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BiochemicalCharacterization of Mango Kernel
(Mangiferaindica) Grown in Cote d’lvoire and
Formulation of Butter for CosmeticUse

ABSTRACT:

Aims: The peel and the kernelof mangoes of KENT and KEIT varieties, although presenting
enormous nutritive and technological potentialities, are considered as waste and, as a result,
rejected in nature causing environmental pollution. This study therefore set itself the general
objective of contributing to the development of mango by-products (Mangifera indica) by
incorporating them into formulations of products for cosmetic use.

Study design: Almond butter was obtained from the fresh and dried almonds of two
varieties of mangoes (KENT and KEIT).

Place and Duration of Study: Fruits of mango (KENT and KEIT) varietiesat commercial
maturity used in this study came from Banco fruit market (Abidjan, Céte d'lvoire). The tests
were carried out at the laboratory of food biochemistry of NanguiAbrogoua University,
between May and July 2020.

Methodology:The mango kernels (Mangifera indica) were extracted and the biochemical
characterization of both fresh kernels and almond powders was carried out on parameters
such as lipids, ash, fibers, etc. Then, mango kernel powder of KENT with good potential was
used for the formulation of butter. Following the control formulation, different formulations
were made by reducing volume of extraction solvent (sunflower oil) and varying the amount
of beeswax used at 10% and 35% of the mass of macerate used. Finally, physicochemical
properties of butter were determined.

Results: The study showed that mango kernels produced in Céte d’lvoire, specifically mango
kernel powders, were rich in lipids (8-9%), proteins (2-7%), fiber (9-11%), carbohydrates (35-
76%), ash (2.99-5.66%), vitamin C (35-104 mg/100g) and many other biomolecules, which
made possible the production of butter. The physicochemical properties of butter gave
results of acid numbers of 8.24 to 9.03 mg KOHY/g oil and saponification of 189.45 to 212.09
mg KOH/g oil. These indices combined with pH (4.6 to 5.2), density (0.3 to 0.91) and color
are indicators of the good quality of butter. Finally, the KE 1/3 formulation, with 35%
beeswax added, gave the most satisfaction.

Conclusion:These physical and chemical properties obtained would suggest a finished
product of quality and good conservation and good scent pleasant and would have various
applications in the cosmetic field in particular in the nutrition of the skin and the hair.

Keywords: Almond, Indices, Formulation, Mango butter, Cosmeticproducts, Mango
(Mangiferaindica)




1. INTRODUCTION

The fruits constitute a carbohydrate supplement in the ration of the populations
[1].Theycontribute to the improvement of social well-being and the state of health of these by
providingthemwithnutrientssuch as sugars, fibers, minerals, vitamins, waters and
antioxidants[2,3].0ne such fruit is the mango. FromitsscientificnameMangiferaindica, itis the
fruit of the mangotree (Mangiferaindical.), a tree of theAnacardiaceaefamily, growingmainly
in tropical and subtropical regions[4]. C6te d'lvoire produced more than100000 tons against
55.4 million tons worldwide. It is the fifth fruit production in the world behind bananas,
apples, grapes and citrus fruits [5]. At the local level, itis the third export fruit behind bananas
and pineapples and has generated more thanseven (7) billion FCFA [6].lvorian exports
concernmainlymangoes of the KENTvarieties, KEIT and AMELIE. The AMELIE varietyis
moremoreoverabandoned in favor of varietiescolorssuch asKENT, KEIT, ZILL, PALMER,
SMITH, highlyappreciated by  Europeans[7]. Thetwo main  varieties  of
mangoesmostcultivated in Cote d'lvoire are KENT and KEIT. It istherefore a'real source of
income for the Ivorian populations. Mango isconsumedfreshly or afterprocessinginto jam,
nectar, driedmango or dairyproducts, etc. [8].Also, the wasteconsisting/of peel and
kernelcouldmakeit possible to obtainbiogas by fermentation and:the oilextractedfrom the
almond of the kernelwouldbeused in cosmetics.Unfortunately, in Céte'd'lvoire and as is the
case almosteverywhereelse in Africa and even in the world, evenlessindustrialeating habits
are still free of pits and skins, systematicallyfavoring ithe. use of pulp: stone and
peelbeingconsidered as waste. Indeed, according to. Banerjeeet al.[9]consumption and
processing of mango fruit produces25-40%wasteincludingpeels and pits. Reduced to 2018
production, between 38,000 and 62,000 tons of wastewouldbegenerated and releasedinto
nature. This couldrepresent a real risk of environmental pollution. In addition, the 30 to 40%
post-harvestlossesreported by FIRCA [10], mainly due to the high water content of the
mango and the resurgence of pathogens[11], wouldaccentuatethis observation insofar as the
lossesessentially relate to the depreciationlinked to the pulp. Moreover, few studies have
focused on the technologicalpotential.of - mango kernels in Céte d'lvoire, whichconstitutes a
handicap to itsdevelopment.

