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ABSTRACT

Nutrient Parameters of Mangoes Produced in
the Departments of Korhogo and Sinématiali,
Northern Cote d’Ivoire

Sara Atchoumtcho Coulibaly', Abdoulaye Toure*, Ouayogode Aminata Akoubet’,
Richmond Jean-Francgois Kablan’, N’dri Marcelline Adiko®,
and Ahmont Landry Claude Kablan’

In Céte d’Ivoire, commercial mango production is concentrated in the
north. Several mango varieties are produced, but little is known about the
nutritional characteristics of their pulp, almond and peel. Therefore,
the present study was carried out to characterize these organs of seven
mango varieties produced in the Korhogo and Sinématiali departments.
Nutrient parameters were determined by measuring lipids, proteins,
carbohydrates, vitamin C, ash content, fiber content and energy value.
Lipid analysis was carried out in accordance with ISO 659. The total
protein content of mango organs was determined by the Kjeldahl method.
Ash content was in mangoes organ was obtained by muffle furnace method.
The crude fiber content of the samples was determined using the method
of Weende. The energy value was calculated using the method of Livesey
and Brown. Determination of vitamin C in the samples was based on the
reduction of 2.6 dichlorophenol-indophenol by the latter. Ash contents
ranged from 2.05% =+ 0.07% to 4.25% = 0.07%. The highest values were
obtained in the peel of the varieties Kent (Ouollo), Mademoiselle and
Amelie (Natio), followed by the peel of the varieties Palmer produced in
Natio (3.85% =+ 0.08%), Kent produced in Torgo (3.84% =+ 0.07%) and
Keitt produced in Natio (3.75% =+ 0.08%). Vitamin C content ranged from
4.33 £ 0.07 mg/100 g to 18.33 & 0.03 mg/100 g. The highest levels are found
in the pulp of the Kent (Donnonnakaha) variety and in the almond of the
Palmer variety. The almond is a significant source of lipids. Mango organs
have a very high energy value (304.71 kcal/100 g to 427.81 kcal/100 g). To
our knowledge, it is the first time this study has been carried out in Cote
d’Ivoire.
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1. INTRODUCTION
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in West Africa. National production is estimated at 150,000

Mango (Mangifera indica L.) is a climacteric fruit with
high nutritional and economic potential. Its cultivation is
adapted to different agro-ecological zones ranging from
sub-humid to semi-arid [1]. In West Africa, mango offers
numerous nutritional advantages and represents an essen-
tial source of income [2]. Mango plays an important role
in the economic development of production zones. Cote
d’Ivoire is one of the leading mango-producing countries

tonnes (t), concentrated in the north of the country [3], [4].
Cote d’Ivoire exports mainly mangoes of the Kent (80%),
Keitt (7%) and Amélie (3%) varieties [5]. The Kent vari-
ety is the most popular for export, to the detriment of
other varieties which are virtually unknown thanks to its
organoleptic and physicochemical qualities, in particular
its low water content, which gives it a long commercial
life [5].
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Apart from these three main export varieties, several
others exist in Cote d’Ivoire’s production zones [60]. These
varieties, which are little known and therefore less valued,
represent 10% of orchards in production, and are tending
to disappear in favour of the Kent variety [7]. This study
covers all the possible varieties present in the orchards
whose mango is the subject of our study. Unfortunately,
only the Kent variety exists in Sinématiali, as all the other
varieties have been grafted onto the Kent. However, in
Korhogo, precisely in Natio, apart from Kent, there are
still a few plants of six other varieties, notably Cameroun,
Zill, Amelie, Keitt, Mademoiselle and Palmer [6]. The
cultivation of cotton, once considered the main export
crop and the basis of the region’s development, has now
been abandoned in favor of cashew and mango crops [£].
Mango production and marketing play an important role
in the region’s economic development. Fruit processing
industries produce large quantities of waste, generally con-
sisting of the peel of these fruits, 45% of which comes from
mangoes [9]. The need is to recycle this fruit waste from
the fruit processing industries [10]. These agro-resources
can be incorporated into food products to partially replace
flour, fat or sugar [11]. In Cote d’Ivoire, in Korhogo to
be precise, dried mango production units generate residues
that are most often stored in the open air or abandoned
in nature, thus contributing to heavy environmental pollu-
tion. These residues, particularly the peel and almond, are
rich in nutrients and can be incorporated into the manu-
facture of compound foods [12]. Nutritionally, mango is
an essential source of provitamin A (4800 IU), vitamin C
(13 mg/100 g) and minerals [13]. The energy value of its
pulp varies from 50 to 60 calories per 100 g of fresh product
[13]. Regular consumption of mango could also be an
effective means of combating avitaminosis A [14]. Despite
the nutritional and economic importance of mango, and
the dietary interest that people attach to it, its performance
is hampered by major problems. The management of man-
goes and their by-products is still marked by significant
losses, due to the limited processing of uneaten organs
such as the peel and almond, often treated as waste, and
the neglect of other varieties. The main objective of this
study is to valorize mango organs and neglected varieties
in order to boost local economies, while minimizing the
environmental impact of mango production in production
areas. Specifically, it will assess the nutritional parameters
of the peel, pulp and almond of mangoes grown in the
Korhogo and Sinématiali departments. This analysis aims
to identify opportunities for economic and environmental
valorization of by-products, while promoting a sustainable
agricultural resource management approach. By highlight-
ing the nutritional differences between these organs, this
study will offer avenues for maximizing the economic and
ecological benefits of mango production in the Korhogo
and Sinématiali departments.

