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Abstract

Mamey apple (Mammea americana) is a tropical fruit largely consumed and more and more coveted as it is a rich source of antioxidants. There is considerable interest 
in fruits phenolic compounds due to their different characteristics and particularly to their role in protection against cardiovascular diseases and cancers through their 
antioxidant activity.

Nutritional characteristics were determined in six mamey apple fruit accessions: Sonson, Pavé 11, Lézarde, Ti Jacques, Escouët and Antonio. The pulps of the ripe 
fruits were analyzed for moisture, ash, total lipid, total protein, and carbohydrate contents. 

This study represents a detailed report of phenolic compounds in mamey apple pulp. The metabolite profi ling associated with the antioxidant potential represents 
an important step to the bioactive molecules characterization. The results showed that the accessions studied contained three main classes of phenolic compounds: 
fl avan-3-ols, phenolic acids and fl avonols. Those phenolic compounds characterization was then carried out fi rst using liquid chromatography (HPLC) coupled to Diode 
Array Detector (DAD). Finally, spectral characteristics and fragmentations were acquired by Mass Spectrometry (MS) using the Electrospray Ionization Interface (ESI). All 
the identifi ed compounds are interesting metabolites known for their biological properties and nutritional benefi ts
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Introduction

Mamey apple (Mammea americana) is a fruit with a reddish 

yellow color, aromatic, and edible pulp, popularly known as 

“abricot-pays” in the West Indies. This fruit has an important 

agro-industrial potential and this pulp can be used in salad 

dressing, processed into jam or beverages. Few researches 

dealing with the pulp composition of Mammea americana fruits 

has been reported in the literature. The phytochemical study of 

the fruits focused on the composition of primary metabolites 

such as proteins, fats and carbohydrates. It also showed the 

presence, mainly of carotenoids, vitamin C, coumarins and 

xanthones, known for their biological properties, in particular 
their antioxidant property [1-5]. 

Mammea americana L. (Clusiaceae family) adult trees 
seasonally bear a few hundred large pomes. Mamey apple 
fruits were generally elliptical, presenting a ratio of equatorial 
circumference to longitudinal circumference of close to 1 with a 
diameter of 7-20cm, or sometimes egg-shaped [6]. The average 
weights of the fruits ranged from 560g to 1100g (± 43%). The 
fruit is protected by a thick skin with a leathery appearance, 
making up 20%-27% of the whole fruit weight. The fruits of 
this species contain one to four rough seeds, bitter to resinous, 
representing 7%-21% of the whole fruit weight. The fruit pulp 
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is adhesive to the seeds, according to the accession. The fruit 
texture in the hand was rather fi rm, ranging from 45 to 64 N, 
comparable to the apple (57N).

The whole fruit weight contained around 50% to 60% of 
pulp. The color of the mamey fruit pulp is dominated by a yellow 
to orange hue. Apart from these phenotypic characteristics, 
few publications described the content of bioactive compounds 
in Mammea americana such as total phenolic compounds and 
total fl avonoids [6] and coumarins [7].

Ripe mamey fruits are highly perishable, as it is a climacteric 
fruit. At 27°C, its respiration rate and ethylene production are 
respectively 14 to 20μL CO2 /kg/h and 408μL/kg/h [8]. Fruits 
harvested ripe green can ripen naturally in three to four days 
after harvesting. Storage of fruit harvested at the mature green 
stage at 15 ±2°C under a controlled atmosphere (5.1% CO2, 5.6% 
O2, 89.3% N2) for two weeks delays the ripening process 9. The 
extension of shelf life is an interesting factor for the sale or 
export of good quality fruit.

The fruit pulp is an excellent source of carotenoids and 
some essential vitamins and minerals [5,10,11]. Many secondary 
metabolites such as fl avonoids, triterpenoids and coumarins 
have been identifi ed in different parts of the tree [7] and fi fty-
one constituents of mamey apple pulp, free and glycosidically 
bound volatiles, were also describes [12]. Many parts of this 
tree are used in traditional medicine in Central America and the 
West Indies for the prevention and treatment of a wide number 
of health disorders such as rheumatism, tissue infl ammation, 
indigestion, coughs and for blood pressure reduction [13-
15]. The main traditional non-food use known is as a crop 
insecticide [13,16-18].

In this study we described the nutritional value and 
phenolic composition of the pulp of six mamey apple (M. 
americana) accessions using liquid chromatography coupled 
to Diode Array Detector (DAD). Then, spectral characteristics 
and fragmentations were acquired by Mass Spectrometry (MS) 
using the electrospray Ionization Interface (ESI) analysis. 
This analytical method has been described for the profi ling, 
identifi cation and simultaneous quantifi cation of chemical 
constituents in plants [4,19] and has been used in different 
previous studies [7,20]. This study represents a detailed report 
of phenolic compounds in mamey apple pulp.

