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Abstract 
Biochemical characterization was carried out on five mango varieties grown 
in Senegal, two of which are intended for export (Kent and Keitt) and three to 
local consumption, on the one hand, and to national marketing, on the other. 
It can be seen that the flavanols composition is between “0.74 ± 0.03 mg/100 
g” to “4.70 ± 0.33 mg/100 g” and the total polyphenols composition is “265.83 
± 33.70 mg gallic acid/100 g” to “834.29 ± 25.78 mg gallic acid/100 g”. This 
analysis shows that the variety Bk is richer in polyphenols followed by the va-
riety Dr then Knt and finally the lowest proportions are noted with the varie-
ties Kt and SL. The analysis of antioxidant activity shows us percentages 
ranging from “4.16% ± 2.68% inhibition” to “50.21% ± 3.91% inhibition”. It 
was noted that the SL and Knt varieties give the highest inhibition percentag-
es of “50.21 ± 3.91” and “33.97 ± 0.36” respectively. Variety Bk gives the low-
est percentage followed by variety Kt. The Dr variety is the richest in flavo-
noids “11.75 ± 0.27” followed by the SL variety “11.27 ± 0.10” and the lowest 
composition is noted in the Knt variety “1.91 ± 0.04”. For total sugars, the 
most important contents are found in the varieties: Bk “12.71 ± 0.32 mg/100 
g” followed by Dr “11.5 ± 0.33 mg/100 g” and SL “9.86 ± 0.06 mg/100 g”. This 
time the variety Kt stands out with also important proportions. For quantifi-
cation, there is a slight difference in the values obtained for the different va-
rieties studied. However, the highest values are observed in local varieties: 
“0.36 ± 0.06 g/100 g” for Bk and Dr followed by SL “0.31 ± 0.01 g/100 g”. The 
study of the mineral composition shows that the local varieties are the richest 
and the Knt variety is the poorest. The difference in composition noted with-
in the same variety can be explained by the fact that some varieties have an 
advanced maturity compared to others. 
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1. Introduction 

Mango is one of the most accessible and consumed fruits in Senegal. With the 
development of export, many local varieties are replaced by those intended for 
export so some disappear completely. The objective of this work is the biochem-
ical characterization of five mango varieties in Senegal, two of which are in-
tended for export (Kent and Keitt) and three for local consumption (Sier-
ra-leone, Diourrou and bouko diékhal). Currently in Senegal, an increase in the 
processing of local products, particularly mango, is noted thanks to the emer-
gence of new eating habits. The work contributes on the one hand to giving 
processors a better orientation and on the other hand to preserving the best va-
rieties of local mangoes. New eating habits mean that today, Senegalese mango is 
transformed into juice, nectars or dried ... Local varieties that are not intended 
for export are the most used in processing. Although Senegal is a mango pro-
ducing country, studies on the biochemical characterization of cultivated varie-
ties are almost non-existent. The objective of this theme is the biochemical cha-
racterization of Senegalese mango varieties for export and local consumption. To 
do this, we first measured total polyphenols, flavonoids and then flavonols and 
then focused on the antioxidant capacity of mango varieties, their mineral com-
position and the amount of protein they contain. These chemical families stu-
died play an essential role in terms of diet and health. For example, phenolic 
compounds are found in foods of plant origin. Their antioxidant capacity would 
protect the body’s cells from damage caused by free radicals. They would reduce 
the risk of the appearance of several diseases [1]. It is advisable to combine ani-
mal and vegetable proteins because, if the former makes it possible to cover the 
needs in essential amino acids, it is preferable to maintain a balanced ratio of es-
sential amino acids to non-essential amino acids, apparently [2]. Trace elements 
are involved in the production of certain hormones and enzymes. They help to 
protect against certain toxic substances and regulate organic functions through a 
balancing action [3]. 

2. Material and Methods 
2.1. Material 
2.1.1. Sample Origin 
The mango samples used in this work come from two areas of Senegal: Kaguitt 
village in the Ziguinchor region and Keur Mbir Ndao in the Thiès region. 