2. MATERIALS AND METHODS

2.1. Biological Materials

The biological material used consists of the various
organs (peel, pulp and almond) of mature and green
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Fig. 1. Different mangoes harvested in the Korhogo and
Sinématiali departments: (a) Amélie, (b) Kéitt, (c) Kent, (d)
Cameroun, (¢) Mademoiselle, (f) Zill, and (g) Palmer.

(unripe) mangoes (Fig. 1) harvested in the Korhogo and
Sinématiali departments during March 2023.

2.2. Technical Equipement and Apparatus

The equipment used in the laboratory analyses con-
sisted of Soxhlet extractor, precision balance (Ohaus),
drying oven (Memmert), furnace (Nabertherm), desiccator
(Duran), centrifuge (Simplex), rotary evaporator (Buchi)
and laboratory glassware

2.3. Chemicals

Solvents used are hexane and distilled water. Reagents
used are sodium hydroxide (0.1 N; 40%), sulfuric acid,
sodium sulfate, boric acid, methyl red, bromocresol green,
2,6-dichlorophenolindophenol, metaphosphoric acid and
acetic acid.

2.4. Sampling

Sampling was carried out in the Korhogo and Siné-
matiali departments during the 2023 mango season in
Cote d’Ivoire. Sampling was carried out in three different
orchards for each department using the simple random
sampling method. Mangoes were harvested at the mature
green stage. They were washed, wiped and peeled. The
various parts of the mango, notably the peel, pulp and
almond, were then sun-dried for a week on boards placed
on a support about a metre high, and ground to powder
separately. Analyses were carried out on the powder from
the various organs. In all, we have 36 samples.

2.5. Evaluation of Nutrient Parameters of Mango Organ
2.5.1. Lipid Determination
Lipid content was carried out in accordance with ISO
659[15]. 10 g of sample were weighed and introduced into a
cellulose extraction cartridge which had been tared before-
hand. The cartridge containing the sample was plugged
with cotton and placed in the Soxhlet extractor. Total lipids
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were extracted with 300 mL of hexane for seven hours
at boiling point, after which the hexane was evaporated
using a rotary evaporator. The flask containing the fat
and traces of solvent was then placed in an oven for one
hour at 103°C, then cooled in a desiccator for 30 min. The
whole batch (flask + lipids) was weighed at the end of the
operation:

Lipid (%) = (my —my) x 100

€

where
mq — mass (g) of empty balloon
m, — sample mass (g)
m; —mass (g) of total (flask + lipids) after incineration

2.5.2. Protein Determination

Total protein content of mango organ powder was deter-
mined by the Kjeldahl method [16]. This method is based
on the transformation of organic nitrogen into mineral
nitrogen in ammoniacal form (NH4),SO4 by the oxidative
action of boiling sulfuric acid on organic matter in the
presence of a catalyst:

Mineralization: 1 g of powder (m.) was mineralized in
a Kjeldahl matron at 400°C for two hours with 20 mL of
concentrated sulfuric acid in the presence of a pinch of
mineralization catalyst (sodium sulfate). The mineralizate
was cooled completely, transferred to a 100 mL flask and
made up to volume with distilled water:

Heat

Protein =
rotein 1,50,

— (NHy), SO4

Distillation: 10 mm of the diluted mineralizate were
withdrawn and added to 10 mL of 40% NaOH. The whole
was distilled for 10 min, trapping the distillate in a flask
containing 20 mL boric acid with added mixed indicator
(methyl red + bromocresol green):

(NH4)2SO4 + 2NaOH — Na>SOs + 2NH5 + 2H,0

Titration: The resulting distillate was titrated with a
0.01 N sulfuric acid solution until it turned from green to
pink (V1). A blank test (V0) was carried out. Calculation
of total protein as a percentage of dry sample mass (dry
matter):

(Vi—=Vp) x14x625xN
me

Total protein (%) =

where

6.25 — nitrogen-to-protein conversion factor

14 — molar mass of nitrogen

Vo — volume (mL) of sulfuric acid solution poured for
blank test

V| —volume (mL) of sulfuric acid solution poured for test
(sample)

N — normality of sulfuric acid solution (0.01)

m, — sample mass (g).

