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ABSTRACT
Background: Manilkara subsericea  (Sapotaceae) is a species 
widely spread in the sandbanks of Restinga de Jurubatiba National 
Park  (Rio de Janeiro, Brazil). It is commonly known as “maçaranduba”, 
“maçarandubinha” and “guracica,” being used in this locality as food, and 
timber. However, M. subsericea remains almost unexplored regarding 
its chemical constituents, including secondary metabolites from the 
leaves. Objective: Identify the chemical constituents from the leaves of 
M. subsericea. Materials and Methods: Leaves were macerated with 
ethanol  (96%  v/v), and dried crude ethanolic extract was sequentially 
washed with the organic solvents in order to obtain an ethyl acetate fraction. 
Substances from this fraction were identified by different techniques, 
such as negative‑ion electrospray ionization Fourier and 1H and 13C nuclear 
magnetic resonance  (NMR). Fresh leaves from M. subsericea were also 
submitted to hydrodistillation in order to obtain volatile substances, which 
were identified by gas chromatograph coupled to mass spectrometer. 
Results: NMR1H and 13C spectra allowed for the identification of the 
compounds myricetin, quercetin, and kaempferol from the ethyl acetate 
fraction. The negative‑ion electrospray ionization Fourier transform ion 
cyclotron resonance mass spectrometry mass spectrum also revealed the 
presence in this fraction of a polyhydroxytriterpene acid  (pomolic acid), 
and some flavonoids, such as quercitrin, and myricitrin. In all 34 volatile 
compounds were identified by gas chromatography‑mass spectrometry, 
including monoterpenes, sesquiterpenes, and long chain hydrocarbons. 
Conclusion: This study describes the first reports concerning the 
phytochemical information about leaves from M. subsericea.
Key words: Essential oil, flavonoids, Manilkara subsericea, mass 
spectrometry, pomolic acid, sapotaceae

SUMMARY
•  Manilkara subsericea fruits proved to be a rich source of triterpenes. However, 

no phytochemical studies were carried out with leaves. Thus, we described 

identification of volatile substances from its essential oils, in addition to non-

reported triterpene and flavonoids from this species.
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INTRODUCTION
Sapotaceae family contains 58 genus, and approximately 1250 species 
with morphological variation, ranging from shrubs to medium, and 
giant trees.[1] Brazil comprises of 11 genera, and 231 species, including 1 
endemic genus, and 104 endemic species.[2] This family has the following 
synapomorphies, well‑developed, elongate laticifers with white latex; 
2‑branched hairs, brownish, T‑shaped; berry fruits, seeds usually with a 
hard shiny testa, and large hilum.[3]

The genus Manilkara Adans. is constituted by 30 species in the neotropics, 
been approximately 20 species found in Africa, and 12 species found 
in Asia, and Pacific.[4] Brazil has 18 species, being 15 endemic to this 
country.[5] The genus Manilkara is characterized by calyx of 2 whorls of 
3 sepals, presence of staminodes and hilum shape seed.[5‑7] Due to this 

genus circumscription, some species of the genera Achras, and Mimusops 
were included in Manilkara.[6]
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Manilkara subsericea  (Mart.) Dubard is an endemic species from 
Brazilian Atlantic Rain Forest,[5] commonly known as “maçaranduba”, 
“maçarandubinha”, and “guracica”. It is widely distributed at Restinga de 
Jurubatiba National Park (Rio de Janeiro State, Brazil), being used in this 
locality as food, and timber.[8] This species also develops a main role in 
the ecology of Restinga de Jurubatiba, being an important host plant for 
some Lepidoptera species,[9] and for porcupine (Chaetomys subspinosus) 
feeding.[10] Despite some biological and chemical investigations were 
carried out with M. subsericea, to our knowledge, there is no information 
concerning secondary metabolites from leaves of this species. Thus, the 
aim of the present study was to perform phytochemical characterization 
of leaves from M. subsericea using spectroscopy methods such 
as nuclear magnetic resonance  (NMR) 1H, and 13C, negative‑ion 
electrospray ionization Fourier transform ion cyclotron resonance mass 
spectrometry  (ESI(‑) FT‑ICR‑MS) MS, and gas chromatography  (GC/
MS) mass spectrum.