In the southern zone, four mango varieties were harvested, two of which are 
for export and two varieties specific to this locality for national marketing, which 
are highly prized by consumers. In the Niayes area, a variety intended for na-
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tional marketing was collected. 

2.1.2. Sampling Techniques 
Each variety is harvested from three feet of mango trees at three levels per man-
go tree (upper level, middle level and lower level). The varieties for export col-
lected in the southern zone are: Kent and Keitt, and the local varieties Diourou 
and Sierra-leone are collected in the southern zone and the Boukodiekhal variety 
in the Niayes zone (Photo 1). 

2.2. Physical and Chemical Analysis of the Different Samples 
2.2.1. Determination of Total Polyphenols, Flavonoids, Flavonols and 

Antioxidant Activity 
For polyphenols, the Follin-Ciocalteu method is used, which consists of oxidiz-
ing the oxidizable groups of phenols in a basic medium. Blue colored reduction 
products have an absorption intensity proportional to the amount of polyphe-
nols present. Absorptions are read at “760 nm”. In reality, this is a calibration 
method using a gallic acid solution as the reference polyphenol. From this stan-
dard solution, daughter solutions with concentrations ranging from “0.01 to 0.1 
g/l” are prepared. This will allow the DO = f (C) curve to be plotted, otherwise 
says the linear (affine) response calibration curve. Thus, the results calculated 
from the average of three tests are expressed in g gallic acid equivalents per “100 
g”, extract. To do this, “50 µl” of extract is determined using the Folin-Ciocalteu 
reagent according to the method developed [4]. The concentration of total po-
lyphenols is given by the relationship: 

( ) 100* * *
1000P d

A b vC F
a m
−

=                   (1) 

Cp: Total polyphenol content expressed in “g gallic acid equivalent/100 g”; 
A: Actual absorption of the sample; 
a: Guiding coefficient of the calibration line = “3.12”; 
b: Ordinate at the origin of the calibration line = “0.0696”; 
Fd: Dilution factor; 

 

 
Photo 1. Five mango varieties. 
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v: Extraction volume “mL”; 
m: Test sample “g”. 
The flavonoid content of the extracts is determined using the colorimetric 

method described in [5]. The results are expressed in g catechin equivalent per 
100 g of product according to the equation. 

* 100* * *
1000

m
d

A P vC f
mε

=                    (2) 

C: Total flavonoid content expressed in “g catechin equivalent/100 g”; 
A: Absorbance of the sample; 
Pm: Catechin molecular weight = “290.26 g/mol”; 
ε: Molar extinction coefficient = “10 332 L/mol∙cm”; 
Fd: Dilution factor; 
v: Extraction volume “mL”; 
m: Test sample “g”. 
Antioxidant activity was assessed with 2,2-diphenyl-1-pycrilhydrazyl (DPPH) 

according to the method described [6]. In addition, some adjustments have been 
made to this protocol. The method is based on the ability of an extract to give a 
singulet electron to the free radical DPPH of dark violet coloring to stabilize it in 
DPPH of yellow-green coloring. This activity is compared to that of a control 
antioxidant (quercetin). Thus, “2 mL” of DPPH “0.1 mM” in alcohol was intro-
duced into a test tube containing “0.5 mL” of sample. The mixture was stirred 
for five [7] minutes, then incubated at dark and room temperature for “30 mi-
nutes”. After this incubation period, the absorbance was read at “517 nm” 
against a blank “0.5 mL” sample and “2 mL” methanol using a UV spectropho-
tometer (SPECORD 200 PLUS). The antiradical activity is expressed as a per-
centage of reduced DPPH according to the equation ... 

( ) control sample

control

absorbancy bsorbancy
% =

Absorbancy
A

AAR
−

            (3) 

Also, the baobab oil concentration reducing 50% pH (IC50) is determined 
graphically on the antiradical activity (AAR) curve as a function of the oil con-
centration. 

