -Carotene contents found in
the peel of mango fruits could be a result of
functional diversity. Since the peel of mango has
a high level of -carotene, the consumption of
mango without its peel does not allow to fully
enjoy the virtues of this fruit. Thus, it would be
better to consume the mango with all its peel to
benefit from all its nutritional virtues.

The chlorophyll a and chlorophyll b contents
determined in the peel of ripe mango fruits varied
respectively from 0.01 mg/10 g to 0.05 mg/10 g
and from 0 to 0.02 mg/10 g (Table 3). The
chlorophyll pigments are an indicator of oxygen
production and carbon sequestration [15]. These
contents were lower than those found by
Youmbi, et al. [16] in the peels of Spondias
cytherea. These authors obtained a content of
9.3 mg/10 g for chlorophyll a and 2.3 mg/10 g for
chlorophyll b. These differences could be
explained by the specific diversity and mostly by
the degradation of chlorophylls during ripening of
mangoes. Kader [17] mentioned that during
ripening, the degradation of chlorophylls was
induced by changes in pH, oxidative conditions

and the action of chlorophyllase enzyme.
Besides, chlorophyll a content was higher than
that of chlorophyll b as Srichaikul, et al. [18]
showed in their work. Chlorophyll a and
chlorophyll b were practically absent from the
pulp of ripe mangoes grown in Chad.

The lycopene content of the peel and pulp of ripe
mangoes cultivated in Chad ranged from 0 to
5.00 g/10 g and from 0 to 6.00 g/10 g,
respectively (Tables 3 and 4). These values are
inferior to those obtained (35 g/10 g) by Shi, et
al. [19] on mangoes in Malaysia and those of
Maiani, et al. [20], which ranged from 1 to 72.4
g/10 g. These differences could be due to the
varietal diversity and degree of ripening.
According to Shi, et al. [19], lycopene content in
fresh fruit is influenced by the cultivars,
agricultural practices, maturity stage and
environmental factors. Lycopene plays the role of
antioxidant by limiting the action of reactive
oxygen species and is also involved in the
determinism of fruit colouring. Its presence in
some ripe fruits confers to tissues a yellow to red
colour and makes them attractive to pollinating
insects in flowers, or to predators for fruits to
allow seed dispersal [21]. Its degradation leads
to the formation of volatile aromatic compounds.
Thus, lycopene, a major red pigment found in
tomato and watermelon, is responsible for many
aromas such as geranial [22]. Lycopene peel
/lycopene pulp ratio varied from 0 to 8.73 (Table
3). Only the Mangotine variety showed a high
content of lycopene in the peel. Lycopene and -
carotene had a functional implication. According
to Saini, et al. [23], the biosynthesis of
carotenoids in plants has been extensively
studied; however their importance for plants and
animals is still not well established.

3.2 Fresh Pulp Biochemical Parameters
of Ripe Mango Varieties

The results in Table 4 shows that the total
soluble solids of local mango varied from 16.29
to 20.86°Brix, while that of improved mango
varieties ranged from 16.82 to 20.06°Brix. These
results are comparable to those of Kameni et al.
[24] obtained with mangoes from North
Cameroon and those of Dick et al. [25] obtained
with mangoes from North of Ivory Coast. Kameni
et al. [24] showed that total soluble solids ranged
from 15.83 to 17.17°Brix for improved mango
varieties while it was 21.67°Brix for local mango
varieties cultivated in northern Cameroon.
Furthermore, Dick et al. [25] determined total
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Table 3. Biochemical characteristics of the fresh peel of ripe mango varieties

Varieties Fresh peel biochemical characteristics
-
carotène
(mg/10 g)

lycopène
(g/10 g)

chl a
(mg/10 g)

chl b
(mg/10 g)