MATERIALS AND METHODS
Plant material
Leaves of M. subsericea were collected at Restinga de Jurubatiba National 
Park, Rio de Janeiro State, Brazil  (22°14’46’’S‑41°34’56’’W), October 
2010 by Dr.  Caio Pinho Fernandes. Identification was performed by 
the botanist Dr.  Marcelo Guerra Santos, and voucher specimen of M. 
subsericea was deposited at the herbarium of the Faculdade de Formação 
de Professores (Universidade do Estado do Rio de Janeiro, Brazil) under 
the register number RFFP 15316. The nomenclatural update was realized 
in Lista de Espécies da Flora do Brazil  (http://floradobrasil.jbrj.gov.br/
jabot/listaBrasil/PrincipalUC/PrincipalUC.do), and the plant list: A 
working list of all plant species (http://www.theplantlist.org/).

Preparation of extracts
Leaves  (0.84  kg) were dried at 40°C for 2  days, and then extensively 
crushed, and macerated  (15  L) in ethanol  (EtOH) 96%  (v/v) at room 
temperature. After filtration, the ethanolic extract was concentrated 
under vacuum using a rotary evaporator equipped with the water 
bath  (35°C)  (Fisatom, SP) in order to obtain 109.5  g of the ethanolic 
crude extract from leaves. This dried extract was sequentially washed 
with n‑hexane (5 × 2000 mL), and dichloromethane (5 × 2000) in order 
to remove the less polar constituents from the extract. The insoluble 
fraction was washed with ethyl acetate  (5  ×  2000  mL). The ethyl 
acetate‑soluble fraction was filtered, and concentrated under the vacuum 
using the rotary evaporator, affording 17.3 g of the ethyl acetate fraction 
from leaves (EAL).

Isolation of substances
The ethyl acetate‑soluble fraction from leaves was fractionated through 
column chromatography using the Amberlite XAD‑2 resin (Sigma‑Aldrich, 
St. Louis). Elution was performed with water, methanol/water 
mixtures  (5:95  →  9:1), methanol, and acetone. Fractions 28–40 were 
pooled together according to the thin layer chromatography  (TLC) 
profile, and purified on Sephadex LH‑20 using methanol as mobile phase, 
affording 1 (40.2 mg), 2 (35.7 mg), and 3 (11.9 mg). Fractions 8–19 were 
pooled together according to the TLC profile, and chromatographed 
in C‑18 reversed phase silica gel  (Sigma‑Aldrich, St. Louis) using 
gradient of mobile phase constituted by methanol solutions  (v/v) in 
water (60%→63%).Final purification on Sephadex LH‑20 using methanol 
as mobile phase afforded a fraction (7.4 mg) containing 4 and 5. Fractions 
41–52 was submitted to silica gel chromatography column using an 
isocratic system of mobile phase  (n‑hexane: ethyl acetate: methanol, 
5:5:1), affording a fraction (9.7 mg) constituted by 6.

Essential oil extraction
Fresh leaves  (340  g) from M. subsericea were ground with distilled 
water using an automatic blender (Ética Equipamentos Científicos SA, 
Brazil). Hydrodistillation method was employed for 3 h using Clevenger 
apparatus, and plant material was placed in a 5 L flask. At the end of the 
extraction, the essential oil was collected with n‑hexane, dried over a 
hydrous sodium sulfate, and stored at 4°C for further analyzes.