2.2.2. Total and Reducing Sugar Conten 
For reducing sugars and total sugars, the Luff-Schoorl method is used after hy-
drolysis by HCl for “3 minutes” of boiling. The sweet liquor is hot oxidized by a 
copper-alkaline solution and the excess copper liquor is titrated by iodometry. 
At the same time, the cuproalkaline solution liquor is titled. The total sugar con-
tent, expressed in mg per 100 mL of product, is given by the relationship: 

100 100% reducing sugars
25

m d
V

= × × ×                (4) 

V: Test sample in millilitres (liquid sample); 
V0: Volume of “0.1 N” thiosulfate solution used to titrate the blank; 
V1: Volume of “0.1 N” thiosulfate solution used to titrate the sample; 

https://doi.org/10.4236/jbm.2019.77009


I. Ba et al. 
 

 

DOI: 10.4236/jbm.2019.77009 114 Journal of Biosciences and Medicines 
 

m: mass of sugar, expressed in mg, corresponding to the difference in volume 
between the blank and the sample (V0 − V1). 

d: dilution factor. 

2.2.3. Protein Content and Mineral Composition 
1) Protein content 
This European standard specifies a method for determining the nitrogen con-

tent of fruits and fruit juices using the Kjeldahl method, and a method for calcu-
lating the crude protein content. The method does not distinguish between pro-
tein nitrogen and non-protein nitrogen. For this purpose, “2 g” of pulp is mine-
ralized with “25 mL” of water, “18 mL” H2SO4 and “10 g” K2SO4 as a catalyst. 
The whole is digested at “420˚C ± 10˚C” for “2 hours” until a clear solution is 
obtained; the solution is allowed to cool before being poured into a “250 mL” 
flask which is then filled with distilled water. To quantify proteins, total nitrogen 
is measured. In order to achieve this, a vial is prepared “50 mL” volumetric 
scoop, “2 mL” double sodium potassium tartrate and “2 mL” Nessler, the pre-
viously neutralised solution is added until a colour is obtained. Orange and fi-
nally we complete it with water. 

2) Mineral composition 
To determine the mineral composition of each variety, the protocol estab-

lished [8]. For this purpose, “2 g” of pulp is weighed and burned at “550˚C” for 
“4 hours” and the capsules are recovered and cooled in a desiccator, then “10 
mL” of HCl “6 M” is added and evaporated before being filled into a “100 mL” 
flask. 

3. Results and Discussions 
3.1. Composition of Total Polyphenols and Flavonols 

Figure 1 shows the composition of total polyphenols “mg gallic acid/100 g” and 
flavonols “mg/100 g” of the five mango varieties from two areas of Senegal. 

For polyphenols, the Follin-Ciocalteu method is used, which consists of oxi-
dizing the oxidizable groups of phenols in a basic medium. 

According to various studies, we have noted that phenolic compounds are 
found throughout the plant kingdom and that they are good antioxidants be-
cause they can easily give a hydrogen atom or an electron [9] which would re-
duce oxidative stress by forming stable radicals. 

This study shows a flavonol composition between “0.74 ± 0.03 mg/100 g” to 
“4.70 ± 0.33 mg/100 g” and a total polyphenol composition of “265.83 ± 33.70 
mg gallic acid/100 g” to “834.29 ± 25.78 mg gallic acid/100 g”. 

This analysis shows that the variety Bk is richer in polyphenols followed by 
the variety Dr then Knt and finally the lowest proportions are noted with the va-
rieties Kt and SL. The consumption of mangoes could play an important protec-
tive role [10]. The total polyphenol composition of the varieties is higher than 
that found in the literature [11]. 

Since polyphenols have several sub-categories, the focus has been on flavonols. It  
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Abbreviations: SL siérra-leonne, Bk bouko diékhal, Dr diourrou, Knt kent and Kt keitt. 1 fruit picked from the upper part of the plant, 2 fruit 
picked from the middle part of the plant and 3 fruit picked from the lower part of the plant. 