2.5.3. Raw Fiber Determination

Crude or insoluble fibers include cellulose, some hemi-
celluloses and lignin. The crude fiber content of the
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samples was determined using the Weende method [17]. In
this method, the sample is boiled with sulfuric acid and
then treated with sodium hydroxide. The residue obtained
is dried, then calcined and weighed. The procedure involves
introducing 2 g of sample into a beaker containing 50 mL
of 0.25 N sulfuric acid. The mixture was then boiled for
30 min. After this, 50 mL of 0.31 N sodium hydroxide
was added to the boiling mixture for 30 min. After fil-
tration, the residue was washed several times with hot
distilled water until the alkalis were completely removed.
The resulting insolubles were dried at 105°C for 8 h and
weighed (m;). This dry residue was incinerated at 550°C
in a muffle furnace previously heated to 550°C for 3 h,
and the ash was weighed (m;). The crude fiber content was
given by the following relationship:

- 1
Raw fiber (%) = M

€
where
m; —mass (g) of dried residue
m; — mass (g) of ash obtained
m, — sample mass (g)

2.5.4. Ash Content

The ash content of mango organs was determined by
the Elie method [16]. 5 g of sample were weighed into pre-
heated porcelain crucibles. The crucibles were then placed
in a muffle furnace at 550°C for 5 hours. On leaving the
furnace, the crucibles were cooled in a desiccator, before
being weighed and the percentage ash was determined
according to the following equation:

(m; —myp)

€

Ash (%) = x 100

where

mg — mass (g) of empty crucible

m; — mass (g) of the whole (crucible + ash) after
incineration

m, — flour mass (g).

2.5.5. Carbohydrate Determination

Total carbohydrate content was determined by dividing
the total matter by the other biochemical compounds using
following formula:

G (g/100 gde MS) = 100 — (H + C + P + MG)

where

G - total carbohydrate content (%)
H — moisture content (%)

P — crude protein content (%)

MG - fat content (%)

C — ash content (%)

2.5.6. Energy Value

The energy value was calculated with 4 kcal/g for carbo-
hydrates, 4 kcal/g for protein and 9 kcal/g for fat according
to the Livesey and Brown method [18]:

VE =4G + 4P+ 9IMG

where
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VE — energy value in kcal/100 g dry matter
G - total carbohydrate content

P — crude protein content

MG - fat content

2.5.7. Vitamin C Content

The method used for the determination of vitamin C in
samples was that described by Pongracz et al. [19], whose
principle is based on the reduction of 2,6 DCPIP (2,6
dichlorophenol-indophenol) by the latter.

10 g of ground sample was solubilized in 40 mL of
metaphosphoric acid-acetic acid (2%; w/v). The resulting
mixture was centrifuged at 3000 rpm for 20 min. The
supernatant was transferred to a 50 mL volumetric flask
and made up to volume with boiled distilled water, cooled
in the absence of air. A 10 mL test portion was introduced
into an Erlenmeyer flask and titrated with 2.6 DCPIP at
0.5 g/l until a persistent pink colour was obtained. The
vitamin C content of the sample was determined by the
following expression:

Caepcprp X Ve x 5
P,

VitaminC (mg/100g) = x 100

where

Ve — volume of 2,6- dichlorophenol indophenol obtained
by filtrate titration,

Caepcpip — dichlorophenol indophenol concentration
(0.5 g/l

P, — test drive

Coulibaly et al.

2.5.8. Statistical Analysis

Statistically significant differences were highlighted by
the Student-Newman-Keuls test at 0.05 risk using SPSS
version 20.0 software. Graphs were produced using Excel
2016.

3. RESULTS

3.1. Crude Fiber Content

Table I shows that crude fiber contents ranged from
1.05% 4 0.06% to 3.09% = 0.06%. The highest percentage
was obtained in peel of Cameroun variety, followed by
almond of Kent 2.93% £ 0.6% and Zill 2.91% =+ 0.6%
varieties produced at Natio. The lowest percentages were
obtained in peel and pulp of Amelie variety. In general,
mango almond contains more crude fiber than pulp and
peel respectively, with respective averages of 2.11% =+
0.64%, 1.97% =+ 0.46% and 1.87% =+ 0.74%. There is a
significant difference between different values.