Still, mango kernels are substantiallynutritional, including essential aminoacids, vitamins,
and antioxidant compounds[12, 13]." They are excellent sources of polysaccharides (74-
75%), fat (9-13%)[14].. This fatiis.an excellent source of vitamin E and bioactive compounds
includingphenolic compounds, carotenoids, vitamin C and dietaryfiber[15]. In view of all the
above, we have therefore set ourselves the general objective duringthisstudy of contributing
to the development.of mango by-products (Mangiferaindica) by incorporatingthemintoproduct
formulations for cosmetic use.

2. MATERIAL AND METHODS

2.1 Material

Ivorian exports mainly concern mangoes of the KENT, KEIT and AMELIE varieties. The
AMELIE variety is increasingly being abandoned in favor of colored varieties such as KENT,
KEIT, ZILL, PALMER, SMITH, much appreciated by Europeans.In addition, these two
varieties KENT and KEIT are the most cultivated in Céte d'lvoire.The plant materialused in
thisstudyconsists of mango kernel (Mangiferaindica) of the KENT variety and the KEIT
variety. In addition to thesemango kernels, sunfloweroil and beeswaxwerealsoused in
thiswork.

2.2Methods



2.2.1 Sampling
The fruits of the mangotree (Mangiferaindica L.) of the KENT and KEIT varietiesused in

thisstudy came from the Banco fruit market (Abidjan, C6te d'lvoire). A total of 100 mangoes
of the KENT variety and 100 mangoes of the KEIT varietywerepurchased and then sent to
the Food Biochemistry and Tropical ProductsTechnologyLaboratory. Once in the laboratory,
eachvariety of mangowas split intotwobatches: the first batch wasused to
obtainfreshalmondswhile the second batch wasused for the production of
mangoalmondpowder.

2.2.2Processes for obtaining mango almond powders

Following each batch, the mangoeswerecleared of debris and washed in soapy. water
thenrinsedthoroughlywithtap water. The mangoeswerepittedmanuallyusing a
stainlesssteelknife. The pitswereopened and the kernels extracted.. The-. latter are
washedthenweighed and stored in a refrigeratorbefore use. Note that at/thislevel, the
operationstopped for batcheswhosepurposewas to obtainfreshalmonds: Then, a quantity of
one (1) kg of mango kernels of eachvarietywascrushed and spread individually on aluminum
foil and thendried in a Biobase brand oven (Shandong, China) at:45°C for 48h. After drying,
the almondswereground in a grinder. The groundmaterialwassievedusing a 500 um
meshsieve and the powderobtainedwaspackaged in previouslydried glass bottles.

2.2.3Analysismethods

2.2.3.1 Biochemicalanalysis

The biochemicalcharacterizationfocusedboth- . on ..the freshalmonds and on the
almondpowders of the KENT and KEIT varieties of mangoes (Mangiferaindica):either KEF,
KES, KIF and KIS respectively for freshalmonds, almondpowders of mangoesfrom the KENT
variety and freshalmonds and groundmangoalmonds of the KEIT variety.