Materials and methods

Plant material collection and preparation

Six mamey apple (Mammea americana L.) accessions : 
Sonson, Pavé 11, Lézarde, Ti Jacques, Escouët, Antonio, bearing 
fruits deemed to be of superior pomological and organoleptic 
quality, collected in Martinique by CIRAD botanists, were the 
source of our samples for all the experiments in this study 
[2]. Each accession comes from vegetative multiplication by 
grafting. Ripe fruits were obtained from fi ve-year-old trees. 
All the trees of the studied accessions were grown on the same 
site, the experimental station Rivière Lézarde in Martinique. 
In addition, grafted accessions have the advantage of being 
small trees with fruit within reach, which facilitated their 

harvesting. For each mamey apple accession 30 fruits were 
randomly collected during February - July. The peels, pulp 
and seeds were manually separated from every fruit obtained 
for each mamey apple accession. The pulp was cut into pieces, 
immediately frozen in liquid nitrogen and stored at -80°C until 
chemical analyses. The samples were kept at 4°C overnight 
after removing them from -80°C before analysis. For the 
characterization of phenolic compounds, frozen pulp (-80°C) 
was lyophilized (72h, -80°C, 1 mbar) and reduced to powder. 
All the experiments were performed in triplicate.

Reagents and chemicals

Chemical analyses were carried out on the pulp of the 30 ripe 
fruits collected for each accession studied. The reagents used 
for our nutritional experiments were acquired from Sigma-
Aldrich Co. (Germany). All solvents used for extraction and 
chromatography were of analytical purity and were purchased 
from Fisher Scientifi c (Illkirch, France). The toluene--thiol 
came from Merck (Germany). The water used to prepare the 
mobile phase of specifi c polyphenol analyses was high purity 
water (18MΩ) obtained using a milli-Q water system (United 
States). Chemical standards used to identify and quantify 
polyphenolic compounds were acquired from Sigma-Aldrich 
Co. (Germany) and Extrasynthese SA (France). 

The distilled water used for the other analyses came from a 
bi-distillatory system (Autostill, D-Ionstill). 

Moisture content

Fresh pulp samples (2g of crushed, homogenized pulp) were 
collected from each mamey fruit for moisture determination 
in triplicate, using a ventilated oven at 70°C for 5h at reduced 
pressure (−1 bar). The moisture content was evaluated by the 
direct drying method as per 21 with some modifi cations. The 
homogenized pulp sample (2g) was dried overnight in an air-
oven set at 70°C until constant sample weight was obtained. 
The moisture content was defi ned by the difference between 
initial weight and constant weight after drying.

Ash content

Sample ash content was calculated from a crushed fresh 
pulp sample (2g) following heating to 525±25°C for 5h as per 
the AOAC offi cial method 923.03 (1996).

Lipid content

Lipids were extracted from the sample (2g) after acid 
hydrolysis with 50ml of 8N HCl, at 80°C. The mixture was 
fi ltered and rinsed with boiling water until neutral pH. The 
fi lters were dried. The residues were placed in glass cartridges 
with 140ml petroleum benzene and some pumice stones to 
extract the lipids in a Soxtherm extractor (Gerhardt Laboratory 
Systems, Königswinter, Germany). After extraction, the 
cartridges were oven dried at 101°C. The amounts of lipids were 
determined by different weighing. 

Protein content

The protein content was determined through the 
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quantifi cation of total nitrogen using Kjeldahl’s method. After 
mineralization of the sample (2g) in 25ml of 95% H2SO4 in the 
presence of a catalyst in a Turbotherm mineralizator (Gerhardt 
Laboratory Systems, Königswinter, Germany). The mineralizate 
was distilled, in the presence of soda, in a Vapodest distiller 
(Gerhardt Laboratory Systems, Königswinter, Germany). The 
distillate was collected in 40ml of boric acid 40g l−1 in the 
presence of a few drops of Tashiro’s indicator. The distillate 
was titrated by hydrochloric acid HCl (0.1N). 

Carbohydrate content

This was obtained by subtraction of the amount of other 
constituents from the dry extract (dry extract − (ash + lipids + 
proteins)). Total Carbohydrate (TC) represents the total fi ber, 
starch and sugars content. 

Energy Value (EV)

This is the amount of energy provided by all the Total 
Protein (TP), Total Lipid (TL) and Total Carbohydrate (TC) 
values previously defi ned, expressed in kilocalories or kilojoules 
per 100g of fresh material. It was obtained by the following 
formulas: EV (kcal/100g) = 9 TL+4 TC+4 PT or EV (kJ/100g) = 
37TL+17TC+17PT.

