
 

Vol. 14(3), pp. 60-68, July-September 2020 

DOI: 10.5897/AJPAC2020.0832 

Article Number: 51A8F5864371 

ISSN: 1996 - 0840  

Copyright ©2020 

Author(s) retain the copyright of this article 

http://www.academicjournals.org/AJPAC 

 

 
African Journal of Pure and Applied 

Chemistry 

 
 
 

Full Length Research Paper 
 

Carotenoids identification by HPTLC-MS and vitamin C 
content of fruits of Saba senegalensis (A. DC) Pichon 

 

Arrounan Noba1, Moumouni Koala1,2*, Adama Hema1, Remy K. Bationo1,3, Constantin M. 
Dabiré1, Eloi Palé1 and Mouhoussine Nacro1 

 
1
Laboratoire de Chimie Organique et Physique Appliquées (L.C.O.P.A.), Université Joseph KI-ZERBO, UFR/SEA, 

Département de Chimie 03 BP 7021 Ouagadougou 03 Burkina Faso. 
2
Institut de Recherche en Sciences de la Santé, Centre National de la Recherche Scientifique et Technologique 

(IRSS/CNRST), 03 BP 7047 Ouagadougou 03, Burkina Faso. 
3
CNRST/IRSAT/ Département Substances Naturelles, 03 BP 7047 Ouagadougou 03 Burkina Faso. 

 
Received 20 February 2020; Accepted 24 June 2020 

 

Saba senegalensis fruits have gained more attention in recent years due to their antioxidant 
compounds such as carotenoids, phenolics, vitamin C. This study was designed to identify the main 
carotenoids from S. senegalensis fruits including phenolics and vitamin C quantifications. Carotenoid 
profiles from tissues of these fruits have been characterized by High Performance Thin Layer 
Chromatography- mass spectrometry (HPTLC-MS) for the first time. Phenolics and vitamin C contents 
were studied using spectrophotometric and high-performance liquid chromatography-diode-array 
detector (HPLC-DAD) methods, respectively. Using the Folin-Ciocalteu’s reagent, total phenolics 
content was estimated to be around 630 mg gallic acid equivalents/100 g fresh fruit of S. senegalensis. 
The HPLC analysis showed vitamin C content of about 1511 µg/100 g fresh weight. Three xanthophylls 
(antheraxanthin, lutein, and β-cryptoxanthin), and two hydrocarbon carotenes (β-carotene and 
phytoene) were identified in the saponified extract of fruits. For radical-scavenging activity, using 2,2-
diphenyl-1-picrylhydrazyl (DPPH) method, S. senegalensis fruits extract was estimated to  be 75 mg of 
Trolox equivalents/100 g fresh weight for whole fruit. Results obtained indicate that S. senegalensis 
fruits are a cheap source of carotenoids and other micronutrients. They are important for industrials 
and as an ingredient used in functional food formulation.    
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INTRODUCTION 
 
Carotenoids form a distinguished group of natural 
pigments in the plant kingdom. They are responsible for 
yellow, orange, and red colors in flowers, fruits, and 
vegetables (Cano et al., 2017). These colors are caused 
by their chemical structure with a long polyenic carbon 
chain            .  The  remarkable  coloring  power  

in the flowers is essential in the attraction of pollinators 
(birds, bees, butterflies) that can convey the seeds and 
thus ensure species perennity (Tchuenguem et al., 2014; 
Rivera et al., 2013). In addition to their physiological 
functions such as photosynthesis, photoprotection, and 
nutrition,  carotenoids  play  significant  roles in promoting  
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human health and reducing the risk of chronic diseases 
due to their vitamin A activity and antioxidant properties 
(Hartz et al., 2018; Abid et al., 2013; Papaioannou et al., 
2011). So, carotenoids are used by the food industry, as 
well as in pharmaceutics and cosmetic products, and 
their demand is increasing (Vila et al., 2018). The 
negative perception of synthetic dyes by consumers has 
increased the demand for natural pigments like 
anthocyanins and carotenoids. Numerous scientific 
publications furthermore confirm the beneficial effect of 
natural pigments on human health. 