2.2.3.2 Determination of physicochemical parameters

Moisturewasdetermined by drying in an oven at 105°Cduring 24 h to constant weight[16].
pHwasdeterminedusing a pH meter (Consort P107, Belgique). Total ashwasdetermined by
incinerating in a furnace at 550°C[16]. Crude fat wasdetermined by continuous extraction in
a Soxhletapparatus (Soxtecsostem HT 1043) for 7 h using hexane as solvent [16].
Crudeproteinwascalculatedfromnitrogen (N x 6.25) obtainedusing the Kjeldahl method by
AOAC [16]. The crude fibre contents weredeterminedaccording to standard method[16]. The
carbohydrates.-and:vitamin-C weredetermined by FAO [17]and Pongracz[18], respectively.

2.2.4Formulation of mango butter

The formulation of the mangoalmond butter wascarried out according to the modified FIRCA
[10]Jmethod. The mangoalmond butter wasobtainedusingmangoalmondpowder of the KENT
variety, sunfloweroilwhichwasused for the extraction of fat and photochemical compounds
from ““the almonds; as well as beeswax for itscosmeticvirtues  but
especiallyitsthickeningeffect.

A quantity of twenty (20) g of mangoalmondpowderwaspouredinto 200 mL of sunfloweroil in
a glass jar. The jars containing the sunfloweroil and the almondpowderwerethenheated in
awater bath at a lowtemperature(50°C), for 3 hours, turningregularly. After 3 hours, the
mixture wasleft to macerate for 24 hours in the cold. Then the oilwasfiltered. The
filtrateobtainedconstituted the mangoalmondoilmacerate. Then, 60g of
thismaceratewereweighed in new glass jars to which 15 g of beeswaxwereadded. The
wholewasbrought to a water bath (60°C) until the beeswaxwascompletelymelted. Finally, the
productwasallowed to cool, stirringoccasionally.



The operationwasreproduced by varying the quantities of mangoalmondpowder and
vegetableoil in proportions 1/7, 1/5 and 1/3 (weight per volume). Furthermore, for each of
these proportions, a second formulation wascarried out by varying the amount of
beeswaxincorporated [25% (control), 10% and 35% by mass of the amount of sunfloweraoil].

Table 1. Different almond butter formulations

Almond macerate

. Almond Qty Qil Beeswax
Ratio (pv) ) volume (ML) (%)
(1/10) 20 200 25
(1/10) 20 200 35
(17) 20 140 35
(1/5) 20 100 35
(1/3) 20 60 35
Source : (FIRCA, 2010) modified
Almond flour Sunflower oil
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Fig. 1. Mango Almond Butter Production Chart

Source: (FIRCA, 2010) modified



2.2.4.1 Physical and chemicalproperties of mangoalmond butter

Color

The colorimetric indices L, a*, b* weredeterminedusing a chromameter. The
resultswererecordedusing the Hunter scale, which has L, a* and b* coordinates. The “L”
scalemeasures light intensity (white-black and goesfrom no reflection L=0 to perfect diffuse
reflection L=100), the “a*” scalegoesfromnegative values (a< 0) for green to positive values
(2> 0) for red, while the “b*” scale ranges fromnegative values (b<0) for blue to positive
values (b>0) for yellow[19].

Firmness

The firmness of mangoalmond butter wasdeterminedaccording to the methoddescribed by
Dadzie and Orchard [20]Jusing a hand-heldpenetrometer (WHF-600/Kg.N1)., This made it
possible to measure the resistance of butter to a constantforce.

Density

The methodused to determine the density of butterswasthatdescribed by IUPAC [21]. It
consisted of measuring the mass, at a giventemperature, of a.velume of fat contained in a
pycnometerpreviouslycalibrated at the sametemperature.

pH
The pH of the butter sampleswasdetermined by pH-metry at.25°Caccording to Afane et al.
[22]

Acid and saponification indices

The acid and saponification indices of the butter
samplesweredeterminedrespectivelyaccording to standard NFV 03-906 and NF T 60-206
[23]. The methodconsistsrespectively-in titratingwith an alcoholicpotash solution, the acidity
of fat initiallydissolved in a mixture of:solvents in equal parts and in treating the fat with an
excess of hot alcoholicpotash(KOH)solution then in titrating the excess of
alcoholicpotashwith a solution of hydrochloricacid(HCI).