Figure 1. Polyphenols and flavonols composition of mango varieties. 
 

has been reported that the consumption of flavonols would reduce the risk of 
developing cancer. For this reason, it could be the most popular variety interest-
ing in the world. 

This analysis reveals that the Dr variety has the best flavonol composition fol-
lowed by the SL variety and then the Bk variety. The variety Knt has the lowest 
composition. Mango is characterized by the presence of high amounts of poly-
phenols whose antioxidant action protects the body’s cells from damage caused 
by free radicals. They would reduce the appearance of several diseases, including 
cancers [12]. 

3.2. Flavonoid Composition and Antioxidant Activity 

In Figure 2 we have represented the results of the analysis of the antioxidant ac-
tivity “% inhibition” and flavonoid composition “mg catechin/100 g” of the five 
mango varieties. 

Antioxidant activity was evaluated with 2,2-diphenyl-1-pycrilhydrazyl (DPPH) 
according to the method described [7] and the flavonoid content of the extracts 
is determined using the colorimetric method described [6]. Since polyphenol 
richness is only a simple factor, the content into flavonoids. It was noted that the 
flavonoid composition reveals averages between “1.86 ± 0.02 mg catechin/100 g” 
and “11.75 ± 0.27 mg catechin/100 g”. The Dr variety is the richest in flavonoids 

“11.75 ± 0.27 mg catechin/100 g” followed by the SL variety “11.27 ± 0.10 mg 
catechin/100 g” and the lowest composition is noted in the Knt variety “1.91 ± 
0.04 mg catechin/100 g”. 
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Abbreviations: SL siérra-leonne, Bk bouko diékhal, Dr diourrou, Knt kent and Kt keitt. 1 fruit picked from the upper part of the plant, 2 fruit 
picked from the middle part of the plant and 3 fruit picked from the lower part of the plant. 

Figure 2. Flavonoid composition and antioxidant activity. 
 

Oxidation is a reaction that transfers electrons from a substance to an oxidiz-
ing agent. It can produce free radicals that lead to chain reactions destructive. 
An example is the action of the radical OH∙, which can react with molecules 
such as DNA, proteins, nucleotides, leading to necrosis. The antioxidants are 
molecules capable of stopping or slowing down these chain reactions by com-
bining with free radicals, thus suppressing their action. 

The analysis of antioxidant activity shows us percentages ranging from “4.16% 
± 2.68% inhibition” to “50.21% ± 3.91% inhibition”. It was noted that the SL and 
Knt varieties give the highest inhibition percentages of “50.21% ± 3.91% inhibi-
tion” and “33.97% ± 0.36% inhibition” respectively. Variety Bk gives the lowest 
percentage followed by variety Kt. 

3.3. Total Sugar, Reducing Sugar and Protein Content 

The contents of total sugars, reducing sugars and the amount of protein are re-
ported in the table. 

For reducing sugars, it has been observed that the most important contents 
are found respectively in the varieties: SL “3.83 ± 0.07 mg/100 g”, Bk “3.80 ± 0.05 
mg/100 g” and Dr “3.48 ± 0.21 mg/100 g”. Varieties Kt and Knt give the lowest 
proportions respectively “2.33 ± 0.07 mg/100 g” and “2.18 ± 0.06 mg/100 g”. 

For total sugars, the most important contents are found in the varieties: Bk “12.71 
± 0.32 mg/100 g” followed by Dr “11.5 ± 0.33 mg/100 g” and SL “9.86 ± 0.06 
mg/100 g”. This time the variety Kt stands out with also important proportions. 

This study reveals that the varieties: SL, Dr. and Bk have significant total sugar 
contents that are above the average of the varieties found in the literature. These 
three varieties mentioned above are richer in reducing sugars. Variety Knt gives 
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the lowest sugar composition which is below the average of the varieties found in 
the literature [13]. 