Native to Senegal, S. senegalensis is a widespread 
liana in West Africa. These ripe fruits possess nutritive 
and therapeutic properties (Kini et al., 2008). Due to 
these high nutritive values such as high contents of 
carotenoids, phenolic compounds, and vitamin C, S. 
senegalensis is a promising fruit for juice production. As 
mentioned earlier, some studies have been able to 
quantify carotenoids content, but their complete 
characterization in S. senegalensis fruit tissues was not 
reported. The aim of this study is to identify the main 
carotenoids present in S. senegalensis fruits by HPTLC-
ESI-MS. Complementary information of other 
constituents of these fruits is also shown and the 
correlation of each chemical compound with the 
antioxidant activities (DPPH and FCR assays). This study 
may lead the necessary knowledge to the development of 
future functional foods and functional ingredients or 
nutraceuticals with potential health benefits from S. 
senegalensis ripe fruits. 
 
 
MATERIALS AND METHODS 
 

Plant material 
 

S. senegalensis fruits were collected from Ouid-tenga in the Central 
Region of Burkina Faso. The identification of the plant was made at 
University Joseph KI-ZERBO by Dr. Issouf ZERBO. A voucher 
specimen under the code N° 6908 was deposited in the Herbarium 
of the University of Joseph KI-ZERBO (Ouagadougou, Burkina 
Faso). The arils were removed from the cockle and kept in the 
freezer for further work. 
 
 

Chemicals and standards 
 

All the solvents used without acetonitrile (HPLC grade) were of 
analytical grade and were purchased from Sigma-Aldrich 
(Taufkirchen, Germany). Water was purified by a Millipore 
instrument (MOLSHEIM France). Gallic acid, 2,2-diphenyl-1-
picrylhydrazyl, Folin-Ciocalteu phenol reagent, and L-ascorbic acid 
(HPLC grade) were obtained from Sigma Chemical Co. (St. Louis, 
MO). β-carotene (HPLC grade) and Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid) standards were purchased 
from Sigma-Aldrich (St. Louis, MO, USA). Buffer salts and all other 
chemicals were of analytical grade. Samples and standards 
solutions were filtered before chromatographic analysis using 
through Millipore membrane of 0.2 µm.  
 
 

Extraction  
 

Carotenoid z  pigments    were   extracted  by     maceration    using  
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n-hexane-acetone (1:1, v/v) solvent system in the dark and at low 
temperature (4°C). So, one gram of fresh arils was extracted to 
color exhaustion with 5 ml of n-hexane-acetone (1:1, v/v) for 24 h. 
The extract was then filtered, and the filtrate was stored in the 
freezer until the spectrophotometer and HPTLC-MS analysis. 
Phenolic and hydrophilic antioxidant compounds of S. senegalensis 
fruits were extracted with methanol by maceration. 1 g of fresh arils 
was introduced into a 50-mL Erlenmeyer flask to which 15 ml of 
methanol was added, and the mixture was kept at room 
temperature for 72 h. After filtration, the filtrate was stored in the 
freezer until the spectrophotometer analysis. 

Vitamin C was extracted by maceration with acidified methanol. 
Now 1 g of fresh arils was put into an Erlenmeyer flask to which 15 
ml of acidified methanol (4% oxalic acid) was added, and the 
mixture was kept at room temperature for 24 h. The extract was 
then filtered, and the filtrate was stored in the freezer until HPLC 
analysis. 

Lipophilic antioxidant compounds were obtained by maceration 
extraction with n-hexane. So 16 g of fresh arils was extracted with 
25 ml of n-hexane for 24 h at low temperature (4°C) in the dark. 
The mixture was filtered with filter paper, and then the residue was 
taken up with 15 mL of n-hexane. After filtration, the extraction was 
repeated, and the different filtrates were collected, and dry 
concentrated on the rotatory evaporator at low temperature 
(<40°C). The dried extract was re-dissolved to 1 ml methanol-
acetone (1:1, v/v) for lipophilic antioxidant activity evaluation by 
spectrophotometer analysis. 
 
 
Saponification 
 
Saponification was conducted by using potassium hydroxide in 
methanol. To 10 ml of n-hexane-acetone (1:1, v/v) extract, 15 ml 
30% (w/v) of potassium hydroxide in methanol was added. The 
mixture was kept for 3 h at room temperature in the dark (Cano et 
al., 2017; Kini et al., 2008). The saponified extract was transferred 
into the separatory funnel containing 15 ml of n-hexane, shaken 
and left to settle. Then, the mixture was washed five times with 
distilled water, discarding each time the aqueous phase to obtain a 
neutral pH. The final extract was completely evaporated on the 
rotatory evaporator at low temperature (<40°C). The dried extract 
was re-dissolved to 2 ml with n-hexane, filtered through a filter 
paper and analyzed by HPTLC. 
 