Phenolic compounds of mamey apple pulp charac-
terization

No information was available on the characterization of 
phenolic compounds of mamey apple pulp. Our study focused 
on identifi cation and quantifi cation of these compounds 
present as monomers and polymers. A methodology based 
on combination of chromatography method (HPLC) and mass 
spectroscopy (HPLC-MS-ESI) was applied.

Monomers characterization

Method of extraction: To 400mg of lyophilized pulp powder 
sample, weighed in an Eppendorf tube, were added 1200μL 
methanol: glacial acetic acid (99: 1; v/v). The assembly was 
vortexed and subjected to ultrasound for 15 minutes at room 
temperature (30°C). The mixture was centrifuged at 10 000rpm 
for 15 minutes. After fi ltration (PTFE 0.45μm), the sample 
was injected (20μL) into the UFLC chain. The analyses were 
performed twice.

Liquid chromatographic conditions: Qualitative and 
quantitative analyses of lyophilized mamey apple pulp extracts 
were carried out using an Ultra-Fast Liquid Chromatography 
(UFLC) Shimadzu Prominence (Kyoto, Japan) analytical chain 
comprising the following elements: - two LC-20AD Prominence 
pumps, - an analytical column Lichrocart Lichrospher PR-
18 (250mmx4mm, 5μm) (Merck, Darmstadt, Germany) 
equipped with a pre-column Lichrospher PR-18 (5μm) (Merck, 
Darmstadt, Germany), a DGU-20A5 Prominence degasser, - 
SIL-20ACHT Prominence automatic sample changer, a SPD-
M20A Prominence Diode Array Detector (DAD), and a LC 
Solution software acquisition system (Shimadzu, Kyoto, Japan).

The compounds to be separated were eluted by a 
concentration gradient consisting of:

- Solvent A: water: acetic acid (97.5: 2.5; v/v)

- Solvent B: Acetonitrile.

The gradient elution program used for the LC analysis was 
60 minutes long, during which the percentage of solvent A (%) 
and solvent B (%) evolved according to a timing (m minutes) 
in accordance with the following triplets (%A, %B, m): (97, 3, 
0); (91, 9, 5); (84, 16, 15); (50, 50, 45); (10, 90, 48); (10, 90, 52); 
(97, 3, 55); (97, 3, 60). 

The fl ow rate run was 1 ml/min, the injection volume was 
20μL, the column temperature was 30°C and the detection 
range was between 200 and 800nm. The samples and standard 
solutions were maintained at 4°C before injection. The analyses 
were carried out at three different wavelengths: 280nm for 
fl avan-3-ols monomers and thioether derivatives, 320nm for 
hydroxycinnamic acids and 350nm for fl avonols. Standard 
4g/l solutions were prepared and injected into the UFLC chain 
under the conditions described above. The chromatogram 
peaks obtained for the different extracts were identifi ed by 
comparing their retention time and their UV-visible spectrum 
with those of the analytical standards. The compounds were 
quantifi ed, according to an external calibration, by integration 
of the peaks of the chromatogram obtained.

To obtain additional information and to ensure that there 
was no co-elution phenomenon concerning the identifi ed 
phenolic compounds, we used an Acquity Ultra Performance 
LC™ (UPLC™) device from Waters, coupled with a Brucker 
Daltonics mass spectrometer (Bremen, Germany) with an 
electrospray ionization source (ESI) used in negative mode 
(UPLC-MS-ESI). The characteristics of the analytical column 
were the same as those mentioned above. The mobile phase 
consisted of water: formic acid (99.95: 0.05; v/v) (solvent A) 
and acetonitrile (solvent B). The gradient elution program was 
like the one used for UFLC-DAD analysis. The fl ow rate run 
was 1ml/min and the sample injection volume was 2μL. The 
analyses were performed at 280nm, 320nm and 350nm. Mass 
spectra were generated in ultra-scan mode with m/z ratios of 
between 100 and 900. Nitrogen was used as a nebulizer gas. 
The data was collected and processed by a Bruker Compass 
Data Analysis software acquisition system. Compounds 
identifi cation was based on the analysis of retention times and 
fragmentations acquired by mass spectrometry.

Polymer characterization by thiolysis (or thioacidoly-
sis) reaction

400mg of lyophilized pulp were weighed in an Eppendorf 
tube and 400μL of anhydrous methanol acidifi ed with 
hydrochloric acid (3N) and 800μL of a 5% (v/v) toluene--
thiol solution prepared in anhydrous methanol added. The 
mixture was vortexed and then raised to 40°C for 30 minutes 
stirring every 5 minutes. The thiolysis reaction was stopped by 
lowering the temperature in crushed ice for at least 5 minutes.