The Kjeldahl method was used to determine the amount of protein in the va-
rieties. The quantification of the proteins of each of the varieties studied is re-
ported in Table 1. For this quantification, there is a slight difference in the val-
ues obtained for the varieties studied. However, the highest values are observed 
in local varieties: “0.36 ± 0.06 g/100 g” for Bk and Dr. followed by SL “0.31 ± 
0.01 g/100 g”. Proteins have many functions: structural proteins (collagen), con-
tractile proteins (myosin), transport proteins (albumin), immune proteins (im-
munoglobulins), enzymatic proteins, hormones, receptors, etc. The preparation 
of these mango varieties can play an important role in protein intake. 

The protein contents of the varieties are slightly lower than those found in the 
literature [14]. 

3.4. Mineral Composition 

The mineral composition was then examined. To do this, sodium, potassium, 
calcium and magnesium levels were measured. The results are reported in Table 
2 and are expressed in “mg/100 g”. 

The adage is perfectly adapted to mineral salts and trace elements which are 
essential to life and health, yet necessary in minute quantities in the body (4; 5). 

The analysis of the composition shows disparate results for Ca2+, K+ and Na+. 
 

Table 1. Total sugar, reducing sugar and protein content. 

Varieties Reducing sugars “mg/100 g” Total sugars “mg/100 g” Proteins “g/100 g” 

SL1 3.63 ± 0.21 9.86 ± 0.06 0.24 ± 0.01 

SL2 3.83 ± 0.07 9.19 ± 0.25 0.31 ± 0.01 

SL3 2.98 ± 0.01 9.14 ± 0.31 0.27 ± 0.06 

BK1 3.70 ± 0.39 8.33 ± 0.01 0.36 ± 0.06 

BK2 3.11 ± 0.06 8.48 ± 0.22 0.20 ± 0.06 

BK3 3.80 ± 0.05 12.71 ± 0.32 0.20 ± 0.06 

Dr1 3.48 ± 0.99 9.87 ± 0.44 0.36 ± 0.06 

Dr2 3.33 ± 0.07 11.35 ± 0.38 0.24 ± 0.01 

Dr3 3.33 ± 0.16 8.58 ± 0.31 0.32 ± 0.01 

Knt1 2.18 ± 0.01 6.58 ± 0.16 0.24 ± 0.06 

Knt2 1.82 ± 0.13 2.75 ± 0.14 0.28 ± 0.01 

Knt3 1.72 ± 0.40 3.25 ± 0.38 0.20 ± 0.06 

Kt1 2.18 ± 0.06 9.52 ± 0.2 0.20 ± 0.06 

Kt2 2.33± 0.07 9.56 ± 0.28 0.28 ± 0.06 

Kt3 2.20 ± 0.39 9.54 ± 0.24 0.28 ± 0.06 

Abbreviations: SL siérra-leonne, Bk bouko diékhal, Dr diourrou, Knt kent and Kt keitt. 1 fruit picked from 
the upper part of the plant, 2 fruit picked from the middle part of the plant and 3 fruit picked from the low-
er part of the plant. 
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Table 2. Mineral composition. 

Varieties Ca2+ “mg/100 g” Mg2+ “mg/100 g” K+ “mg/100 g” Na+ “mg/100 g” 