 
Carotenoids analysis by HPTLC-MS 
 
Chromatography was performed on a               HPTLC plate 
silica gel         (Merck, Germany). 2 µl of saponified and non-
saponified extracts was applied as 5 mm bands with Automatic Thin 
layer chromatography (TLC) Sampler (CAMAG, Switzerland) 
Linomat 5. The identification of carotenoids in saponified fruits 
extract of S. senegalensis was carried out using a mass 
spectrometer Quadrupole Time of Flight (QTOF, Series 6520) with 
Electrospray ionization source. Mass spectra were obtained in 
positive ionization mode in a mass range of m/z 400-600. MS 
parameters were as follows: collision gas, helium; capillary 
temperature, 250°C. 
 
 
Total phenolics analyses 
 
Phenolics were analyzed spectrophotometrically with the Folin-
Ciocalteu reagent according to the procedure described in the 
literature (Ouédraogo et al., 2017; Dudonné et al., 2009; Miliauskas 
et al., 2004). After a suitable dilution, 60 µl of methanolic extract of 
S. senegalensis fruits and gallic acid (standard) were mixed with 60 
µl  of   Folin-Ciocalteu   reagent   previously  diluted  ten  times  with 
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Figure 1. HPTLC of saponified (A) and non-
saponified (B) extracts.  

 
 
 
distilled water. After vortexing, the mixture was incubated for 8 min 
at room temperature, and 120 µl of 7.5% saturated sodium 
carbonate solution was added to destroy the residual reagent. 
Samples were stirred and stored for 30 min in the dark. The 
spectrophotometric determination was performed in a 96-microwell 
plate by placing 240 µl of sample and a reagent blank in 
corresponding microwells. The reading was done at 760 nm 
spectrophotometrically. The phenolics content of S. senegalensis 
fruits was determined using the equation of the calibration curve 

(                               ), and the results are 
expressed in mg of gallic acid equivalents (GAE) per gram of fresh 
fruits weight. All measurements were performed in three 
replications. 
 
 
Spectrophotometric analysis of vitamin C 
 
Vitamin C was analyzed by High-Performance Liquid 
Chromatography (SHIMADZU LC 20A) with the Shodex Asahipark 
NH2-NP column (5 µm,            from Showa Denko K.K. USA) 
at 40°C. Then 8 g of fresh almond of S. senegalensis’s fruits was 
extracted with 12 mL of 5% metaphosphoric acid solution for 15 min 
at room temperature. After filtration, the residue was mixed with 8 
ml of 5% metaphosphoric acid solution for two successive 
extractions. The three filtrates were combined and centrifuged for 
10 min at  4,000 g  and  5°C.  The  supernatant  was  collected  and 

 
 
 
 
made up to 40 ml and then filtered with a 0.2 mm Advantec filter for 
HPLC analysis. The mobile phase was acidified with 
0.1%phosphoric acid in distilled water (solvent A) and acetonitrile 
(solvent B), performed at the ratio 25:75. The flow rate was 1 
ml/min, and the injection volume was 20 µl. HPLC-Diode Array 
Detector (HPLC-DAD) was used, and L-ascorbic acid was detected 
at 245 nm. 
 
 
Hydrophilic and lipophilic antioxidant activities determined by 
2,2-diphenyl-1-picrylhydrazyl (DPPH) assay 
 
Hydrophilic and lipophilic antioxidant activities were measured 
using the DPPH decoloration method (Lizárraga-Velázquez et al., 
2018; Ouédraogo et al., 2017; Dudonné et al., 2009). The method 
is based on the capacity of S. senegalensis fruit extracts to 
scavenge compared to the DPPH radical (     ) and the Trolox (a 
standard antioxidant) in a dose-response curve. DPPH radical 
absorbs in the visible at             and disappears with 
reduction by an antioxidant compound (Dudonné et al., 2009). 
Briefly 200 µl of the       solution (0.04 mg/ml in methanol) was 
mixed with 50 µl of fruit extract. After 8 min of incubation at 37°C 
under dim light, then the decrease in absorbance at 515 nm was 
measured spectrophotometrically (MP96, SAFAS Monaco). A linear 

regression curve (                                 ) was 
established in order to calculate antioxidant content in fruits of S. 
senegalensis. The antioxidant activity was expressed as Trolox 
equivalents per 100 g of fresh weigh of S. senegalensis fruits (mg 
TE/100 g).  
 