Chemical analysis
1H and 13C NMR spectra of 1, 2, 3, and 6 were recorded at 500, and 
125 MHz, respectively, on a Varian VNMRS 500 MHz spectrometer. 
Deuterated methanol was used for solubilization of flavonoids while 
deuterated DMSO was used for solubilization of triterpene fraction. The 
solvents were obtained from Cambridge Isotope Laboratories  (USA), 
and TMS peak was used as an internal standard.
Substances 4, 5, and 6 were analyzed by negative‑ion electrospray 
ionization fourier transform ion cyclotron resonance MS, 
ESI(−)‑FT‑ICR MS.[11‑13] Briefly, each sample was diluted to ≅ 1.0 mg/
mL in acetonitrile  (containing 0.1%  w/v of NH4OH). The resulting 
solution was directly infused at a flow rate of 5 μL/min into the ESI 
source. The mass spectra were acquired over a mass range of m/z 200–
2000. The ESI source conditions were as follows: nebulizer gas pressure 
of 0.5–1.0 bar, the capillary voltage of 2.5–3.5 kV, and transfer capillary 
temperature of 250°C. All mass spectra were externally calibrated 
using a NaTFA (m/z from 200 to 1200). A resolving power (m/Δm50% 
≈530,000, in which Δm50% is the full peak width at half‑maximum 
peak height) of m/z400 and a mass accuracy (mass error) of <1 ppm 
provided unambiguous molecular formula assignments for singly 
charged molecular ions. Mass spectra were acquired and processed 
using the software package, Compass Data Analysis (Bruker Daltonics, 
Bremen, Germany). ESI(‑)‑MS/MS experiments were collected after 
4–40 eV collision‑induced dissociations  (CID) with argon. Selection 
of ion was performed by quadrupole, using a unitary m/z window, 
and collisions were performed in the Rf‑only hexapole collision cell, 
followed by mass analysis of product ions by the ultra‑high resolution 
ICR analyzer.
The essential oil was analyzed by a GC/MS‑QP2010  (SHIMADZU) 
gas chromatograph equipped with a mass spectrometer using electron 
ionization. The GC conditions were as follows: Essential oil: Injector 
temperature, 260°C; detector temperature, 290°C; carrier gas (Helium), 
flow rate 1  mL/min, and split injection with split ratio 1:40. Oven 
temperature was initially 60°C and then raised to 290°C at a rate of 
3°C/min. The sample was diluted with n‑hexane (1:100, v/v) and injected 
at RTX‑5 column (i.d. =0.25 mm, length 30 m, film thickness = 0.25 µm). 
The MS conditions were voltage, 70 eV, and scan rate; 1 scan/s. The 
retention indices were calculated by the interpolation of retention 
times of the substances to the retention times of a mixture of aliphatic 
hydrocarbons  (C7‑C40)  (Sigma) analyzed in the same conditions.[14] 
The identification of substances was performed by comparison of their 
retention indices and mass spectra with those reported in the literature.[15] 
MS fragmentation pattern of compounds was also checked with NIST 
mass spectra libraries. Quantitative analysis of the chemical constituents 
was performed by GC‑flame ionization detector (GC/FID), under same 
conditions of GC/MS analysis and percentages obtained by FID peak 
area normalization method.

RESULTS AND DISCUSSION
Chemical structures from the substances identified after fractionation of 
ethyl acetate‑soluble fraction from leaves of M. subsericea are presented 
in Figure 1. 1H NMR spectrum of 1 (CD3OD, 500 MHz) showed the two 
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doublets at δH 6.18 (J = 1.45 Hz) and δH 6.38 (J = 1.45 Hz) attributable, 
respectively, to the protons H‑8 and H‑6, and a two‑proton singlet 
observed at δH 7.34, corresponding to the B‑ring aromatic protons H‑2’ 
and H‑6’ of a flavonol. The signals observed in the 1H and 13C NMR 
spectrum are in accordance with the literature data for myricetin.[16] The 
substances 2 and 3 had their 1H and 13C NMR spectra compared with 
the literature data[17,18] and, therefore, were respectively, identified as 
quercetin, and kaempferol.
The remaining flavonoids, 4 and 5, were analyzed by 
ESI(−)‑FT‑ICR MS  [Figure  2a‑d]. For FL4  [Figure  2a], 
ESI(‑)‑FT‑ICR mass spectrum, detected the presence of the 
O‑glycosideo‑flavonol‑myricitrin  (M  =  C21H20O12), ions of m/z 