SL1 18.39 ± 0.33 2.55 ± 0.42 21.12 ± 0.03 10.02 ± 0.02 

SL2 21.71 ± 0.32 1.15 ± 0.25 1.11 ± 0.03 0.47 ± 0.04 

SL3 37.81 ± 0.43 2.90 ± 0.42 7.87 ± 0.03 7.58 ± 0.03 

BK1 23.56 ± 0.33 3.9 ± 0.42 24 ± 0.03 10.05 ± 0.03 

BK2 14.08 ± 0.33 3.25 ± 0.22 20.56 ± 0.03 5.9 ± 0.02 

BK3 26.96 ± 0.41 5.53 ± 0.23 19.43 ± 0.03 9.63 ± 0.01 

Dr1 42.36 ± 0.32 4.67 ± 0.23 20.19 ± 0.02 15.12 ± 0.03 

Dr2 24.75 ± 0.41 2.92 ± 0.25 16.56 ± 0.02 18.15 ± 0.03 

Dr3 30.70 ± 0.41 4.66 ± 0.22 18.76 ± 0.01 10.99 ± 0.03 

Knt1 6.16 ± 0.31 0.65 ± 0.23 4.22 ± 0.02 1.49 ± 0.03 

Knt2 4.32 ± 0.31 0.69 ± 0.22 5.13 ± 0.01 1.64 ± 0.03 

Knt3 1.00 ± 0.40 0.36 ± 0.25 0.54 ± 0.02 0.38 ± 0.03 

Kt1 15.35 ± 0.33 1.56 ± 0.22 13.29 ± 0.01 5.26 ± 0.03 

Kt2 39.34 ± 0.32 2.19 ± 0.24 26.16 ± 0.02 14.29 ± 0.03 

Kt3 6.33 ± 40 1.15 ± 0.22 10.49 ± 0.02 2.08 ± 0.03 

Abbreviations: SL siérra-leonne, Bk bouko diékhal, Dr diourrou, Knt kent and Kt keitt. 1 fruit picked from 
the upper part of the plant, 2 fruit picked from the middle part of the plant and 3 fruit picked from the low-
er part of the plant. 

 
For the Ca2+ composition, we can see that the Dr1 variety is the richest “42.36 

± 0.32 mg/100 g” followed by Kt2 “39.34 ± 0.32 mg/100 g” and then SL3 “37.81 ± 
0.31 mg/100 g”. Variety Knt is the poorest variety in Ca2+ with amounts between 
“6.16 ± 0.32 mg/100 g” and “1.00 ± 0.40 mg/100 g”. 

For the composition in Mg2+ the results are quite homogeneous. Bk3 is the 
richest in Mg2+ “5.53 ± 0.23 mg/100 g” followed by Dr1 “4.60 ± 0.23 mg/100 g” 
and then the SL3 variety “2.90 ± 0.42 mg/100 g”. The Knt variety remains the 
poorest in Mg2+. For the amount of K+, variety Kt2 is the richest “26.16 ± 0.02 
mg/100 g” followed respectively by SL1 “21.12 ± 0.03 mg/100 g” and Dr1 “20.19 
± 0.02 mg/100 g”. For this quantity in K+ the variety Knt is also the poorest. For 
the analysis of the Na+ composition, it can be seen that the variety Dr2 has the 
highest amount “18.15 ± 0.03 mg/100 g” followed by Kt2 “14.29 ± 0.03 mg/100 
g” then the varieties SL1 and Bk1 “10.05 ± 0.03 mg/100 g”. The Knt variety is al-
so the poorest in Na+. The study of the mineral composition shows that the local 
varieties are the richest and the Knt variety is the poorest. The difference in 
composition noted within the same variety can be explained by the fact that 
some varieties have an advanced maturity compared to others. 

4. Conclusion 

The study of the biochemical characterization of these mango varieties has made 
it possible to identify local varieties of nutritional interest. For the polyphenol 
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composition, the two varieties SL and Bk are the richest. Compared to antioxi-
dant activity, the local variety SL gives the highest percentage of inhibition. Local 
varieties also give the best results in mineral composition and protein quantifi-
cation. These varieties, mainly intended for local consumption, were less taken 
into account in the production chain. With the development of mango exports, 
several of these varieties have disappeared in many Senegalese orchards to the 
detriment of Kent and Keitt. This analysis shows the need to carry out studies to 
enhance the value of these varieties, such as processing capacity, but also to re-
serve a place for them in the international marketing circuit. This characteriza-
tion also provides guidance to consumers. Dr mango consumption can help 
fight against aging and cancer because it is very rich in polyphenols. The Dr va-
riety has given important values for all the parameters studied so its flattening is 
essential on the one hand and it is also interesting to conduct its study in the 
field of food health on the other hand. The two remaining local varieties have 
also revealed important values but they are a little more fibrous than the Dr va-
riety which does not contain any. 
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