After fi ltration (PTFE 0.45μm), the reaction mixture (20μL) 
was extemporaneously injected into the UFLC chain. The 
analyses were repeated twice. Polymeric phenolic compounds 
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were identifi ed and quantifi ed after thioacidolysis by UFLC-
DAD then by UPLC-MS-ESI under the same conditions 
described above. 

Statistical analysis

The statistical analysis was computed using Statgraphics 
centurion 15.2.06 (Statpoint technologies Inc., Virginia, USA). 
The data were analyzed for signifi cant differences (P≤0.05) by 
means of analysis of variance (ANOVA). To identify samples 
that differ from each other, Duncan’s multiple comparison 
tests was conducted. 

Results

Nutritional characteristics of mamey apple acces-
sions

Macronutrients: Water was the main component of mamey 
apple pulp (Table 1). The average moisture content was 85.95%. 
Among the accessions we studied, we found that Sonson 
produced the fruit with the highest water content (88%) while 
Ti Jacques produced the fruit with the lowest water content 
(84%). The ash content was on average of 0.18 g/100g, but 
highly variable, because Escouët pulp contained the highest 
ash content (0.22g100g), and was therefore the richest in 
mineral compounds, while Sonson pulp with half this amount 
(0.11g/100g) had the lowest ash content. 

The six accessions studied had low contents of protein 
(about 0.40g/100g) and lipid (<0.20g/100g). There were no 
statistically signifi cant differences between the levels for these 
compounds in the accessions studied. The measured protein 
contents were lower than those established for other tropical 
fruits and vegetables such as papaya (0.83g/100g), carambola 
(0.9g/100g), dessert banana (1.1g/100g), breadfruit (1.12g/100g) 
or cinnamon apple (1.22g/100g) [22-25]. Indeed, edible fruits 
generally have low protein (less than 5g/100g) and lipid (less 
than 2g/100g) contents.

Total carbohydrates were quantitatively the second 
component of mamey apple pulp. The accessions we studied 
exhibited on average a variation range of total carbohydrates of 
between 12 and 16g/100g. Mamey apple pulp is consumed as a 
dessert fruit because of its sweet taste. 

The nutritional data we obtained are like the few data found 
in the literature [26,27], except for the total carbohydrate 
content and therefore the energy value which are higher. The 
Pavé 11, Lézarde and Ti Jacques accessions bore fruits with their 
pulp richer in total carbohydrates (between 13 and 16g/100g) 
and were the most energy-rich (between 56 and 65 kcal/100g). 
This fi nding leads us to suppose that these differences with 
the data in the literature may be due to several factors: the 
singularity of the accessions studied the pedoclimatic effects, 
post-harvest changes and/or the more or less advanced stage 
of maturity of the fruits [27].

Phenolic nutrients: The signifi cant differences between 
accessions in amounts of total phenolic compounds observed 
were probably due to their genotype because they developed 
under the same ecological conditions and according to the 
same cultivation method (Table 1). 

Total phenolic compounds and total fl avonoids contents 
in mamey apple pulp have already been established [6]. The 
results of a main component analysis and a hierarchical 
ascending classifi cation of the six accessions studied, had 
shown that Pavé 11 and Lézarde accessions were in the same 
homogeneous group. They would therefore be grouped in the 
same set (Pavé 11-Lézarde) for the characterization of phenolic 
compounds.

Preliminary considerations: The composition of the extraction 
solvent is a parameter that can strongly infl uence the effi ciency 
of extraction, as well as the resolution of chromatographic 
peaks. Methanolic, acetonic, ethanolic or waterless solvents are 
the most used [28]. We therefore set up preliminary analyses 
to determine the most suitable solvent for chromatographic 
analysis of our samples. Two solvents of different natures were 
tested: 

- A methanol: acetic acid solvent (99: 1; v/v) (A)

- An acetone: water: acetic acid solvent (70: 29: 1; v/v/v) (B). 

We observed that the chromatographic peaks of methanol 
extracts (A) were well resolved at the different wavelengths 
analyzed. However, the elution profi le of the hydroacetone 
extracts (B) at 280nm, 320nm and 350nm showed poor 
chromatographic peak separation, making qualitative 

Table 1: Nutritional characteristics of the pulp of the six accessions of mamey apple studied.
Accession Moisture (g/100g) Ashes (g/100g) Total proteins (g/100g) Total lipids (g/100g) Total carbohydrates (g/100g) Energy value (kcal /100g)