2.2.4 Statisticalanalyzes

Statisticalanalysis .of the data wasdoneusing STATISTICA software (version 7.1). The
resultsobtainedwereexpressed as mean + standard deviation.
Significantdifferenceswerehighlighted by one-wayanalysis of variance (ANOVA) followed by
Duncan's test. Thesedifferenceswereconsideredsignificant at the 5% level.

3. RESULTS

3.1 Bioghemical composition

Table 2 presents the biochemical composition of fresh kernels and dried kernels of KENT
and KEIT varietymangoes. The values obtainedshowed a significantdifferencebetween the
parameters of the samplesstudied (Table 2). Also the values are clearly high with the
powderedalmonds of the KENT variety.



Table 2. Biochemical composition of freshalmonds and mangoalmondpowders (KENT

and KEIT)
Designation

Parameters

KEF KES KIF KIS
Humidity (%) 52.18 + 1.01° 9.45+2.03° 4504+4.82° 530 1.02°
Dry matter (%) 47.82+1.01*° 90.55+2.03° 54.96+4.82°  94.70 + 1.02°
pH 5.00 £0.01° 5.32+0.01°  4.64+0.00° 5.27 +0.01°
Titratableacidity (meg/g) ~ 48.35+0.31° 21.46+0.12° 52.89+0.10° " 11.44 +0.04°
Fiber (%) 5.53+0.38°  10.49 +0.83* 5.70 + 0,25 9.83 + 0.04°
Proteins(%) 3.05+0.01* 5.77+0.20° 1.8+0.08 2.74 +0.00
Lipids (%) 4.64+0.12*° 8.78+0.56° . 5:36+0.03" 9.25 + 0.30°
Ash (%) 2.99+0.14%° 566 +0.06° “8.24 + 0.06 5.58+0.04°
Carbohydrates (%) 34.75+0.16° 70.34+0.22° 43.88+0.1° 76.55+0.1°
Vitamin C (mg/100g) 35+7.07° 22.00:+ 0.71° 103.75+8.84°  41+2.12°

Trials: n=3; the means + standard deviations, assigneddifferentletters in the sameline are
significantlydifferent at p < 0.05 according to Duncan's test.

3.2Mango butter formulation

The control preparation (20g of mango kernel powder (KENT) in 200 mL of sunfloweroil)
shows a slight phase.separation.in the butter obtained, over time, whengoing to 25% wax.
bee (15g of beeswaxin 60 g of almondoilmacerate). Also, the formulation of 35% wax with
the control preparation’ ' gave satisfactoryresults as regards the texture of the butter (gel),
color and its unique.phase (Figure 2).
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Fig. 2. Formation of almond butter frommango (Mangiferaindica)

(A) : Control formulation (1/10; 25%)

(B) : Formulation (1/3; 35%)



3.3Physical and chemicalproperties of mango butter

The specificdensity of differentmangoalmond butter formulations ranges from 0.83 + 0.01 to
0.91 £ 0.00. The control formulation recorded the lowestdensity (0.83 = 0.01). This
densityincreaseswhen the amount of beeswaxincorporatedisincreased (Table 3).

Table 3. Density of different formulations of mangoalmond butter (Mangiferaindica)

Coded Density

KE 1/10, 25% 0.83+0.02°
KE 1/10, 35% 0.87 +0.01°
KE 1/5, 35% 0.89 +0.04°
KE 1/3, 35% 0.91 + 0.08"

Trials: n=3; the means + standard deviations, assigneddifferentletters in‘the samecolumn are
significantlydifferent at p < 0.05 according to Duncan's test.