463.0882 ([M − H]−), 499.0651 ([M + Cl]−) and 927.1844 ([2M − H]−) 
as deprotonated molecule, chlorine adduct and dimer, respectively. 
A  double bound equivalents  (DBE) of 12 found for ions  [M–H]− 
and  [M  +  Cl]− agrees with the chemical structure of myricitrin, that 
presents two aromatic rings (DBE = 8), one rhamnose (DBE = 1), and 
a ring containing one double bond, and a ketone group (DBE = 3). To 
confirm the myricitrin detection, ESI(‑)‑MS/MS was performed for 
the ion of m/z 463 [Figure 2c]. The CID of [M − H]− of m/z 463 agrees 
well with its structure and connectivity, producing fragments with m/z 
316, corresponding to the neutral loss of C6H11O4. For FL5 [Figure 2b], 
ESI(‑)‑FT‑ICR mass spectrum identified, simultaneously, ion [M − H]− 
of m/z463.0882, and ions  [N  −  H]− and  [N  +  Cl]− of m/z 447.0933 
and 483.0703, respectively, where N  =  C21H20O11, corresponding to 
the O‑glycoside flavonol quercitrin. CID experiment of the ion of m/z 
447 [Figure 2d], produces fragments of m/z 301, and 284 corresponding 
to the neutral losses of C6H10O4 and one rhamnose molecule.
Some flavonoids are isolated and identified on the present study, have 
also been found in this genus. Quercetin was identified on Mimusops 
manilkara G. Don  (Manilkara kauki  (L.) Dubard), and Mimusops 
littoralis Kurz  (M. littoralis  (Kurz) Dubard),[19,20] while myricetin was 
identified on Achras zapota L. (Manilkara zapota (L.) P. Royen).[21] The 
glycosylated flavonoids quercitrin and myricitrin were isolated from M. 
zapota.[22]

Chromatographic fractionation of the EAL also afforded a white powder. 
ESI(‑) FT‑ICR mass spectrum of the fraction revealed the presence of 
precursor ions [C30H48O4

 − H]−, [C30H48O5
 − H]− and [C30H48O6

 − H]− of 
m/z 471, 487 and 503, being attributed to dihydroxy, trihydroxy, and 
tetrahydroxytriterpene acids  [Figure  3], which is in accordance with 
the derivatives from ursolic, and oleanolic acids. 13C NMR spectra of 
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Figure 1: Chemical structures of flavonoids and triterpene from leaves of 
Manilkara subsericea (1: Myricetin R1 = R2 = R3 = R4 = OH, 2: Quercetin 
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Figure 2: Negative-ion electrospray ionization Fourier transform ion cyclotron resonance mass spectrometry mass spectra for (a) FL4 and (b) FL5 samples 
and collision-induced dissociations experiments for ion of m/z 463 and 447 corresponding to (c) myricitrin and (d) quercitrin
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this fraction showed the typical set of signals for triterpene mixtures. It 
was observed that a typical signal at δc181.0, due to the C‑28 carboxyl 
group of triterpene acid. The presence of C‑12/C‑13 olefinic carbons 
at δc128.4/140.3, as well as the signals of carbons bonded to hydroxyl 
groups at δc 79.8  (C‑3), and 73.1  (C‑19) suggested that the pomolic 
acid  (6) may be the main constituent of this fraction. Assignments 
for pomolic acid are in accordance with the literature data and 
allowed establishment of relative configuration.[23] This triterpene is 
structurally related to ursolic acid and was already found in the family 
Sapotaceae.[24] Considering the predominance of pentacyclic triterpenes 
in M. subsericea[25,26] and wide distribution of these substances through 
genus Manilkara,[19,27‑30] identification of pomolic acid contributes to the 
concept of chemotaxonomic significance of pentacyclictriterpenes in the 
genus Manilkara.
Essential oil obtained from the fresh leaves of M. subsericea was analyzed 
by GC‑MS in order to determine its chemical composition. In all, 34 

substances were identified, mainly comprising of monoterpenes, 
sesquiterpenes, and long chain hydrocarbons, corresponding to 86.5% 
of the total relative composition of the oil [Table 1]. The monoterpene 
linalool was the major substance found, corresponding to 27.6% of the 
total relative composition of the essential oil. The relative amount of each 
substance found is presented in Table 1. It was also observed a substance 
with molecular ion peak (M+) at m/z 296, and characteristic fragments 
at m/z 278, due to the loss of 18 units of mass (M+−H2O), m/z 123 and 
71 (base peak), being in accordance with the literature data for phytol.[31] 
Squalene was detected, presenting main fragments at m/z 341, 95, 81, 
and 69 (base peak), which is in accordance with the literature data.[32]