Sonson 88±3.5c 0.11±0.06a 0.40±0.08a Traces 
(< 0.20)a 12±3.4a 49±13.9a

Pavé 11 85±1.8b 0.17±0.08ab 0.40±0.13a Traces
 (< 0.20)a 14±1.9b 58±7.3b

Lézarde 86±1.7b 0.14±0.07ab 0.42±0.13a Traces 
(< 0.20)a 13±1.7b 56±7.1b

Ti Jacques 84±2.5a 0.18±0.09b 0.42±0.08a Traces 
(< 0.20)a 16±2.5c 65±10.1c

Antonio 87±0.0b 0.17±0.01b 0.43±0.04a Traces 
(< 0.20)a 12±0.0b 54±0.1b

Escouët 86±0.1b 0.22±0.02c 0.47±0.04a Traces 
(< 0.20)a 13±0.1b 54±0.5b

(Values in the table are average values of three independent measures± standard deviation. Values within the same column with different superscript letters a. b. c are 
signifi cantly different (P <0.05 according to Duncan’s test of ANOVA analysis).
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and quantitative analysis relatively diffi cult. Indeed, the 
chromatograms were characterized by an increase in the 
baseline over most of the profi le, particularly at 280nm. The 
total phenolic compounds content was determined according 
to the Folin-Ciocalteu method, on both extracts according 
to the protocol described previously [6]. The assay was 
repeated three times and the results were expressed in mg 
gallic acid equivalent per 100g of fresh material. We noted 
that the total phenolics content of the hydroacetone extract 
(118.26mg/100gF.W.) was at least three times higher than 
that of the methanol extract (34.72mg/100g F.W.). From a 
quantitative point of view, phenolics compounds are therefore 
better extracted in hydroacetone solvent. The objectives of 
our study being not only quantitative but also qualitative, we 
retained the methanol solvent giving a better resolution of the 
chromatographic peaks for HPLC analysis of the extracts.

Qualitative analyses of crude phenolic compounds: LC analysis: 
the identifi cation of the compounds present in the pulp extracts 
of the different accessions is based on the comparison of their 
absorption spectrum and their retention time with those of 
the standards analyzed under the same conditions. There was 
a great similarity in phenolics composition of the different 
accessions. Given this great similarity, only the elution profi le 
of the Pavé 11-Lézarde accession is presented (Figure 1). The 
chromatographic profi le of the compounds from the extracts was 
monitored at 280nm, the characteristic wavelength of phenolic 

compounds. Indeed, the phenolic cycle is characterized by a 
maximum absorption peak at 280nm. The B cycle of fl avones 
and fl avonols is generally characterized by an absorption peak 
in the range 300nm to 380nm. The hydroxycinnamic acids 
have a maximum absorption peak at 320nm. This is the reason 
why chromatograms at characteristic wavelengths of 320nm 
and 350nm were also analyzed. There were seven characterized 
compounds grouped into three classes of monomeric phenolic 
compounds according to the profi les and absorption maxima of 
the UFLC-DAD spectra:

• First class: Flavan-3-ol (Characterization wavelength, 
280nm)

‒ (-)-epicatechin  a polar compound (1) Retention 
time: 15.2 min.

• Second class: Hydroxycinnamic acids (Characterization 
wavelength, 320nm)

‒ Hexoside derivative of sinapic acid  (2) Retention 
time: 19.9 min.

‒ Hydroxycinnamic acid, unidentifi ed (3) Retention 
time: 24.8 min.

‒ Hydroxycinnamic acid, unidentifi ed 4) Retention time: 
31.5 min.

 

Figure 1: Chromatograms of the methanol extract of Pavé 11-Lézarde obtained by UFLC-DAD analysis. 1: (-)-epicatechin; 2: Hexoside derivative of sinapic acid; 3: 
Hydroxycinnamic acid 1; 4: Hydroxycinnamic acid 2; 5: Hydroxycinnamic acid 3; 6: Quercetin-3-O-galactoside (or Hyperoside); 7: Quercetin-3-O-glucoside (or Isoquercitrin).
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‒ Hydroxycinnamic acid, unidentifi ed (5) Retent (ion 
time: 32.28 min.

• Third class: Flavonols (quantifi cation wavelength, 
350nm)

‒ Quercetin-3-O-galactoside (6) Retention time: 22.0 
min.

‒ Quercetin-3-O-glucoside   (7) Retention time: 22.4 
min.

The same compounds are observed for the other samples 
(Sonson, Escouët, Antonio and Ti Jacques) with relative 
differences in peak intensity. Hydroxycinnamic acids, found 
in our samples, are a majority class of phenolic compounds. 
They are widespread in the plant kingdom and known for 
their signifi cant biological effects [29,30]. However, three 
other compounds such as (-)-epicatechin, quercetin-3-
O-galactoside and quercetin-3-O-glucoside were clearly 
identifi ed in our extracts. They are also found in apples, red 
grapes, apricots and mangos [31-35]. As for anthocyanins, the 
analysis of chromatograms obtained at 520nm revealed that 
these compounds were absent from our samples.