Peel -
carotène/pulp
-carotène

Peel lycopène
/pulp lycopène

Bangui 0.03c 3.00a 0.01ab 0.01a 3.11a 0.23b

Davis haden 0.08ab 0.00a 0.01ab 0.01a 1.31a 0.00b

Eldon 0.11a 0.00a 0.05a 0.00a 1.62a 0.00b

José Tchad 0.10ab 0.00a 0.01ab 0.00a 0.99a 0.00b

Julie
Kassawa

0.08ab 0.00a 0.03ab 0.00a 2.38a 0.00b

Kassaï 0.03c 2.00a 0.01ab 0.01a 2.24a 0.01b

Keitt 0.08ab 0.00a 0.01ab 0.00a 1.08a 0.00b

Kent 0.07ab 2.00a 0.02ab 0.01a 5.40a 0.00b

Maïduguri 0.03c 1.00a 0.02ab 0.02a 2.00a 0.00b

Mangotine 0.03c 5.00a 0.02ab 0.02a 1.26a 8.73a

Palmer 0.07b 0.00a 0.02ab 0.00a 0.93a 0.00b

Smith 0.08ab 0.00a 0.01ab 0.00a 1.62a 0.00b

Valencia 0.09ab 0.00a 0.02ab 0.00a 1.12a 0.00b

chl a: chlorophyll a; chl b: chlorophyll b.Values bearing different letters within the same column are statistically
different at 5% level according to SNK test

soluble solids values ranging from 14.2 to
20°Brix for mangoes cultivated in the north of
Ivory Coast. The similarity of results obtained in
this study with those from other authors could be
explained by the proximity of the growth regions,
the similarity of growth conditions and the degree
of ripening of mangoes used. The amount of
carbohydrate varies with cultivar and according
to leaf area and photosynthetic capacity and is
also favoured by high intensity of light [26]. It can
also be influenced by climatic conditions [27].
According to Delroise [28], the quality of a fruit
depends on the genetic factors and also on its
history, that is to say, the climatic conditions, the
characteristics of the ground and the cultural
practices involved in the methods of harvesting
and in the conditions of conservation after
harvest. The sugar content varies greatly
depending on the species and within them
depending on the variety. Local mango varieties
have usually higher carbohydrate contents than
mangoes of improved varieties. This is the case
of the variety Mangotine (the smallest caliber)
which had the highest total soluble solids (20.86
°Brix) in the present study. These results confirm
those of Kumar [29] which indicated that the
small variety "Neeludin" (93.03 cm3)
accumulated more reducing sugars (22.22°Brix)
than non-reducing sugars. In general, mango
varieties cultivated in Chad are rich in sugars.
According to Fréhaut [30], carbohydrate
accumulated in mangoes in mainly the form of
starch. During ripening, this starch is degraded
into soluble sugars (glucose, fructose and

sucrose). Mango is, therefore, an important
source of energy for human [31]. The work of
Bello-Perez, et al. [32] showed that Mango is a
climacteric fruit composed mainly of water and
carbohydrates. Fructose and sucrose are the
main sugars of mango. They are two to ten times
more present quantitatively than glucose
according to the stage of ripening. They are the
substrates that allow by the catabolic pathways
to provide the necessary energy and materials to
the cells [30]. All varieties of mangoes cultivated
in Chad have this important trait of quality. The
plant uses soluble sugars to integrate the internal
and external elements and to maintain a constant
level of certain nutritional characteristics, to
manage the hormonal processes of growth and
development and to articulate the responses to
biotic and abiotic stresses [33]. The variation of
total soluble solids between local and improved
varieties observed in the present study was an
indication of a functional diversity. Besides, these
sugars in mango (sucrose and fructose) are
absorbed quickly by the organism and are much
less hyperglycemic than most starchy foods [34].

Globally, all varieties of mangoes cultivated in
Chad had a pH between 4.46 and 4.74 (Table 4).
These values are superior to those obtained by
Kasse [35] on Senegal mangoes (3.91) and
close to those obtained by Kameni et al. [24] on
North Cameroon mangoes (3.7 and 4.2). These
differences could be explained by the stage of
ripening of the analysed fruits, because
according to Kameni et al. [24], the pH increases
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with the degree of ripening. These differences
could be also due to the endogenous properties
of the variety because the pH of mangoes with
high carbon inputs is always higher than that of
low carbon inputs [28]. This parameter would,
therefore, result from the functional diversity.
Moreover, a pH of about 3 to 8 is very favourable
to the development of yeasts and moulds [36].
Mangoes are susceptible to the development of
yeasts and moulds. Therefore, to harvest and
handle these fruits, phytosanitary and hygienic
precautions are essential to better preserve them
and minimize post-harvest losses.