CONCLUSION
Despite the ecological significance, great abundance, used as food, and 
literature data concerning its biological activities, M. subsericea remains 
almost chemically unexplored. To our knowledge, only secondary 
metabolites from fruits of this species were previously reported. As part 
of our ongoing studies, the present study allowed the identification of 
substances from the leaves of this species, being all substances identified 
for the first time on M. subsericea.

Acknowledgment
The authors would like to thank CNPQ for the financial support.

Financial support and sponsorship 
The authors would like to thank CNPQ (407768/2013-0) and FAPEAP 
(PRODETEC Araguari – process no. 250.203.035/2013) by the financial 
support.

Conflicts of interest
There are no conflicts of interest.

REFERENCES
1.  Bartish  IV, Antonelli  A, Richardson  JE, Swenson  U. Vicariance or long‑distance dispersal: 

Historical biogeography of the pantropical subfamily Chrysophylloideae  (Sapotaceae). 

J Biogeogr 2011;38:177‑90.

Figure 3: Negative-ion electrospray ionization Fourier transforms ion 
cyclotron resonance mass spectrometry of triterpene acids present in the 
leaves Manilkara subsericea

Table 1: Relative abundance of essential oil constituents from leaves of Manilkara subsericea

Substance RI Relative abundance (%) Substance RI Relative abundance (%)
3‑hexen‑1‑ol 850 0.2 Trans‑2‑decenal 1262 0.2
Hexanol 862 0.2 Beta‑damascenone 1388 0.2
2‑heptanone 889 0.1 Beta‑damascone 1418 0.3
Heptanal 902 0.2 Beta‑caryophyllene 1423 0.5
Heptanol 966 0.3 Farnesene 1510 0.3
Octanal 1003 0.2 Caryophyllene oxide 1588 0.7
(3E)‑3‑hexenyl acetate 1006 0.6 Hexadecanoic acid 1969 8.6
Beta‑ocimene 1047 7.3 Eicosene 1994 0.2
Octanol 1069 1.3 Heneicosane 2100 0.3
Linalool oxide 1089 0.5 Phytol 2116 15.6
2‑nonanone 1092 0.2 Docosene 2194 0.4
Linalool 1100 27.6 Tricosane 2300 0.6
Terpineol 1193 0.9 Pentacosane 2500 0.4
Methyl salicilate 1197 1.9 Heptacosane 2700 0.9
Safranal 1202 0.3 Squalene 2832 2.6
Beta‑cyclocitral 1223 0.3 Nonacosane 2900 8.9
Geraniol 1256 0.3 Untriacontane 3100 3.4
Total identified 86.5

RI: Retention indices calculated by interpolation of retention times of the substances to the retention times of a mixture of aliphatic hydrocarbons. GC conditions: 
Injector temperature, 260°C; detector temperature, 290°C; carrier gas, Helium; flow rate, 1 mL/min; split ratio, 1:40. Initial temperature, 60°C; final temperature, 290°C; 
rate of 3°C/min. RTX‑5 column (i.d.=0.25 mm, length 30 m, film thickness=0.25 µm). MS conditions: Voltage, 70 eV; scan rate; 1 scan/s. GC: Gas chromatographic; 
MS: Mass spectrometry



FERNANDA BORGES DE ALMEIDA, et al.: Secondary Metabolites from Manilkara subsericea

Pharmacognosy Magazine, Oct-Dec 2015, Vol 11, Issue 44 (Supplement 4)� S537

2.  Carneiro  CE, Alves‑Araujo  A, Almeida EB Jr, Terra‑Araujo  MH. Sapotaceae. In: Lista de 

Espécies da Flora do Brasil . , Brazil: Jardim Botânico do Rio de Janeiro; 2008. Available from: 

http://www.floradobrasil.jbrj.gov.br/jabot/floradobrasil/FB217. [Last acessed on 2015 Nov 05].