KE 1/10, 25% : Formulation 1/10 (w/v) with 25% addedbeeswax-(control)
KE 1/10, 35% : Formulation 1/10 (w/v) with 35% addedbeeswax

KE 1/5, 35% : Formulation 1/5 (w/v) with 35% addedbeeswax

KE 1/3, 35% : Formulation 1/3 (w/v) with 35%, addedbeeswax

The colorings of the different butter formulations show verysmall variations from one sample
to another. A decrease in the indicatorparameters “a*”, “b*” and “c*’ isobservedwith the
decrease in the volume of sunfloweroilused for maceration. On the other hand, the “L” and
“h*” parametersevolve in sawtooth fashion (Table 4).

Table 4. Evaluation of the.color of mango almond butters (Mangifera indica)

*

Coded L a b* c* h*

KE 1/10; 25% 22.7 +0.14*> 564+0.0° 54+001° 7.22+0.0° 38.59+0.0°
KE 1/10; 35% 42.66.+0.1° 0.47+0.0° 4.95+0.0° 4.97+0.0° 84.54+0.0°
KE 1/3;35%  46.48+0.1° 0.52+0.0° 4.74+0.0*> 5.01+0.0° 84.89+0.0°
KE 1/5935%  41.92+0.0° 0.7+0.0° 4.89+0.0° 4.91+0.0° 81.49+0.0°

Trials:'n=3;.the means * standard deviations, assigneddifferentletters in the samecolumn are
significantlydifferent at p < 0.05 according to Duncan's test.

KE 1/10, 25% : Formulation 1/10 (w/v) with 25% addedbeeswax (control)
KE 1/10, 35% : Formulation 1/10 (w/v) with 35% addedbeeswax

KE 1/5, 35% : Formulation 1/5 (w/v) with 35% addedbeeswax

KE 1/3, 35% : Formulation 1/3 (w/v) with 35% addedbeeswax

The results of the firmness test of the various formulations are presented in Table 5. The
highest value isrecorded in the formulation KE 1/3, 35% (0.35+£0.08N); when formulation KE
1/10, 25% (control) shows the lowest value 0.1+0.00N.



Table 5. Evaluation of firmness (N) of mangoalmond butter formulations
(Mangiferaindica)

Coded Firmness (N)
KE 1/10 ; 25% 0.10+ 0.00%
KE 1/10; 35% 0.20 0.08°
KE 1/3;35% 0.35% 0.08"

KE 1/5;35% 0.28 + 0.01°

Trials: n=3; the means + standard deviations, assigneddifferentletters in the samecolumn are
significantlydifferent at p < 0.05 according to Duncan's test.

KE 1/10, 25% : Formulation 1/10 (w/v) with 25% addedbeeswax (control)
KE 1/10, 35% : Formulation 1/10 (w/v) with 35% addedbeeswax

KE 1/5, 35% : Formulation 1/5 (w/v) with 35% addedbeeswax

KE 1/3, 35% : Formulation 1/3 (w/v) with 35% addedbeeswax

The pH data isshown in Table 6. The KE 1/3, 35% formulation hadthe lowest pH (4.60). The
highest pH isobserved at the control formulation KE-1/10; 25%. As for the KE 1/10
formulation, 25% shows a pH value of 4.66.

Table 6. pH of different formulations of mangoalmond butter (Mangiferaindica)

Coded pH

KE 1/10, 25% 5.20 + 0.00°
KE 1/10, 35%  4.66 + 0.08°
KE 1/5,35%  4.61 + 0.08"

KE 1/3,35% _4.60 +0.02*

Trials: n=3; the means % standard deviations, assigneddifferentletters in the samecolumn are
significantlydifferent at p < 0.05 according to Duncan's test.

KE 1/10, 25% : Formulation:1/10 (w/v) with 25% addedbeeswax (control)
KE 1/10, 35% : Formulation 1/10 (w/v) with 35% addedbeeswax

KE 1/5, 35% : Formulation 1/5 (w/v) with 35% addedbeeswax

KE 1/3,,35% @ Formulation 1/3 (w/v) with 35% addedbeeswax

Table 7.presents the results of the assay of the indices (acid and saponification) of the
variousformulatedbutters. The latter shows slight variations in the samplesassayed as well
as high values of acidity (9.03 mg KOH/g oil) and saponification (212.12 mg KOH/g ail).