The moisture content of mango varieties
cultivated in Chad ranged from 74.52 to 80.75%
(Table 4). These results are comparable to those
of Djantou [37] and Mamiro, et al. [38] who
reported the range of moisture from 77.5 to
80.1%. But, they are different from those
obtained by Othman and Mbogo [39], who
recorded moisture from 56.3 to 86.1%. This
difference could be explained by the varietal
diversity and agroclimatic conditions. On the one
hand, water is physiologically essential to the
development of the fruit; it participates in the
maintenance of structures, cellular enlargement
and allows cell movements and metabolism [28],
and on the other hand, it is at the origin of tissue
turgescence, an essential factor of quality [40].
However, the high water content of mangoes
determines the perishability of these fruits [31].
This shows that naturally, mangoes cannot be
stored for a long time under ambient temperature
conditions. Besides, the greater the amount of
water, the more the compounds such as vitamin
C, carotenoids and phenolic compounds are
diluted and are found in low concentration in the
fruit [41]. These data showed that water and
sugars had the highest contents among all the
biochemical constituents of the pulp of mango
varieties. These results are similar to those of
several authors such as Bello-Pérez, et al. [32]
on mango, and Youmbi, et al. [16] on Spondias
cytherea.

The dry matter content (DMC) of mangoes
cultivated in Chad recorded from 19.25 to
25.48% (Table 4), whereas Djantou [37] found a
DMC of 21.15% in Cameroon mangoes. These
differences could mainly be due to the varietal
diversity and pedoclimatic conditions. DMC is
one of the determinants of the quality of a fruit.
This is because several studies made it possible
to establish a correlation between the quality of a
fruit and the DMC. Indeed, Dorais [42] has
shown that a low DMC leads to a less firmness of

the fruit, a less tasty fruit, a bad post-harvest
performance and a shorter conservation. The
composition of a ripe fruit results mainly from the
amount of assimilating matter (dry matter) that
has been received and stored during the
development period [30,42]. Consequently, fruits
with low dry matter content soften faster after
harvest and their visual appearance also
deteriorates more rapidly. The increase in dry
matter content could be due to a greater loss of
water from the fruits as related to greater
transpiration but also to a higher accumulation of
solutes from photosynthesis [43]. The variability
of this quality parameter within mango varieties
cultivated in Chad would be correlated with
functional diversity.

The -carotene content of the pulp of mango
varieties cultivated in Chad varied from 0.02
mg/10 g to 0.11 mg/10 g (Table 4). Maini, et al.
[20] showed that the carotene content of mango
pulp ranged from 0.01 and 0.03 mg/10 g.
Penicaud, et al. [44] reported the composition of
some fruits and vegetables rich in β-carotene
including orange (0.001-0.014 mg/10 g), spinach
(0.09-0.19 mg/10 g), carrot (0.65-0.83 mg/10 g),
and sweet potato (0.85-0.93 mg/10 g). The -
carotene content of the pulp of mango varieties
cultivated in Chad were found to be superior to
those of Maini, et al. [20] and to those obtained
by Penicaud, et al. [44] on orange. In contrast,
the carotene content of Chad mangoes is lower
than that of carrot, spinach and potato. In
general, vegetables are a comparatively richer
source of carotenoids than fruits; however,
carotenoids from fruits are more bioavailable
than those from vegetables [23]. Climatic
conditions and growing locations also
significantly influence the content of carotenoids
in plants. High temperatures induced the
production of more carotenoids in tomatoes and
this enhancement depended on the fruit
developmental stage [45]. According to Gautier,
et al. [46], as for primary metabolites, the
composition of the fruit in secondary metabolites
such as -carotene changes with its degree of
ripening and depends on the type cultivars.
Carotenoids are essential structural components
of the photosynthetic apparatus which protect
cells against photo-oxidative damage and also
play an ecological role of attracting pollinators
and seed dispersers due to distinct colours in
leaves, flowers and fruits [23]. They also play a
role in photoprotection and stabilisation by
dissipating excess light energy in the form of
heat, thus limiting the production of free radicals
and also serving as precursors for the
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Table 4. Biochemical characteristics of the fresh pulp of ripe mango varieties