 
Statistical analysis 
 
All analyses were conducted in three replications, and data 
processed in Microsoft Excel 2016. An ANOVA with Bonferroni post 
hoc test was performed to determine significant differences. The 
level of significance was defined as p≤0.5. 
 
 
RESULTS AND DISCUSSION 
 
Carotenoids identification 
 
Carotenoids in S. senegalensis fruits were characterized 
and identified according to their chemical, 
chromatographic and spectroscopic properties (UV-vis 
and mass spectroscopic analysis). Figure 1 shows the 
High-Performance Thin-Layer Chromatography profiles of 
the saponified (A) and unsaponified carotenoids (B) 
extracts obtained from S. senegalensis mature fruits. 
After saponification, only one spot (        ) was 
observed on the HPTLC chromatogram (Figure 1). The 
UV-Vis spectrum obtained from saponified extract 
presented three maxima around 450 nm, which is 
characteristic of carotenoid compounds (Vila et al., 2018). 
In addition, the standard (β-carotene) and the saponified 
extract UV/Vis spectra were almost identical. The 
ultraviolet spectrum of the saponified extract is moved 2-
5 nm towards the low wavelengths in comparison with the 
β-carotene spectrum (Figure 2), due to the interference 
from other carotenoids. The mass spectrum of this spot 
shows several peaks (Figure 3) corresponding to the 
molecular mass  of  free  carotenoids.  Out  of  the  many
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Figure 2. UV/Vis chromatogram of β-carotene and saponified extract. 

 
 
 
detected carotenoids, five carotenoids were tentatively 
identified (Table 1). The main carotenoid of S. 
senegalensis fruits was identified as β-carotene by 
comparison of the chromatographic, UV/Vis, and 
spectrometric characteristics with standard and with 
literature data (Etzbach et al., 2018; van Breemen et al., 
2012; de Rosso and Mercadante, 2007). The non-
protonated molecule [M]

+•
 of β-carotene was detected at 

m/z 536.1, and a typical fragment was found at m/z 430.4 
formed by the loss of xylene [M-106]

+•
 following the 

mechanism in Figure 4. Concerning the protonated 
molecule [M+H]

+
 of β-carotene detected at m/z 537.4, the 

typical fragment was formed at m/z 445 [M+H-92]
+
 

corresponding to the elimination of a neutral molecule of 
toluene (Figure 4). The protonated and non-protonated 
molecules of β-carotene were both detected in ESI-MS in 
positive ionization mode by Vallverdú-Queralt et al. 
(2012) and Rivera et al. (2013). Also, the mass spectrum 
of a saponified extract shows that the non-protonated and 
the protonated molecules of β-carotene were both more 
abundant peaks. Based on data reported by Kini et al. 
(2008), β-carotene was the main carotenoid in S. 
senegalensis fruits. Lutein was identified in the saponified 
extract of fruits, as it presented the protonated molecule 
       at m/z 569 corresponding to the formula 

        . It also produced a most abundant fragment ion 
         at m/z 551, confirming the loss of a neutral 
molecule of water (presence of hydroxyl group).  Besides, 

zeaxanthin and lutein are isomers, which differ in the 
position of the double bond in one of the end rings. Only 
lutein contains an allylic hydroxyl group, therefore, easier 
to eliminate than the other hydroxyl group on the 
secondary carbon atom with adjacent saturated     
bonds. The fragment ion           at m/z 551 is 
stabilized by mesomeric effects (Figure 4) and therefore 
has a more abundant peak than the protonated molecule 
       at m/z 569. Zeinoxanthin, α-cryptoxanthin, and 
β-cryptoxanthin, possessing one hydroxyl group, have 

the same chemical formula        . They share identical 
protonated molecules        at m/z 553 and a 

fragment ion at m/z 535           . Unlike β-
cryptoxanthin and zeinoxanthin, α-cryptoxanthin 
possesses an allylic hydroxyl group. This structural 
difference can be used to distinguish between them, 
owing to the ease of the elimination of hydroxyl group 
allylic to the double bond (Etzbach et al., 2018; de Rosso 
and Mercadante, 2007). The mass spectrum of the 
saponified extract of S. senegalensis fruits revealed a 
most intense signal of a protonated molecule         at 

m/z 553 than the fragment ion signal at m/z 535    
       . The increase of the stability in the protonated 
molecule prevents the loss of water molecule, which 
could explain the presence of β-cryptoxanthin and 
zeinoxanthin in the fruits of S. senegalensis. The non-
protonated       was also detected at m/z 552. It is most 

abundant than the fragment  ion  at  m/z  534           

    