Table 7. Dosage of indices (acid and saponification) of mangoalmondbutters
(Mangiferaindica) formulated

Coded la (mg KOH/g oil) Is (mg KOH/g oil)
KE 1/10 ; 25% 8.89+0.14° 201.98+1.05°

KE 1/10 ; 35% 9.03+0.1° 212.12+0.3

KE 1/5; 35% 8.47+0.13" 189.45+0.35°

KE 1/3; 35% 8.24+0.13° 194.45+0.35°

Trials: n=3; the means * standard deviations, assigneddifferentletters in the samecoelumn are
significantlydifferent at p < 0.05 according to Duncan's test.

KE 1/10, 25%: Formulation 1/10 (w/v) with 25% addedbeeswax (control)
KE 1/10,35%: Formulation 1/10 (w/v) with 35% addedbeeswax

KE 1/5, 35%: Formulation 1/5 (w/v) with 35% addedbeeswax

KE 1/3, 35%: Formulation 1/3 (w/v) with 35% addedbeeswax

4. DISCUSSION

The lowmoisture content in the driedalmondsis due:to their.drying in an oven (45°C) leading
to evaporation of their water content.This relativelylowmoisture content of the mango kernel
powderisvery important for prolongingits shelf:life.

Proteinlevels are higher in mangoalmondpowderscompared to freshalmonds. This
couldbeexplainedaccording to Brou et alw/[24],. by the drying whichwould lead to a
concentration of nutrients and wouldmakeit possible to obtain more appreciableprotein
contents. The relatively high proteinlevels inimango kernel powders are close to those of
Mutuaet al. [14]and Elegbedeet al.[25]. Theseauthorsrespectivelyrecordedprotein contents of
(6-9%) in the mango kernel powders and 5.25% on the wet basis. And as a result,
mangoalmondpowderscouldbe an important argument in cosmetics. Indeed, foodproteins,
includingthose of almonds, can beused in cosmetics for theiremulsifying or even anti-
inflammatory or evenantioxidantqualities[26].

Lipids are important macronutrientsthatfacilitate the availability of fat-soluble vitamins(A, D,
E, K) in the body ([27, 28]. Lipidlevels are high in mango kernel powderswith values of
8.78% and  9.25%. respectively for the KENT and KEIT varieties.
Theseresultscorroboratethose of Muchiriet al.[29]and Mutuaet al. [14]who found lipid levels
of mango powder kernels of (8.15-13.16%) and (9-13%) respectively. Thedriedalmonds of
the twovarieties of mangoesstudied (KENT and KEIT) presentedhigherprotein, lipid,
carbohydrate and dry matter contents thanfreshalmonds. These values obtained for the
biochemical composition of the driedalmondscouldbeexplained by the reduction in water of
thesealmondsduring the drying. The drying thereforecaused the concentration of nutrients in
the mango. Only the vitamin C levelis the lowest in driedalmonds. Indeed, the vitaminis
thermolabile and photosensitive, so drying led to itsreduction in bothvarieties of
mangoes.Also, lipids are rich in mango kernels because kernels belong to the family of
oilseedscharacterized by an abundance of fat. Indeed, according to Kittiphoom and
Sutasinee[15], mango kernel is a good source of lipids,
particularlypolyunsaturatedfattyacidssuch as oleic and linoleicacidswhich have health and
cosmeticbenefits. Furthermore, according to Solis-Fuentes andDuran-de-Bazua[l16], the
lipids of mango kernels containvitamin E involved in cell protection. Thus, vegetableoilssuch
as mango kernel oil, couldbeused in the cosmeticsindustry, wheretheywouldlimit the
absorption of water and thereforeprevent the swelling of the hair by theirpenetration,



inducing the reduction of hygraltredness ; one of the factors of
hairbreakage.Hygraltirednesscorresponds to the repeated process between the swelling of
the hair by water and drying [30]. Finally, such a proportion of oilobserved in mango kernels
couldfulfill the function of barrier of damaged skin through occlusive agents
whichwouldcreate a hydrophobic film on the surface of the latter thus forming a barrier to the
evaporation of water limiting skin dehydration[31, 32].