3.2. Ash Content

Ash contents ranged from 2.05% =+ 0.07% to 4.25% +
0.07%. The highest values were obtained in peel of varieties
Kent (Ouollo), Mademoiselle and Amelie (Natio), fol-
lowed by peel of varieties Palmer produced at Natio (3.85%
+ 0.08%), Kent produced at Torgo (3.84% =+ 0.07%) and
Keitt produced at Natio (3.75% = 0.08%). The lowest ash
sample was obtained in pulp of Kent variety grown at
Klokakaha (Table I). Average ash levels in peel, almond
and pulp were 3.56% =+ 0.53%, 2.93% + 0.43% and 2.62%

TABLEI: NUTRITIONAL VALUE OF THE ALMOND, PEEL AND PULP OF DIFFERENT MANGO VARIETIES

Samples Mango organs Ash (%) Fibers (%)

Kent Klokakaha (Korhogo) Almond 2.8540.07° 1.89 £ 0.06°
Peel 3.54 +0.07* 1.29 £ 0.06°
Pulp 2.05+0.07° 2.24 £ 0.06"
Kent Torgo (Korhogo) Almond 3.59 £0.142 1.44 £ 0.064
Peel 3.84 £0.07% 1.29 4+ 0.06°

Pulp 2.4540.07° 1.45 + 0.064

Kent Natio (Korhogo) Almond 2.60 + 0.00° 2.93 £+ 0.06%
Peel 3.25+0.072 1.26 £+ 0.06°
Pulp 2.40 £+ 0.14°¢ 1.68 + 0.064

Palmer Natio (Korhogo) Almond 3.654+0.072 1.18 £ 0.06°
Peel 3.85+0.082 2.83 £ 0.06*
Pulp 2.50 £+ 0.14¢ 1.78 + 0.064
Keitt Natio (Korhogo) Almond 2.35+0.07° 2.64 £+ 0.06*
Peel 3.75 £ 0.082 2.30 + 0.06"
Pulp 2.20 £ 0.00° 2.34 4 0.06°
Zill Natio (Korhogo) Almond 2.60 + 0.14° 2.91 £0.06%
Peel 3.39 £+ 0.002 2.74 £+ 0.06*
Pulp 2.65 4+ 0.07° 2.24 4 0.06°

Mademoiselle Natio (Korhogo) Almond 2.74 4+ 0.08 2.12 £ 0.06°
Peel 4.25+0.07* 1.26 £ 0.06°
Pulp 2.89 4+ 0.14° 2.36 & 0.06°
Amélie Natio (Korhogo) Almond 3.30 £0.072 2.64 + 0.06%
Peel 4.04 +0.142 1.05 + 0.06°

Pulp 2.80 =+ 0.14° 1.09 £ 0.06°
Cameroun Natio (Korhogo) Almond 2.80 +£0.14° 2.59 + 0.06°
Peel 2.64 +0.07° 3.09 4 0.06
Pulp 2.2540.07° 2.49 4 0.06°
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TABLE I: CONTINUED

Samples Mango organs Ash (%) Fibers (%)

Kent Donnonnakaha (Sinématiali) Almond 2.78 4 0.12° 1.18 £ 0.06°
Peel 3.05+0.072 1.21 £ 0.06°

Pulp 2.89 +0.01° 1.43 +0.064

Kent Camonnon (Sinématiali) Almond 3.35+£0.07% 2.03 £ 0.06°
Peel 2.84 +0.07° 2.06 £ 0.06°

Pulp 3.35+0.07% 2.38 + 0.06°

Kent Ouollo (Sinématiali Almond 2.55+0.07° 1.77 £ 0.064
Peel 4.25+0.07% 2.05 £+ 0.06%

Pulp 3.05 +0.072 2.18 £ 0.06°

Average Almond 2.9340.432 2.11 & 0.64°

Peel 3.56 + 0.532 1.87 £ 0.74¢

Pulp 2.62 +0.38P 1.97 £+ 0.46°

Samples Mango organs Vitamin C(mg/100 g) Lipids (%)
Kent Klokakaha (Korhogo) Almond 10.00 £ 0.00¢ 10.05 £ 0.892
Peel 8.33 +£0.034 0.31 = 0.00°

Pulp 5.00 £ 0.00° 0.23 +0.01°
Kent Torgo (Korhogo) Almond 5.00 £ 0.00° 10.10 £ 0.892
Peel 7.50 & 0.05¢ 0.20 +0.01°

Pulp 8.33 + 0.064 0.35+0.01°
Kent Natio (Korhogo) Almond 4.33 4+ 0.07° 13.01 £0.89%
Peel 5.00 £ 0.00¢ 0.13 £0.01°

Pulp 10.00 £ 0.09¢ 0.20 + 0.00°
Palmer Natio (Korhogo) Almond 18.33 4+ 0.06* 12.21 £+ 0.892
Peel 10.00 £ 0.00¢ 0.24 +0.01°

Pulp 11.67 & 0.06¢ 0.24 + 0.00°
Keitt Natio (Korhogo) Almond 5.83 + 1.06° 14.29 +0.892
Peel 10.00 = 0.00° 0.13 +£0.01°

Pulp 12.50 + 0.00P 0.36 + 0.00°
Zill Natio (Korhogo) Almond 10.00 £ 0.00°¢ 15.15 £ 0.892
Peel 12.50 4 0.00° 0.25 =+ 0.06°