Varieties Fresh pulp biochemical charactéristics
TSS (Brix°) pH MC (%) DMC (%) -carotène

(mg/10 g)
lycopène
(g/10 g)

Bangui 19.37bc 4.62ab 75.43f 24.57ab 0.03cd 2.00a

Davis haden 18.33cd 4.46b 78.54abc 21.46def 0.07b 3.00a

Eldon 18.28cd 4.58b 76.53cd 23.47abcd 0.08b 0.00a

José Tchad 20.06ab 4.74a 74.70f 25.30a 0.11a 1.00a

Julie
Kassawa

17.13ef 4.60ab 79.71ab 20.29efg 0.05b 3.00a

Kassaï 16.29f 4.64ab 75.88ef 24.12abc 0.02cd 1.00a

Keitt 17.75de 4.61ab 79.15ab 20.85efg 0.08b 1.00a

Kent 19.61b 4.56b 80.20ab 19.80gf 0.06b 2.00a

Maïduguri 16.47ef 4.58b 80.75a 19.25g 0.02cd 0.00a

Mangotine 20.86a 4.70ab 74.52f 25.48a 0.04bc 0.00a

Palmer 18.48cd 4.64ab 77.73bc 22.27cde 0.07b 4.00a

Smith 17.09def 4.61ab 80.49ab 19.51fg 0.06b 6.00a

Valencia 16.82def 4.58b 77.32bc 22.68bcde 0.08b 0.00a

TSS: total soluble solids; MC: moisture content; DMC: dry matter content; chl a: chlorophyll a; chl b: chlorophyll b.
Values bearing different letters within the same column are statistically different at 5% level according to SNK test

biosynthesis of the phytohormone abscisic acid
(ABA) [47]. The enzymatic and non-enzymatic
products of carotenoid degradation are also
perfume and aroma, as well as the attraction or
repulsion of insects [48]. Silva and Agostini-
Costa [49] comparatively studied the content of
carotenoids in buriti fruits (Mauritia flexuosa)
grown in Cerrado and Amazon biomes. Amazon
region is characterised by higher temperatures
and humidity and dense forest vegetation,
compared to Cerrado. The result showed
significantly high total carotenoids content (52.86
mg/100 g) in fruits grown in Amazon region,
compared to the fruits grown in Cerrado (31.13
mg/100 g). These studies suggested that
exposure to high temperatures and higher
sunlight incidence may have enhanced the
carotenoids biosynthesis, to protect the fruits
from photooxidation. In human and animal
nutrition, carotenoids lead functional ingredients
[50]. In terms of food, -carotene is the essential
precursor of vitamin A, whose beneficial effects
seem to have been recognised for a very long
time. They can act as an antioxidant against free
radicals and also intervene in the regulation of
the organism's natural defences [51]. The -
carotene content is, therefore, one of the major
determinants of the organoleptic and nutritional
quality of mango. Regular consumption of
mangoes could improve the health of populations
in developing countries in general and especially
palliate vitamin A deficiency in particular. Kelly
and Alan de Brauw [52] reported that this
fruitcorrected vitamin A deficiency and reduced

diarrhoea incidence by 15% and measles
incidence by 50% in children aged six months to
five years. Further, they found that vitamin A
supplementation reduced all-cause mortality for
these children by 24%. The elimination of vitamin
A deficiency, which is a public health priority in
sub-Saharan Africa, would be effective with a
diet rich in fruits, particularly mangoes.

4. CONCLUSION

This study revealed a functional diversity of the
mango varieties cultivated in Chad, as the
biochemical characteristics of the mangoes
studied vary according to the varieties and
growing regions. The differences observed
according to the regions could be explained by
the climate and the nature of the soil. Mangotine
and José Tchad varieties cultivated in the Mayo
Kebbi Ouest region have the highest total soluble
solids. On the whole, all varieties of mangos
cultivated in Chad are rich in water and sugar.
Furthermore, it has been found that the mango
peel has a -carotene (provitamin A) content
significantly higher than its pulp. The use of
mango peel as an alternative source of
provitamin A would overcome vitamin A
deficiency, the primary cause of blindness in
developing countries. The regular consumption
of this fruit can improve the diet and therefore the
health of urban and especially rural populations.
This study constitutes a baseline database for
the biochemical characteristics of mangoes
cultivated in Chad.