The increase in the ash content in the mango kernel powders, particularly in that of the
KENT variety (5.66%) wouldbe due to the elimination of moistureduring drying,resulting in a
bioconcentration of nutrients, including the ashesfacilitatingtheir dosage in flours[33].

The resultsobtained in thiswork are superior to those of Omotubgaet al. [34]and Mutuaet al.
[14]whofound values of 2-3% and 2.58% respectively in mango kernel powders. The high
ash content in mango kernel powderswouldbebeneficial in butter formulation [35].:Indeed, itis
an indicator of itsmineral content the mineralswhichcontribute to the balance, of the skin by
contributing to the regeneration and protection of the epidermis, to ensureits water content
and promote microcirculation [36].They are also essential in the solidification of teeth and
certain  biologicalfunctionssuch as the activity of enzymes [37]. Thus,
thesealmondpowderswouldbeuseful in animal feed and cosmetics.

Vitamin C isnecessary for the formation of collagen, the main protein of connective tissue. It
helpspreventanemia by enhancing the absorption of ironnecessary:for the formation of
redbloodcells[38]. The vitamin C contents in mangoalmondpowders are lowerthanthat of
freshalmonds. Theserelativelylowlevels in the mangoalmondpowderscouldbeexplained by
the drying of the flours. According to Muhamad[39], “temperatureis a factor
thatstronglycontributes to the degradation of the vitamin'in fruits and vegetables. Vitamin C,
due to itsbeneficialantioxidant power in the fightagainstoxidative stress responsible for aging,
wouldbeuseful in the formulation of cosmeticproducts.

The carbohydrate contents in the differentsamples are relatively high at the level of the
mangoalmondpowders and are around 70.35% for the KENT varietyagainst 76.55% for the
KEIT variety. These carbohydrate contents are very close to thoserecorded by Mutuaet al.
[14]whonoted a carbohydrate rate of between 72.86 to 75.92% in mango kernels on a dry
basis. The abundance of carbohydrates in .mangoalmondpowderswouldbe due not only to
the departure of water but also to the ripening of the fruit. This is all the more
truesinceduringripening, the glucose and fructose levelsremain constant, while the sucrose
levelincreases by a factor of 3 to 4, leading to an increase in the total sugarlevel[2]. Thus,
the good carbohydrate ‘content wouldbe a good source for recovery not only in animal feed
but even more so.in cosmetics. Indeed, according to Nzeza[40], sugars (complexes in
particular) extractedfrom plants thentransformedinto active ingredients, wouldmakeit
possible to obtainmoisturizing, soothing or anti-inflammatory and
tensoreffectssomuchsoughtafter in cosmetics.

Fiberis an important fraction in a foodstuff due to its crucial role in the properfunctioning of
intestinal transit. Theyfacilitate digestion, reduce the risk of cardiovasculardisease and help
regulatebloodsugar[41].The fiberlevels in the mango kernel powders are very close to
thoseobtained by Omotubgaet al.[34]. The high fiber content wouldbe an asset for the use of
almeonds in formulations for animal feed and cosmetics (complex carbohydrates).

The biechemicalcharacterization made it possible to highlight high levels in the
mangoalmondpowders of nutrientssuch as lipids, fibers, carbohydrates or ashes. In general,
the highestlevelswereobserved in powderedmango kernels of the KENT variety. Hence the
use of these KENT varietymangoalmondpowders in the formulation of butter for cosmetic
use. Thus, in the rest of the work, the physical and chemicalproperties of butter made
fromdriedalmondswillbediscussed.

Density is a parameterthatdepends on temperature. This parameterwasmeasured at a
temperature of 20°C. The relative density of mangoalmondbuttersproducedisbetween 0.8
and 0.9. The highestdensityisobserved in the KE 1/3 formulation, with35%beeswax.