Pulp 5.33+£0.03¢ 0.26 + 0.05°

Mademoiselle Natio (Korhogo) Almond 10.00 £ 0.09¢ 15.82 + 0892
Peel 10.00 £ 0.00¢ 0.35 + 0.04°

Pulp 10.83 4+ 0.03¢ 0.29 + 0.03°
Amélie Natio (Korhogo) Almond 11.67 £ 0.06° 12.06 + 0.892
Peel 11.67 £ 0.06° 0.32 4+ 0.02°

Pulp 10.00 £ 0.00°¢ 0.27 +0.01°

Cameroun Natio (Korhogo) Almond 15.00 £ 0.00% 8.76 £ 0.892
Peel 11.67 £+ 0.03¢ 0.32 +0.01°

Pulp 10.83 £ 0.03¢ 0.18 £ 0.01°
Kent Donnonnakaha (Sinématiali) Almond 11.67 & 0.06° 11.87 £ 0.892
Peel 15.00 4 0.00? 0.44 + 0.04°

Pulp 18.33 +0.03? 0.16 + 0.03°
Kent Camonnon (Sinématiali) Almond 13.33 4 0.03 10.44 £ 0.892
Peel 8.33 4 0.03¢ 0.25 +0.01°

Pulp 12.50 £ 0.05> 0.17 £0.01°
Kent Ouollo (Sinématiali Almond 9.17 + 0.034 13.66 + 0.76*
Peel 11.67 £ 0.06¢ 0.31 £0.01°

Pulp 10.00 £ 0.00¢ 0.19 +0.01°
Average Almond 10.36 +4.10¢ 12.29 +£2.192

Peel 10.14 4 2.63¢ 0.27 £ 009P

Pulp 10.49 + 3.42¢ 0.24 4+ 0.07°

Note: Values in the same column with the same letter show no significant difference at risk p < 0.05.

+ 0.38%, respectively. There is a significant difference
between the values.

3.3. Vitamin C Content

Vitamin C contents ranged from 4.33 + 0.07 to 18.33 +
0.03 mg/100 g (Table I). The highest levels were found in

pulp of Kent (Donnonnakaha) variety and in almond of
palmer variety. The lowest content was found in almond of
Kent variety produced at Natio (Korhogo). At pulp level,
Kent from Donnonnakaha contains the most vitamin C,
followed by Keitt from Natio and Kent from Camonnon
(12.5 4+ 0.05 mg/100 g). Zill pulp (5.83 4+ 0.03 mg/100 g) is
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the least rich in vitamin C. On average, pulp contains 10.49
=+ 3.42 mg/100 g, almond 10.36 £ 4.10 mg/100 g and peel
10.14 £ 2.63 mg/100 g. There is no significant difference
between the average for almond, peel and mango pulp
at risk p < 0.05. Vitamin C averages in samples from
Sinématiali department ranged from 11.39 +2.10 to 13.61
+ 4.28, compared with 6.44 £+ 3.10 mg/100 g and 7.78 +
2.55 mg/100 g for those from Korhogo department.

3.4. Lipid Content

Peels and almond of samples analyzed had lipid contents
ranging from 0.13% + 0.01% to 0.44% + 0.04%, with
the lowest values obtained in peels of Kent and Keitt
varieties produced at Natio, and the highest in peel of Kent
variety produced at Donnonnakaha, followed by pulp of
Keitt variety (0.36% = 0.00%) produced at Natio. Except
to almonds, which show high values of 8.76% =+ 0.89%
for Cameroun and 15.82% =+ 0.89% for Mademoiselle
(Table I), mango almonds from Sinématiali department
contain more lipids, with an average of 12% =+ 1.60%,
compared with those from Korhogo department, with an
average of 11.05% =+ 1.63%. On average, of mango organs,
almond (12.29% =+ 2.19%) contains more lipids than peel
with 0.27% = 0.09% and pulp with 0.24% =+ 0.07%.

3.5. Protein Content

Protein levels in samples analyzed ranged from 2.32% =+
0.05% to 5.56% =£ 0.05%. The lowest values were obtained
in peel of Kent and pulps of Keitt and Amelie produced
at Natio. The highest values were obtained in almond of
Palmer variety at Natio and peel of Zill variety at Natio
(Table IT). The proportion of protein in almond, peel and
pulp was 4.43% =+ 0.94%, 4.24% + 0.93% and 3.86% =+
0.82%, respectively. There is a significant difference in the
protein content of the different mango organs.