Passannet et al.; AFSJ, 4(3): 1-11, 2018; Article no.AFSJ.43018

9

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Bioversity International. Tropical fruit tree
diversity, good practices for in situ and on-
farm conservation. Edited by Bhuwon
Sthapit, Hugo AHL, Ramanatha Rao V and
Arwen Bailey, London (UK) and New York,
USA; 2016.

2. Arbonnier. Arbres, arbustes et lianes des
zones sèches d’Afrique de l’ouest. Edition
CIRAD; 2002. French

3. Passannet AS, Aghofack-Nguemezi J,
Gatsing D. Diversité de variétés, de
production et de conservation de mangues
au Tchad. International Journal of
Biological and. Chemical Sciences.
2017;11(3):1145-1164. French.

4. USDA National Nutrient Database for
Standard Reference, SR-23, Fruit Reports-
2009, Mango.
(Accessed in 2010)
Available:http://www.ars.Usda.gov/SP2Use
rFiles/Place/12354500/Data/SR23/reports/
sr23fg09 pdf 7/8/2017

5. INSEED. Rapport Enquête
Démographique et de Santé Tchad 2004.
Institut National de la Statistique, des
Études Économiques et Démographiques.
ORC Macro Calverton, Maryland, USA;
2005. French

6. AOAC. Officials methods of analysis.
Association of Agricultural Chemistry.
William Horwitz 18th Edtion, Maryland,
USA; 2005.

7. Navarre JP, Navarre C. Manuel
d’œnologie. Edition J.B. Baillière Paris,
France; 2013. French

8. Nagata M, Noguchy Y, Ito H. A simple
method for estimation of alpha carotene,
beta carotene, and lycopene concentration
in carrot acetone extract. Nippon Shokuhin
Kagabu Kogabu Kaishi. 2007;54(7):351-
354.

9. Moura FFD, Miloff A, Boy E. Retention of
Provitamin A carotenoids in staplecrops
targeted for biofortification in Africa:
Cassava, maize and sweet potato. Critical
Reviews in Food Science and Nutrition.
2015;55(9):1246-1269.

10. Chen LS, Li P, Cheng L. Comparison of
thermotolerance of sun exposed peel and
shade peel of "Fuji" apple. Environmental

and Experimental Botany. 2009;66:110-
116.

11. Namitha KK, Negi PS. Chemistry and
biotechnology of carotenoids. Critical
Reviews in Food Science and Nutrition.
2010;50(8):728–760.

12. Kagy V. Effet de l’ensoleillement en pré-
récolte sur l’acquisition d’une
thermotolérance des mangues (Mangifera
indica L.). Impact sur leur réponse
physiologique aux traitements à la chaleur
en après récolte. Thèse de Doctorat en
Agronomie et Biologie de l’Université de la
Nouvelle-Calédonie; 2010. French

13. Gomez-Roldan V, Fermas S, Brewer PB,
Puech-Pagès V, Dun EA, Pillot JP, et al.
Strigolactone inhibition of shoot branching.
Nature. 2008;455:189-222.

14. Fanciullino AL, Gautier H. Enrichissement
des fruits charnus en caroténoïdes:
Exemple de la tomate et des agrumes.
Innovations Agronomiques. 2014;42:77-89.
French.

15. Kamble PN, Giri SP, Mane RS, Tiwana A.
Estimation of chlorophyll content in young
and adult leaves of some selected plants.
Universal Journal of Environmental
Research and Technology. 2015;5(6):306-
310.

16. Youmbi E, Zemboudem NM, Tonfack LB.
Changements morphologiques et
biochimiques au cours du développement
et de la maturation des fruits de Spondias
cytherea Sonn. (Anacardiaceae). Fruits.
2010;65:285–292. French.

17. Kader AA. Fruits in the global market.
Fruit quality and its biological basis.
Colombus, Sheffield Academic Press.
2002;13:1-16.