3.  Judd  WS, Campell  CS, Kellogg  EA, Stevens  PF, Donoghue  MJ. Sistemática Vegetal: Um 

Enfoque Filogenético. 3rd ed. PortoAlegre, Brazil: Artmed Editora; 2009.

4.  Pennington  TD. Sapotaceae. Flora da Reserva Ducke, Amazonas, Brasil: Sapotaceae. 

Rodriguésia; 2006. p. 251-366.

5.  Almeida EB Jr. Manilkara. In: Lista de Espécies da Flora do Brasil. Brazil: Jardim Botânicodo 

Rio de Janeiro ; 2008. Available from: http://www.floradobrasil.jbrj.gov.br/jabot/floradobrasil/

FB14473.  [Last accessed on 2015 Nov 05].

6.  Almeida EB Jr. Diversidade de Manilkara Adans. (Sapotaceae) Para o Nordestedo Brasil. PhD 

Thesis, Universidade Federal Rural de Pernambuco. Pernambuco, Brasil; 2010.

7.  Pennington TD. Flora Neotropica, Monographyes no 52 (Sapotaceae). New York, Botanical 

Gardens: Published for Organization for Flora Neotropica; 1990.

8.  Santos MG, Fevereiro PC, Reis GL, Barcelos JI. Recursos vegetais da Restinga de Carapebus. 

Rev Biol Neotrop 2009;6:35‑54.

9.  Monteiro  RF, Macedo  MV, Nascimento  MS, Cury  RS. Composição, abundância e not as 

so brea ecologia de espécies de larvas de lepidópterosassociadas a cincoespécies de 

plant ashospedeiras no Parque Nacional da Restinga de Jurubatiba, RJ. Rev Bras Entomol 

2007;l5:476‑83.

10.  Oliveira  PA, Lima  RB, Chiarello  AG. Home range, movements and diurnal roosts of the 

endangered thin‑spined porcupine, Chaetomys subspinosus  (Rodentia: Erethizontidae), in 

the Brazilian Atlantic Forest. Mamm Biol 2012;77:97‑107.

11.  Colati KA, Dalmaschio GP, Castro EV, Gomes AO, Vaz BG, Romão W. Monitoring the liquid/

liquid extraction of naphthenic acids in Brazilian crude oil using electrospray ionization FT‑ICR 

mass spectrometry (ESI FT‑ICR MS). Fuel 2013;108:647‑55.

12.  Dalmaschio  GP, Malacarne  MM, Almeida  VM, Pereira  TM, Gomes  AO, Castro  EV, et  al. 

Characterization of polar compounds in atrue boiling point distillation system using 

electrospray Ionization FT‑ICR mass spectrometry. Fuel 2014;115:190‑202.

13.  Freitas S, Malacarne MM, Romão W, Dalmaschio GP, Castro EV, Celante VG, et al. Analysis of 

the heavy oil distillation cuts corrosion by electrospray ionization FT‑ICR mass spectrometry, 

electrochemical impedance spectroscopy, and scanning electron microscopy. Fuel 

2013;104:656‑63.

14.  Van den Dool H, Kratz PD. A generalization of the retention index system including linear 

temperature programmed gas‑liquid partition chromatography. J Chromatogr 1963;11:463‑71.

15.  Adams  RP. Identification of Essential Oil Components by Gas Chromatography/Mass 

Spectrometry. 4th ed. Carol Stream, Illinois: Allured Publishing; 2007.

16.  Ceruks  M, Romoff  P, Fávero OA, Lago  JH. Constituintes fenólicos polares de Schinus 

terebinthifolius Raddi (Anacardiaceae). Quim Nova 2007;30:597‑9.

17.  Koolen HH, Soares ER, Silva FM, Souza AQ, Filho ER, Souza AD. Triterpene and flavonoids 

from the roots of Mauritia flexuosa. Braz J Pharmacogn 2012;22:189‑92.