 

 

 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

370 420 470 520

A
b
so

rb
an

ce
 

wavelength (nm) 

β-carotene 

Extract  

Wavelength (nm) 



64          Afr. J. Pure Appl. Chem. 
 
 
 

 
 

Figure 3. MS (ESI+) spectrum of saponified extract.   

 
 
 

Table 1. Carotenoid identification in fruits of S. senegalensis 
 

No. Ion molecular Ions fragments UV/Vis (       ) Compounds 

1 
584.5 [M]

+•
 

585.4        

566.5          

567.4            
- Antheraxanthin  

2 569        551           - Lutein 

3 
          534          - 

 
β-cryptoxanthin 

553        535            

4 545 [M+H]
+
 - - Phytoene 

5 
536.1[M]

+•
 

537.4       

430.4 [M-106]
+•

 

445           
451 β-carotene 

 
 
 
confirming the stability of the molecule ion. 

The    mass    spectrum    of    fruits     of     S. 
senegalensis showed a protonated molecule 
         at   m/z   545   and   was    tentatively 

identified as the phytoene with the chemical 
formula        .   Phytoene    is    a    colorless 
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Figure 4. (A) characteristic fragments originated from the polyene chain, and (B) ion stability due to their mesomeric effect. 

 
 
 
carotenoid expected to be found in fruits of S. 
senegalensis. The presence of phytoene in a variety of 
carotenoid-rich fruits, including mango, papaya, orange, 
and tomato, has been reported (Al-Yafeai et al., 2018). 
Antheraxanthin (        ) was detected in a saponified 
S. senegalensis fruits extract by MS (ESI+) spectrum with 
a peak ion for non-protonated molecule       at m/z 
584.2. Also, a significant fragment was observed at m/z 
566.5         , related to the loss of a water molecule 
due to the presence of a hydroxyl group located in β-ring. 
Some authors reported that the cis-antheraxanthin did 
not give two fragments possibly due to the low stability of 
this  ion  548.5            under  the  specific  ionization 

conditions used (Cano et al., 2017; Meléndez-Martínez et 
al., 2005). 
 
 
Micronutrient contents in fruits of S. senegalensis 
 
In this study, the complete analysis of total phenolic 
compounds and vitamin C was conducted to know the 
antioxidant composition in fruits of S. senegalensis. 
Previous studies attributed the antioxidant activities of S. 
senegalensis fruits to its bioactive compounds like 
carotenoids, phenolic compounds, vitamin C (Kini et al., 
2008). Total phenolic compounds were determined by the
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Table 2. Vitamin C content, total phenolics and antioxidant activity (     ) of fruits of S. senegalensis. 
 

Parameter 
Vitamin C content 

(µg/100 g) 
Total phenolic content (mg 

GAE/100 g) 

Antioxidant activity (mg TE/100 g) 

Hydrophilic antioxidant Lipophilic antioxidant 

S. senegalensis 1511 ± 2.5 630 ± 6 75 ± 0.4 340 ± 6 
 

GAE: Gallic Acid Equivalents; TE: Trolox equivalents;     : 2,2-diphenyl-1-picrylhydrazyl. 

 
 
 

 

Figure 5.     normal-phase HPLC chromatogram obtained from L-Ascorbic acid. UV detection at 245 nm. 

 
 
 
Folin-Ciocalteu assay. Folin-Ciocalteu reagent detects 
electron transfer by measuring the reductive capacity of 
the sample. For this reason, total phenolics may also be 
considered as an antioxidant activity assay. Table 2 
showed the total phenolics content of 630 mg gallic acid 
equivalents/100 g fresh fruit of S. senegalensis. This 
value obtained was higher than that reported by Lamien-
Meda et al. (2008). This difference could be attributed 
probably to environmental conditions, the use of different 
solvents, and extraction methods (Lizárraga-Velázquez et 
al., 2018). 