18. Srichaikul B, Bunsang R, Samappito S,
Butkhup S, Bakker G. Comparative study
of chlorophyll content in leaves of Thai
Morus alba Linn. Species. Plant Science
Research. 2011;3:17-20.

19. Shi J, Maguer ML, Bryan M. Functional
food: Biochemical & processing aspects.
Editions CRC Press LCC: Danvers, USA;
2002.

20. Maiani C, Catasta T, Cambrodón B,
Granado L. Carotenoids: Actual knowledge
on food sources, intakes, stability and
bioavailability and their protective role in
humans. Molecular Nutrition & Food
Research. 2009;53(2):194-218.

21. Vishnevetsky M, Ovadis M, Zuker A,
Vainstein A. Molecular mechanisms
underlying carotenogenesis in the



Passannet et al.; AFSJ, 4(3): 1-11, 2018; Article no.AFSJ.43018

10

chromoplast: Multilevel regulation of
carotenoid associated genes. Plant
Journal. 1999;20:423-431.

22. Triboi E, Triboi-Blondel AM. Qualité des
récoltes et sécheresse. Innovations
Agronomiques. 2008;2:131-158. French

23. Saini KR, Hariram SN, Won SP.
Carotenoids from fruits and vegetables:
Chemistry, analysis, occurrence,
bioavailability and biological activities.
Food Research International. 2015;76:735-
750.

24. Kameni A, Mbofung CM, Ngnamtam Z,
Doassema J, Hamadoua L. Aptitude au
séchage des fruits de quelques variétés de
manguiers cultivées au Cameroun. Fruits.
2003;58(2):89-98. French

25. Dick E, N’da Adopo A, Camara B, Moudioh
E. Influence of maturity stage of mango at
harvest on its ripening quality. Fruits.
2009;64:1-12.

26. Silva APF. Starch mobilization and sucrose
accumulation in the pulp of Keitt mangoes
during postharvest ripening. Journal of
Food Biochemistry. 2007;32:384-395.

27. Le Roux X, Walcoft A, Daudet S, Sinoquet
H, Chaves MM, Rodrigues A, Osorio L.
Photosynthetic light acclimatation in peach
leaves, importance of changes in mass:
Area ratio, nitrogen content, and leaf
nitrogen partitioning. Tree Physiology.
2001;21:125-139.

28. Delroise A. Caractérisation de la qualité et
étude du potentiel de maturation de la
mangue (Mangifera indica L. Lirfa) en
fonction de son stade de récolte. CIRAD
FLHOR-Pôle agroalimentaire, Ile de la
Réunion; 2003. French

29. Kumar A. Studies on phenotypic and
physico-chemical characteristics of mango
hybrids (Mangifera indica L). Thesis
Submitted to Birsa Agricultural University,
Jharhhand; 2003.

30. Fréhaut G. Etude de la composition
biochimique de la mangue (Mangifera
indica L.) en fonction de son stade de
maturité. CIRAD FHLOR-Pôle
Agroalimentaire, Ile de la Réunion; 2001.
French

31. Sawadogo-Ligani H, Traore AS.
Composition chimique et valeur nutritive de
la mangue Amélie (Mangifera indica L.) du
Burkina Faso. Journal des Sciences.
2001;1:35-39. French

32. Bello-Pérez LA, García-Suárez FJL,
Agama-Acevedo E. Mango carbohydrates.
Food. 2007;1(1):36-40.

33. Koch K. Sucrose metabolism: Regulatory
mechanisms and pivotal roles in sugar
sensing and plant development. Current
Opinion in Plant Biology. 2004;7(3):235-
246.