18.  Olennikov DN, Tankhaeva LM, Partilkhaev VV, Rokhin AV. Chemical constituents of Caragana 

bungei shoots. Braz J Pharmacogn 2012;22:490‑6.

19.  Jahan  N, Ahmad  W, Malik  A. Phytochemistry of the genus Mimusops. J  Chem Soc Pak 

1996;18:51‑5.

20.  Misra  G, Mitra  CR. Mimusops manilkara, constituents of fruit and seed. Phytochemistry 

1969;8:249‑52.

21.  Subramanian  SS, Nair  AG. Myricetin and myricetin‑3‑O‑L‑rhamnoside from the leaves of 

Madhucaindica and Achras zapota. Phytochem Rep 1972;11:3090‑1.

22.  Ma J, Luo XD, Protiva P, Yang H, Ma C, Basile MJ, et al. Bioactive novel polyphenols from the 

fruit of Manilkara zapota (Sapodilla). J Nat Prod 2003;66:983‑6.

23.  Mahato SB, Kundu AP. 13C spectra of pentacyclictriterpenoids – A compilation and some 

salient features. Phytochemistry 1994;37:1517‑75.

24.  Lee  TZ, Juang  SH, Hsu  FL, Wu  CY. Triterpene acids from the leaves of Planchonella 

duclitan (Blanco) Bakhuizan. J Chin Chem Soc 2005;52:1275‑80.

25.  Fernandes  CP, Corrêa AL, Cruz  RA, Botas  GS, Silva‑Filho  MV, Santos  MG, et  al. 

Anticholinesterasic activity of Manilkara subsericea  (Mart.) Dubard triterpenes. Lat Am J 

Pharm 2011;30:1631‑4.

26.  Fernandes CP, Corrêa AL, Lobo JF, Caramel OP, de Almeida FB, Castro ES, et al. Triterpene 

esters and biological activities from edible fruits of Manilkara subsericea  (Mart.) Dubard, 

Sapotaceae. Biomed Res Int 2013;2013:280810.

27.  Ahmed R, Ifzal SM, Usmanghani K. Studies on Achras sapota L: part  IV – Chemistry and 

pharmacology of wood. Pak J Pharm Sci 2001;14:39‑40.

28.  Fayek  NM, Monem  AR, Mossa  MY, Meselhy  MR. New triterpenoid acyl derivatives 

and biological study of Manilkara zapota  (L.) Van Royen fruits. Pharmacognosy Res 

2013;5:55‑9.

29.  Misra G, Nigam SK, Mitra CR. Constituents of Mimusops manilkara leaves and saponins of 

Mimusops seed kernels. Phytochemistry 1969;8:2255‑6.

30.  Rhourri‑Frih  B, Renimel  I, Chaimbault  P, André P, Herbette  G, Lafosse  M. Pentacyclic 

triterpenes from Manilkara bidentata resin. Isolation, identification and biological properties. 

Fitoterapia 2013;88:101‑8.

31.  Siqueira DS, Pereira AS, Neto FR, Cabral JA, Ferreira CA, Simoneit BR, et al. Determination 

of high molecular mass compounds from Amazonian plant’s leaves. Quim Nova 

2003;26:633‑40.

32.  Bhatia A, Bharti SK, Tewari SK, Sidhu OP, Roy R. Metabolic profiling for studying chemotype 

variations in Withania somnifera  (L.) Dunal fruits using GC‑MS and NMR spectroscopy. 

Phytochemistry 2013;93:105‑15.

ABOUT AUTHORS

Leandro Rocha earned his doctorate in Pharmacy at Université de 
Lausanne and is permanente lecturer and researcher at Fluminense 
Federal University (Brazil). He has great experience in phytochemistry and 
published several original papers in scientific journals regarding natural 
products.

Caio Pinho Fernandes earned his doctorate in Plant Biotechnology at 
Rio de Janeiro Federal University (Brazil) and is permanente ecturer and 
researcher at Amapá Federal University (Brazil). He has great experience 
in phytopharmaceutical nanobiotechnology and published several original 
papers in scientific journals regarding natural products

Leandro Rocha Caio Pinho Fernandes