In order to confi rm the identifi ed compounds (1, 2, 6 and 
7), and try to identify molecules 3, 4 and 5 and to characterize 

the other chromatographic peaks, we decided to associate 
UFLC-DAD method and UPLC coupled with mass spectrometry 
(UPLC-MS-ESI).

UPLC-MS-ESI analyses: After analysis of retention times, 
spectral characteristics and fragmentations acquired by UPLC-
MS-ESI, we identifi ed or attempted to identify 33 compounds 
in mamey apple pulp extracts. 

The analytical data recorded by MS for each chromatographic 
peak are presented in Table 2. 

The compounds identifi ed in mamey pulp extract by UPLC-
MS analysis are reported in the Figure 2. 

Compounds 1 to 33 presented in Table 2.

The phenolic classes found in our samples are cited below: 

• First class: fl avan-3-ols including one monomeric 
compound and 6 dimers or trimers subform (peaks n°8, 
14, 15, 18, 20, 21, 33),

• Second class: 10 glycosylated hydroxycinnamic acids 
and some derivatives (peaks n° 4, 10, 11, 12, 13, 16, 23, 
25, 26, 32), 

‒ 6 glycosylated hydroxybenzoic acids and some 
derivatives (peaks n° 2, 3, 5, 9, 17, 24),

 

Figure 2: Compounds identifi ed in Pavé 11-Lézarde pulp extract by UPLC-MS analysis. 
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to a sugar molecule or by an ether, ester or acetal type bond to 

another molecule. These compounds are of growing interest 

and are increasingly studied for their antioxidant activity 

[34]. We observed that the phenolic acids characterizing our 

Table 2: Compounds identifi ed in pulp extracts from mamey apple fruits, by UPLC-MS analysis.
Peak Rt (min) λ max (nm) [M-H] - (m/z) MS2 (m/z) MS3 (m/z) Propositions des structures

1 4.3 285 277 161. 233 143. 113 n.i
2 7 279 331 169 gallic acid hexoside
3 7.3 254-287 315 153 protocatechuic acid hexoside
4 8.1 272 165 153 150 hydroxyphenyl propionic acid
5 8.4 263-299 359 197 syringic acid hexoside
6 8.55 271 495 297 253. 177 n.i
7 9.4 275-330 479 281. 237 237. 171. 207 n.i
8 10 270 577 425. 407. 289 Procyanidin B1
9 10.3 268 313 295. 255. 181 Syringaldehyde pentoside

10 11.1 283 243 163. 199 some derived of coumaric acid
11 11.6 274-320 341 179 135 Caffeoyl hexoside
12 12.3 315 325 163 Coumaroyl hexoside
13 12.8 285-308 369 223. 205 Sinapoyl deohyhexose
14 13.2 278 865 695. 577. 407 289. 405. 451. 677 Procyanidin trimer
15 13.6 280 577 425. 407. 289 285. 389 Procyanidin B2
16 13.8 275 355 193. 217. 175 133. 177 Feruloyl hexoside
17 14.8 278-320 557 359. 197 197 derived of syringic acid hexoside
18 15.2 279 289 245. 205 203 (-)-Epicatechin
19 15.5 270 281 237. 171 171. 189. 207 n.i
20 16.4 279 865 695. 577. 407 289. 405. 451. 677 Procyanidin trimer
21 17.8 276-320 865 695. 577. 407 289. 405. 451. 677 Procyanidin C1
22 18.2 276-315 385 n.i
23 19 280-313 583 385 223.179 sinapic acid hexoside +216
24 19.6 280-319 557 521 359 syringic hexoside acid+216
25 19.9 318 583 385 223. 179 sinapic acid hexoside +216
26 20.5 275 583 385 223. 179 sinapic acid hexoside +216
27 20.7 258-278-302 527 377.257 257 n.i
28 22 254-354 463 301 300. 179. 151 Quercetin hexoside (hyperoside)
29 22.3 249-350 463 301 300. 179. 151 Quercetin hexoside (isoquercitrin)
30 22.6 255 289 n.i
31 23.2 250-354 433 301 179. 151 Quercetin pentoside
32 24.8 259-315 385 223. 179 179 sinapic acid hexoside
33 27.3 270 577 425. 407. 289 Procyanidin B5

(Rt: Retention time; n.i: not identifi ed)

Table 3: Phenolic compounds contents in the pulp of the 5 accessions studied.
Peak Rt (min) Compound Response coeffi  cient (mole/uDO) Ti Jacques Pavé11-Lézarde Antonio Escouët Sonson

18 15.2 (-)-epicatechin 4.98×10-15 2.40±0.01 1.96±0.03 2.47±0.05 2.38±0.01 2.16±0.02