34. AFSSA. Agence Française de la Sécurité
Sanitaire des Aliments, Glucide et Santé:
Etat des lieux et recommandations.
France; 2004. French

35. Kasse M. Amélioration de la conservation
des mangues 4ème gamme par l’utilisation
d’un enrobage, d’un traitement
antimicrobien et du conditionnement sous
atmosphère modifiée. Thèse de Doctorat
Université Cheikh Anta Diop de Dakar,
Sénégal; 2015. French

36. Gacem M, Khelil AO, Gacemi B. Etude de
la qualité physico-chimique et mycologique
du blé tendre local et importé stocké au
niveau de l’Office Algérien
Interprofessionnel des Céréales (OAIC) de
la localité de Saida (Algérie). Algérian
Journal of Aride Environnent. 2011;1(2):
67-76. French

37. Djantou NEB. Optimisation du broyage des
mangues séchées (Mangifera indica var
Kent): Influence sur les propriétés
physicochimiques et fonctionnelles des
poudres obtenues. Thèse de Doctorat
Ph.D de l’Université de N’Gaoundéré,
Cameroun; 2006. French

38. Mamiro P, Fweja L, Chove B, Kinabo J,
George V, Mtebe K. Physical and chemical
characteristics of off vine ripened mango
(Mangifera indica L.) fruit (Dodo). African
of Journal Biotechnology. 2007;6(21):
2477-2483.

39. Othman OC, Mbogo GP. Physico-chemical
characteristics of storage-ripened mango
(Mangifera indica L.) fruits varieties of
Eastern Tanzania. Tanzanian Journal of
Sciences. 2009;35:57-65

40. Hartmann C. La sénescence des
végétaux. Hermann-Editeurs des sciences
et des arts Paris, France; 1992. French

41. Génard M, Robin C, Gautier H, Massot C,
Bénard C, Larbat R, et al. Elaboration de la
qualité du fruit: Composition en
métabolites primaires et secondaires.
Innovations Agronomiques. 2010;9:47-57.
French

42. Dorais M. Qualité de la tomate de serre.
Centre de Référence en Agriculture et
Agroalimentaire du Québec, Canada;
2001. French

43. Amrani S. Etude intégrée de l’effet de la
température sur le fonctionnement du



Passannet et al.; AFSJ, 4(3): 1-11, 2018; Article no.AFSJ.43018

11

pêcher et sa production. Master
Agrosciences, Université d’Avignon et des
pays de Vaucluse, Institut National de
Recherche Agronomique (INRA), France;
2014. French

44. Pénicaud C, Achir N, Dhuique-Mayer C,
Dornier M, Bohuon P. Degradation of β-
carotene during fruit and vegetable
processing or storage: Reaction
mechanisms and kinetic aspects. Fruits.
2011;66(6):417–440.

45. Hernández V, Hellí, P, Fenoll J, Flores P.
Increased temperature produces changes
in the bioactive composition of tomato,
depending on its developmental stage.
Journal of Agricultural and Food
Chemistry. 2015;63(9):2378–2382.

46. Gautier H, Diakou-Verdin V, Benard C,
Reich M, Buret M, Bourgaud F, et al. How
does tomato quality (sugar, acid, and
nutritional quality) vary with ripening stage,
temperature, and irradiance? Journal of
Agricultural and Food Chemistry. 2008;56:
1241-1250.

47. Dall'Osto L, Lico C, Alric J, Giuliano G,
Havaux M, Bassi R. Lutein is needed for
efficient chlorophyll triplet quenching in the

major LHCII antenna complex of higher
plants and effective photoprotection in vivo
under strong light. Plant Biology. 2006;6:
32.

48. Cuttriss AJ, Cazzonelli CI. Carotenoids.
Academic Press. 2011;58:1-36.

49. Candido TL, Silva MR, Agostini-Cocsta TS.
Bioactive compounds and antioxidant
capacity of buriti (Mauritia flexuosa L.f.)
from the Cerrado and Amazon biomes.
Food Chemistry. 2015;177:313-319.

50. Spence JT. Challenges related to the
composition of functional foods. Journal of
Food Composition and Analysis. 2006;19:
54-56.

51. Ouédraogo SO. Etude comparative de la
teneur en caroténoïdes de dix(10) types de
patates par chromatographie liquide
haute performance (HPLC). Licence
professionnalisée en analyse biomédicale,
Université de Ouagadougou, Burkina
Faso; 2002. French

52. Kelly MJ, Alan de Brauw. Using agriculture
to improve child health: Promoting
orange and sweet potatoes reduces
diarrhea. World Development. 2015;74:15–
24.

© 2018 Passannet et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:

http://prh.sdiarticle3.com/review-history/26353