3.6. Carbohydrates Content and Energy Values

Carbohydrate values ranged from 64.98% to 83.87%.
The lowest value was obtained in almond of Kent vari-
ety (Torgo). The highest value was obtained in peel of
Kent variety at Natio (Table IT). The peel contains more
carbohydrates (77.08%) than pulp (74.35%) and almond
(68.33%). Samples from Sinématiali department contained
more carbohydrates, with averages ranging from 69.03%
to 77.04%, compared with 68.78% to 75.02% for Korhogo
department. There is a significant difference between the
values.

Energy values ranged from 304.71 kcal/100 g to 427.81
kcal/100 g, with the highest value recorded for the Made-
moiselle variety, followed by the Zill variety (424.95
kcal/100 g). On the other hand, the lowest value was
obtained by the pulp of the Kent variety produced at
Torgo, followed by the pulp of Keitt (307.25 kcal/100 g).
On average, almonds have a higher energy value than peel
and pulp, with respective averages of 403.60 kcal/100 g,
331.22 kcal/100 g, and 318.27 kcal/100 g.

4. DISCUSSION

Crude fiber contents ranged from 1.05% =+ 0.06% to
3.09% = 0.06%. The highest percentage was obtained in

Coulibaly et al.

peel of Cameroun variety, followed by almonds of Kent
and Zill varieties. The lowest percentages were obtained
in peel and pulp of Amelie variety. In general, mango
almonds contain more crude fibre than pulp and peel
respectively. These values are lower than those found by
Bamba et al. [20]. These authors found values between
4.95% £ 0.02% and 5.32% =+ 0.01% with 5.22% =+ 0.13%,
4.95% £ 0.02% and 5.29% =+ 0.01% for mango almond
and peel and cashew apple respectively. Kanté-Traoré [21]
obtained values ranging from 1.87% (Amelie) to 2.77%
(Kent) of fresh pulp. Kameni et al. [22] obtained 0.7%
in pulp of Amélie variety from Cameroon. Dietary fiber
is the residue of non-digestible carbohydrates [23]. There
are insoluble and soluble fibers with specific physicochem-
ical properties. The viscosity of soluble fibers modulates
the sensation of satiety by limiting absorption of certain
metabolites, and helps lower serum cholesterol and blood
glucose levels [24]. The hydrating properties of insoluble
fibers help accelerate intestinal transit and prevent con-
stipation [25]. Dietary fiber may help prevent and control
diabetes and lower blood cholesterol levels, which is impor-
tant for preventing heart disease [24]. Thus, the low crude
fiber content of the samples studied could be beneficial for
broilers because broilers need a moderate amount of fiber
(3% to 5%) for better nutrient absorption [20].

Ash contents ranged from 2.05% =+ 0.07% to 4.25% +
0.07%. The highest values were obtained in peel of vari-
eties Kent (Ouollo), Mademoiselle and Amelie (Natio),
followed by peel of varieties Palmer produced in Natio,
Kent produced in Torgo and Keitt produced in Natio. The
sample with the lowest ash content was obtained from pulp
of Kent variety grown at Klokakaha. The peel is richer
in ash than almond and pulp respectively. Ash represents
all minerals contained in a sample [20]. The mango peel
and almond would therefore be richer in minerals than
the pulp. Ash contents in this study are higher than those
found by Kanté-Traoré [21]. Indeed, he worked on val-
orization of mango varieties produced in Burkina Faso
and obtained rates varying from 0.37% to 1.41%. The
highest rate was recorded for the Brooks variety, while the
lowest rates were recorded for the Amélie (0.37 + 0.02)
and Lippens (0.39% =+ 0.00%) varieties. Bamba et al. [20]
obtained 3.82% =+ 0.15% for cashew apple, 3.11% and
1.53% =+ 0.19% for mango peel and almond respectively.
Touré et al. [26] obtained 5.67% and 1.87%, respectively
for cashew apple and mango almond. In contrast, the ash
content determined by Sempore et al. [27] on 14 accessions
of cashew almonds from Burkina Faso averaged 2.74% +
0.39%. These differences in values could be due to climatic,
pedological conditions and the treatments applied in the
areas from which the mangoes originate [28]. It should be
noted that ash content of all samples studied is higher than
that of maize, which stands at 1.2% [29]. Mango almond
and peel (especially those from Korhogo) could represent
a good source of mineral matter for healthy body function
and animal growth [20].