25 19.9 Derived of sinapic acid 
hexoside

9.62×10-16

(Eq. chlorogenic acid) 2.25±0.00 1.96±0.01 1.30±0.01 1.12±0.00 1.56±0.02

32 24.8 sinapic acid hexoside Eq. chlorogenic acid 0.90±0.00 1.12±0.01 0.65±0.00 0.42±0.00 0.72±0.02
34 31.5 AHC 2 Eq. chlorogenic acid 0.30±0.00 0.28±0.00 0.39±0.00 0.42±0.00 0.48±0.00
35 32.28 AHC 3 Eq. chlorogenic acid 0.12±0.00 0.12±0.01 0.05±0.00 0.12±0.02 0.06±0.00

28 22 Hyperoside 1.45×10-15

(Eq. quercetin) 0.06±0.00 0.04±0.00 0.06±0.01 0.04±0.00 0.03±0.00

29 22.3 Isoquercitrin Eq. quercetin 0.19±0.02 0.18±0.01 0.08±0.00 0.14±0.03 0.06±0.00
Contents in mg/100g of fresh material; Rt: Retention time in minutes; HCA: Hydroxycinnamic Acid.

Table 4: Procyanidins contents in the pulp of the 5 accessions studied.
Accessions B1 B2 B5 C1

Antonio 0.43±0.03 0.04±0.00 0.11±0.02 3.42±0.03
Escouët 0.59±0.05 0.06±0.01 0.09±0.00 3.48±0.02

Pavé 11-Lézarde 0.78±0.00 0.07±0.00 0.12±0.00 0.50±0.00
Sonson 0.63±0.01 0.07±0.00 0.05±0.00 3.08±0.02

(Contents in mg eq. epicatechin/100 g of fresh weight).

• Third class: 3 glycosylated fl avonols (peaks n° 28, 29, 31).

Phenolic acids represent one third of dietary phenols. They 

are generally found in almost all plants in free form or bound 
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extracts were generally glycosylated. On the other hand, caffeic 
acid is the major representative compound of hydroxycinnamic 
acids. It is found in foods mainly as chlorogenic acid (or 
5-caffeoylquinic acid) [29]. In the case of our samples, it was 
present only in glycosylated form. In addition, the analyses 
performed by coupling UFLC with MS made it possible to:

‒ Confi rm the presence of a hexoside derivative of sinapic 
acid (peak n° .25) which would be bound to a compound 
characterized by an m/z ratio of 216,

‒ To highlight the presence of sinapic acid hexoside (peak 
n° 32).

The other two hydroxycinnamic acids detected by UFLC-
DAD previously, at retention times of 31.5 and 32.28 minutes 
(peak n° 34 and 35 in Figure 2), could not be identifi ed by 
UFLC-MS. On the other hand, we noticed that for retention 
times between 19 and 20.5 min, we obtained many phenolic 
acids bound to a compound with an m/z ratio of 216.

Concerning the fl avan-3-ols class, we clearly identifi ed 
(-)-epicatechin, very often present in fruits such as grapes and 
in tea [20,36].

Flavonols are generally represented in fruits by myricetin, 
quercetin and kaempferol. Quercetin, present in many fruits, 
vegetables and drinks, is the majority fl avonol in our diet [29]. 
Two of the detected fl avonols (peaks n° 28 and 29) were clearly 
characterized: quercetin-3-O-galactoside and the quercetin-
3-O-glucoside. We also detected a quercetin linked to a pentose 
(peak n° 31).

Based on the fragmentation patterns and spectral 
characteristics reported in the literature, we have attempted to 
propose structures for compounds 1 and 3 (Table 2). According 
to Liu and collaborators [19], hydrated meranzin, belonging to 
the coumarin family, has the same fragmentation pattern as 
compound no.1 contained in our samples (m/z[m-H]-= 277 and 
m/z MS2= 233). Based on the fragmentation scheme obtained 
by Perestrelo and coworkers [20], compound no.3 would be a 
protocatechuic acid bound to a glucose molecule (m/z[m-H]-= 
315 and m/z MS2= 153).

Quantitative analyses of crude phenolic compounds: The results 
of quantitative analyses of monomeric phenolic compounds are 
given in Table 3. Not all compounds were quantifi ed because 
there are no commercial standards.

Among the 7 quantifi ed monomeric phenolic compounds, 
we observed that (-)-epicatechin (peak n° 18), followed by the 
sinapic acid derivative hexoside (peak n° 25) were the majority 
compounds in the pulp extracts. Antonio and Ti Jacques 
gave the extracts containing the highest concentrations of 
(-)-epicatechin (2.47mg/100g F.W.) and sinapic acid hexoside 
derivative (2.25mg/100g F.W.) respectively. (-)-epicatechin is 
found in greater amounts in apples (golden) at 5.9mg/100g 
F.W [31]. Among the 2 quantifi ed fl avonols, isoquercitrin (peak 
n° 29) is the majority compound with values three times higher 
than those of hyperoside (peak n° 28). Only the pulp from 
Antonio and Sonson stood out with very low concentrations of 
isoquercitrin compared to other accessions.