Vitamin C is an essential nutrient in organic systems 
because it has antioxidant properties. In S. senegalensis 
fruits, vitamin C is one of the main vitamins found with 
concentrations that are related to fruit maturity. Vitamin C 
content of the studied S. senegalensis fruits was 1511 
µg/100 g fresh weight for whole fruit (Table 2 and Figures 
5 and 6). The antioxidant activity of fruits of S. 
senegalensis was evaluated using the established assay 
that uses the DPPH radical (     ) as a chromogen. The 
hydrophilic and lipophilic antioxidant activities of S. 
senegalensis fruit extracts were obtained with this  assay. 

Table 2 shows the hydrophilic and lipophilic antioxidant 
activities in the fruits of S. senegalensis. Lipophilic 

antioxidant activity exhibited the highest       
scavenging ability (340 ± 6 mg TE/100 g), which was 
about 5-fold higher than hydrophilic antioxidant activity 
(75 ± 0.4 mg TE/100 g). The presence of carotenoids in 
the fruits of S. senegalensis might explain the high 
lipophilic antioxidant activity. Carotenoids are bioactive 
compounds that react quickly with free radicals to 
produce radical adducts with a resonance stabilized 
carbon-centered radical due to their conjugated double 
bonds and the presence of ring structures at the end of 
the polyenes (Lizárraga-Velázquez et al., 2018). 
Therefore, we think that enhanced scavenging ability of 
lipophilic antioxidant activity is likely due to the presence 
of a mix carotenoids, to their high reactivity with free 
radicals, and the possible synergy among carotenoids. 

Besides, S. senegalensis fruits also exhibited 
significantly phenolic and vitamin C contents (Table 2), 
which are known as the two major natural hydrophilic 
antioxidants. Hydrophilic antioxidant activity of S. 
senegalensis   fruits   presented  relatively  DPPH  radical
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Figure 6.    -NP HPLC chromatogram obtained from the saponified carotenoid extract from S. senegalensis fruits. UV 
detection at 245 nm. 

 
 
 
scavenging ability. This effect is attributed to the mix of 
phenolic compounds and vitamin C identified in this 
study. Total phenols are considered to be efficient 
hydrogen donors that are capable of neutralizing free 
radicals by forming resonance stabilized phenoxy 
radicals (Siangu et al., 2019, Dudonné et al., 2009).  

Lipophilic and hydrophilic antioxidants contribute to the 
total antioxidant activity of S. senegalensis fruits. It was 
reported that phenolic compounds, vitamin C, and 
carotenoids contribute to antioxidant activity by inhibiting 
the oxidation of free radicals through an electron or 
hydrogen atom transfer mechanism (Vila et al., 2018; 
Cano et al., 2017; Mario et al., 2004). Several 
epidemiological studies showed a positive relationship 
between antioxidant consumption and good health (Hartz 
et al., 2018; Al-Yafeai et al., 2018; Thaipong et al., 2005). 
The high level of the plasma vitamin C reduces the risk of 
cataracts (Thaipong et al., 2005). Diets with a high level 
of phenolic compounds like flavonoids have been 
associated with lower rates of mortality from coronary 
heart disease (Trappey et al., 2005). Carotenoids 
(biofunctional compounds) help to promote human 
health, for example, decreasing the risk of cancer, 
cardiovascular diseases, Parkinson, or Alzheimer 
(Portarena et al., 2019; García et al., 2018; Hartz et al., 
2018). Thus, regular consumption of senegalensis fruits 
could be beneficial to human health, such as reducing the 
risk of cardiovascular affections and cancers. 
 
 

Conclusion 
 

S. senegalensis  fruits  contain  an  interesting carotenoid 

profile in its fruits with the presence of xanthophylls and 
hydrocarbon carotenoids. β-carotene is the most 
abundant carotenoid, followed by antheraxanthin. In total, 
three xanthophylls (antheraxanthin, lutein, and β-
cryptoxanthin) and two carotenes (β-carotene and 
phytoene) were identified. The fruits also contain a 
reasonable concentration of vitamin C and phenolic 
compounds that provide health benefits. S. senegalensis 
fruits extract contains a higher content of phytochemicals 
like carotenoids, vitamin C, and phenolic compounds. 
They are, therefore, of high value for the development of 
nutraceutical and functional foods. 
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