Vitamin C content ranged from 4.33 &+ 0.07 mg/100 g to
18.33 £+ 0.03 mg/100 g. The highest levels were found in
pulp of Kent variety (Donnonnakaha) and in almond of
palmer variety. The lowest content was found in almond
of Kent variety produced in Natio (Korhogo). In terms
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TABLE II: NUTRITIONAL VALUE OF THE ALMOND, PEEL AND PULP OF DIFFERENT MANGO VARIETIES

Samples Mango organs Proteins (%) Carbo-hydrates (%) Energy value (%)
Kent Klokakaha (Korhogo) Almond 5.38+ 0.052 71.96° 399.832
Peel 4.16+ 0.052 76.01° 323.45P
Pulp 3.72 £0.05° 75.34P 318.34¢
Kent Torgo (Korhogo) Almond 4.24 +0.05% 64.984 367.83%
Peel 5.03 + 0.05 75.64° 324.50P
Pulp 3.89 + 0.05° 71.48° 304.71¢
Kent Natio (Korhogo) Almond 4.55 4+ 0.102 69.40¢ 412.88%
Peel 2.32 4 0.05° 83.874 345.872
Pulp 4.07 £ 0.05% 82.432 347.812
Palmer Natio (Korhogo) Almond 5.56 £ 005 67.244 401.132
Peel 3.89 + 0.052 77.73b 328.59P
Pulp 4.24 +0.05* 74.78¢ 318.24¢
Keitt Natio (Korhogo) Almond 2.84 £ 0.05° 70.52¢ 422.07%
Peel 5.43 +0.10° 75.69° 325.69P
Pulp 2.3240.05° 73.68¢ 307.25¢
Zill Natio (Korhogo) Almond 3.76 + 0.00? 68.394 424.95
Peel 5.56 £ 0.05% 77.92b 336.152
Pulp 3.81 + 0.052 78.34b 330.98P
Mademoiselle Natio Almond 5.51 &+ 0.10° 65.844 427.812
(Korhogo) Peel 4.07 £ 0.05 79.612 337.90%
Pulp 4.33 +0.05* 73.51¢ 313.98°
Amélie Natio (Korhogo) Almond 4.55 +0.10% 68.714 401.62%
Peel 3.46 + 0.05 79.55% 334.852
Pulp 2.32 4 0.05° 77.69° 322.48°
Cameroun Natio (Korhogo) Almond 5.21 +0.05% 71.76¢ 386.68%
Peel 4.16 +0.05% 78.36P 332.922
Pulp 3.98 + 0.00? 74.81¢ 316.79¢
Kent Donnonnakaha Almond 4.03 +£0.10? 71.48¢ 408.86%
(Sinématiali) Peel 433 £0.052 77.86Y 332.742
Pulp 5.25+0.10° 72.44¢ 312.20¢
Kent Camonnon Almond 2.84 +0.05° 66.504 371.382
(Sinématiali) Peel 3.46 £ 0.15° 77.93b 327.79b
Pulp 4.00 £ 0.032 73.38° 311.09¢
Kent Ouollo (Sinématiali) Almond 4.68 £ 0.05% 69.11¢ 418.122
Peel 5.03+ 0.052 75.32b 324.14b
Pulp 4.42 £0.05% 73.98¢ 315.35¢
Average Almond 4.43 +0.942 68.834 403.60%
Peel 4.24 +0.932 77.08° 331.220
Pulp 3.86 & 0.82° 74.35¢ 318.27¢

Note: Values in the same column with the same letter show no significant difference at risk p < 0.05.

of pulp, Kent from Donnonnakaha contains the most
vitamin C, followed by Keitt from Natio and Kent from
Camonnon. Zill pulp is the least rich in vitamin C. On
average, pulp contains as much vitamin C as almond and
peel. Samples from Sinématiali department contain more
vitamin C than those from Korhogo department. Vitamin
Cisrecognized for its antioxidant properties, which protect
cells and tissues of human body against free radicals [30].
It acts indirectly on activity of polyphenol oxidases (PPO)
by reducing O-quinones formed from diphenols, resulting
in inhibition of enzymatic browning [31], [32]. Ma et al.
30] obtained vitamin C contents ranging from 19.79 +
3.71 to 34.59 £+ 4.41 mg/100 g fresh pulp in 8 mango
varieties. These values are higher than ours, which could
be explained by the fact that our samples were sun-dried,
as the sun’s radiation would oxidize vitamin C [22]. They
are also unripe. In fact, Kaméni et a/ [22] evaluated the
suitability for drying of several varieties of mango grown
in Cameroon: Amélie, Zill, Irwin and Horé Wandou. They

found that sun-dried mango strips were lower in vitamin C
content than those dried in electric driers. Wills et al. [13]
worked on the Springfield variety. They demonstrated that
vitamin C levels are 3 mg/100 g when the mango is green,
rising to 13 mg/100 g as the mango ripens.