The results of the quantitative analyses of dimeric and 
trimeric procyanidins identifi ed in our samples are presented 
in Table 4.

Among the procyanidins detected, trimer C1 was the 
majority compound in pulp extracts. Only pulp from Pavé11-
Lézarde had content about seven times lower (0.50mg/100g 
F.W.) than the other accessions. Concerning the dimers 
identifi ed, dimer B1 was the most abundant. We observed 
that the pulp from Pavé 11-Lézarde was the richest in dimers 
B1, B2 and B5. Apple (golden) contains much higher levels of 
procyanidins B2 (7.2mg/100g F.W.) than our samples [31].

The chromatograms obtained by UFLC-DAD at 280nm and 
360nm after thiolysis showed great similarity in the composition 
of the different samples. Regarding the compounds identifi ed 
and quantifi ed after the thiolysis reaction, we observed that 
the procyanidins contained in our samples corresponded 
to catechin and epicatechin polymers without galloylation. 
(+)-catechin was found only as a terminal unit whereas 
(-)-epicatechin could constitute both an extension unit and a 
terminal unit. Guyot and coworkers [31] showed that is also the 
case for apples (Golden). The results of the analyses revealed 
that Pavé11-Lézarde followed by Ti Jacques had the highest 
concentrations of (-)-epicatechin benzylthioether. In addition, 
we observed that according to the accessions, the DPn (average 
polymerization degree) varied from 18 to 33. Pavé 11-Lézarde 
stood out with the highest DPn (33). The DPn for the other 
accessions were between 18 and 25.

The procyanidins contained in the mamey apple pulp 
therefore consisted primarily of (-)-epicatechin, with an 
average DP of about 24. This value is four times higher than 
that of the apple (Golden), which indicates that our samples 
contain a higher concentration of oligomeric procyanidins.

Literature review on the mamey apple showed that no 
information was available on the characterization of phenolic 
compounds in the fruit pulp. Our study therefore focused on the 
identifi cation and quantifi cation of these compounds present 
in monomer and polymer form. Our results showed that our 
5 extracts contain three main classes of phenolic compounds: 

• Flavan-3-ols in the form of monomers, dimers and 
trimers, 

• Phenolic acids (hydroxycinnamic acids and 
hydroxybenzoic acids),

• Flavonols. 

These are compounds naturally present in many fruits and 
known for their important biological effects. Of the accessions 
studied, the pulp from Pavé11-Lézarde stood out with the 
highest content in dimers B1, B2 and B5 and the highest 
degree of polymerization (33.0). Antonio and Ti Jacques also 
stood out with extracts characterized by higher concentrations 
of (-)-epicatechin and hexoside derivatives of sinapic acid, 
respectively.

The complexity of the extracts and the absence of 
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information in the literature on phenolic compounds in the 
fruit pulp prevented us from identifying all the compounds 
detected. Thus, subsequent studies are to be carried out using 
other analysis tools (LC/MS, RMN) to:

‒ Confi rm the results obtained,

‒ Undertake more in-depth structural elucidations,

‒ Allow the localization and determination of the sugars 
present.

Conclusion

The present study focused on the identifi cation and 
quantifi cation of phenolic compounds present in monomer 
and polymer form in the fruit pulp. We applied a methodology 
essentially based on the combination of chromatography liquid 
methods (UFLC-DAD and UPLC-MS-ESI). 

We focused on identifying bioactive compounds and 
quantifying phenolic compounds present in monomer and 
polymer form, using UFLC-DAD and UPLC-MS analyses. The 
results showed that the accessions studied contained three 
main classes of phenolic compounds: fl avan-3-ols in the form 
of monomers ((-)-epicatechin), and of polymers procyanidins 
(dimers (B1, B2, and B5) and trimer (C1)), phenolic acids 
(hydroxycinnamic acids and hydroxybenzoic acids) and 
fl avonols, all known for benefi cial effects on health. The 
procyanidins in our samples were catechin and epicatechin 
polymers. (+)-catechin was found only as a terminal unit 
whereas (-)-epicatechin could constitute both an extension 
unit and a terminal unit. Also, procyanidins in mamey apple 
pulp had an average DPn of about 24. 

Among the accessions studied, Pavé 11-Lézarde fruit stood 
out with pulps containing higher concentrations of dimers B1, 
B2 and B5 and with the highest degree of polymerization (DP= 
33). Antonio and Ti Jacques also stood out with higher levels 
of (-)-epicatechin and hexoside derivatives of sinapic acid 
respectively.
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