Thesedensity  values are very close to thoseobserved by Codex
Alimentarius[42],whichrecordeddensities in the range of 0.91 to 0.98 at 20°C for shea bultter.
The analysis of the color of the formulatedbuttersgives a light yellowcoloring. This light
yellowcolorcouldbeexplained on the one hand by the presence of antioxidant pigments
whichwouldbepresent in almondssimilar to thosereported by MegnanouandDiopoh[43]on
shea butter sold on Ivorianmarkets. And on the other hand by the incorporation of
yellowcoloringbeeswax. Theseresults are close to those of Kitiphoom&Sutasinee[15]who
state thatmangooils are very light yellow in color. Indeed, this light yellowcoloris important
insofar as itis a qualityindicatorthat influences the choice of a product.

The acidnumberis a measure of the total acidity of lipids, involving the contributions of all of
the constituent fattyacidsthatmake up the glyceridemolecule[44]. The indices obtained in
thisstudy are higherthanthoseobserved by Nzikou et al. [45] in mango kernel oils. (5.35 mg
KOH/g oil) but lowerthanthoseobserved by Megnanou and Diopoh[43]on shea butter sold on
Ivorianmarkets. The relativelyaverageaciditywouldbe due to the time and temperature of
extraction of the butter as well as the drying of the <almonds. " Indeed,
thesetwoparametersaccording to Womeniet al. [46], are responsible for the-release of
fattyacidsresponsible for acidity. Temperaturesbelow 50°C and an extraction:or drying time
below 50 minutes lead to butter with a high acid value. The results of thiswork are therefore
good omens and reflectbetter conservation of mangoalmond butter. In the
sensethatthischaracteristicaccounts for the state of degradation-of the butter insofar as the
free fattyacids are products of degradation and more particularly of hydrolysis of
triglycerides, the main constituents of the oil[47]. The saponification index measures the
averagemolecularweight of the  fattyacidchainspresent in an oil. This
parameterisinverselyproportional to the molecularweight of the fattyacids. The values of the
saponification indices obtained are higherthanthose of soybeanoil (13.47 mg of KOH/g of
oil), palm kernel oil (28.04 mg of KOH/g of.0il) [48].They are below the range of 160 to 195
KOH/g fat defined for unrefinedshea butter, [42]. These high saponification indices wouldbe
due to a relativelylowmolecularweight of fattyacids in mangoalmond butter. Indeed,
according to Kumar and Krishna[49], the sapenification index isdirectlyproportional to the
number of short and medium chainfattyacidsattached to the glycerol. Such saponification
indices wouldbe of great use. in.the cosmeticsindustrywhereitwouldfind a job in the
manufacture of soap withbeneficialeffects on the skin and hair.

5. CONCLUSION

Mango kernel powders/of the KENT and KEIT varieties grown in Céte d'lvoire are abundant
in nutrients such as proteins (2.74-5.77%), fiber (9.83-10.49%), carbohydrates (70-76%) or
ashes (5.58-5.66%) against values in fresh almonds of 1.8-3.05% in proteins, 34.75-43.88%
in carbohydrates.and 2.99-3.24% ash. Overall, the highest levels were recorded in ground
almonds of.the KENT variety with a low moisture content (9.45%) favoring its preservation.
In addition;.they are rich in lipids (8.78-9.25%), which gives them a high energy value and
good potential for use in cosmetics. The analysis of the physical and chemical properties of
the different formulations of the product for cosmetic use showed densities between 0.83-
0.91; a*firmness of 0.1-0.35 N; pH of 4.6-5.2 and finally acid and saponification indices
varying respectively between 8.24 to 9.03 mg KOHY/g oil and 194.45 to 212.98 mg KOH/g oil.
The most satisfactory values were recorded for the KE 1/3 formulation with 35% added
beeswax, by reducing the volumes of sunflower oil to a third of that recommended in the
control formulation. This study carried out on the almonds of the KENT and KEIT mango
varieties has shown that the KENT variety has the best aptitudes for the manufacture of
butter obtained from this by-product rejected in the environment. This butter could be used in
the cosmetic field, in particular in the nutrition of the skin and the hair after toxicological
studies.
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