Lipids contents of peels and almonds of samples were
ranging from 0.13 £ 0.01 to 0.44 £ 0.04%, with the lowest
values in peels of Kent and Keitt varieties produced in
Natio, and the highest in peel of Kent variety produced
in Donnonnakaha, followed by pulp of Keitt variety pro-
duced in Natio. Except almonds, which show high values
ranging from 8.76% =+ 0.89% (Cameroon) to 15.82% =+
0.89% (Mademoiselle), mango almonds from Sinématiali
department contain more lipids than those from Korhogo
department. The lipid contents of mango almonds and
peels in this study agree with those found by Kiendrebeogo
et al. [33], for mango almond (7.87%-14.80%) and mango
peel (0.37%) respectively. The fat content of pulp is sim-
ilar to that obtained in mango pulp in general, which is
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0.2% [34], [35]. Wills et al. [13] obtained 0.1% for unripe
Springfield and 1.8% after ripening. Bamba ez al. [20]
obtained 1.36% =+ 0.13% and 9.15% =£ 0.07% for mango
peel and almond, 3.76% =+ 0.24% for cashew apple and
10.53% =+ 0.23% for cottonseed cake. Generally speaking,
mango pulp and peel contain very little fat. The almond
is a significant source of lipids, essential for boosting the
energy value of a food.

Protein levels in the samples analyzed ranged from 2.32
£ 0.05 to 5.56 £ 0.05%. The lowest values were obtained
in the peel of Kent and the pulps of Keitt and Amelie
produced at Natio. On the other hand, the highest values
were obtained in the almond of the Palmer variety (Natio)
and the peel of the Zill variety (Natio). The proportion
of protein in almond, peel and pulp was 4.43% =+ 0.94%,
4.24% =+ 0.93% and 3.86% =+ 0.82%, respectively. This
difference in values is thought to be linked to the mango
variety [20].The protein content of mango organs is low,
however, and these values fall within the range of protein
contents (3% and 10%) of mango organs from various
countries [33], [36], [37]. These values are lower than those
obtained by Meité er al. [38] on wheat, with a value of
10.09 £ 0.09 g/100 g. This means that the various mango
organs cannot be used as fortifiers for protein-poor foods.
The recommended daily intake of protein for children is
between 23.0 and 36.0 g, and for adults between 44 and
56 g [39]. Mango almond, peel and pulp are therefore a
negligible source of vegetable protein.

Carbohydrate values ranged from 64.98% to 83.87%.
The lowest value was obtained in almond of Kent (Torgo)
variety. The highest value was obtained in peel of Kent
(Natio) variety. Samples from Sinématiali department con-
tain more carbohydrates. The almond is organ with the
lowest carbohydrate content. This could be due to the fact
that it contains more lipids. Bamba et al. [20] obtained
79.56 £+ 0.32 g/100 g, 73.96 + 1.59 g/100 g, and 69.33 +
1.79 g/100 g for mango peel, almond and cashew apple
respectively. Touré et al. [26] obtained 60.59% for cashew
apple, 63.34% for mango almond and 62.86% for mango
peel. Our values are higher than those for white corn
(66.57%) and yellow corn (73.8%), with the exception of
the almond [29]. The high carbohydrate content is linked
to the cellulose walls of the various organs, where fibers
and starch are found in abundance [20]. These by-products
(almond and peel) could therefore be used to replace corn
in broiler feeds.

Energy value varies between 304.71 kcal/100 g and
427.81 kcal/100 g, with the highest energy value recorded
for Mademoiselle almond, followed by Zill variety. The
lowest value was obtained in pulp of Kent variety produced
at Torgo, followed by pulp of Keitt. On average, almond
has a higher energy value than peel and pulp. These val-
ues are well above the 280 kcal/100 g recommended by
INRA [40] for the choice of raw materials in poultry
feed. The energy values of the present study corroborate
those obtained by Bamba et al. [20]. Indeed, these authors
obtained 402.71 £ 6.84, 346.24 + 3.22, 388.41 £+ 4.94,
413.73 £ 1.38, and 361.56 £ 5.36, respectively for mango
almond and peel, cotton and shea cakes and cashew apple.

Coulibaly et al.

5. CONCLUSION

The present study has made it possible to characterize
the different mango varieties existing in the departments
of Sinématiali and Korhogo in order to enable their appro-
priate use by mango industry stakeholders. In Sinématiali,
all other varieties have disappeared in favor of the Kent
variety for economic reasons. However, in Korhogo, pre-
cisely in Natio, there are still a few trees of the Amelie,
Cameroun, Zill, Mademoiselle, Keitt and Palmer vari-
eties in the orchards. Almonds are a significant source
of lipids, essential for boosting a food’s energy content.
Mango almond and peel could represent a good source
of minerals for healthy body function and animal growth.
These by-products (almond and peel) have a high carbohy-
drate content and could be used to replace corn in broiler
feeds. Their low crude fiber content could be beneficial for
broilers. The pulp, as the main edible part, is packed with
vitamin C for human nutrition and health, reinforcing its
basic nutritional role. These results underline the impor-
tance of integrated valorization of the various mango
organs, in particular to reduce post-harvest losses and
transform by-products into economic resources. By pro-
moting the transformation of agricultural waste into high
value-added products, this approach could help boost local
economies, while minimizing the environmental impact of
mango production in production areas. This will optimize
the value of mangoes and encourage more sustainable and
innovative agriculture.
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