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Abstract: Ethanol extracts obtained from Schinus terebinthifolius Raddi fruits and leaves were active 

against Escherichia coli with MIC of 78 µg mL
-1

 for both extracts. Phytochemical analyses revealed a 

major presence of phenolic acids, tannins, fatty acids and acid triterpenes in the leaves and phenolic 

acids, fatty acids, acid triterpenes and biflavonoids in the fruits. Major compounds isolated from the 

plant, such as the acid triterpene schinol, the phenolic acid derivative ethyl gallate and the biflavonoids 

agathisflavone and tetrahydroamentoflavone, showed very little activity against E. coli. Bioautography 

of the ethanol extracts on silica gel plate showed inhibition zones for E. coli. They were removed from 

the plate and the compounds identified as a mixture of myristic, pentadecanoic, palmitic, 

heptadecanoic, stearic, nonadecanoic, eicosanoic, heneicosanoic and behenic fatty acids.  

Keywords: antimicrobial activity; Escherichia coli; fatty acids; fruits; leaves; Schinus 

terebinthifolius 

Experimental  

Plant material  

Leaves and fruits of Schinus terebinthifolius were collected in Vitória, Espírito Santo, 

Brazil, in April 2010. Plant material was identified by its morphological features, and the 

voucher specimen (No. 41895) was deposited in the Biology Museum Mello Leitão, Santa 

Teresa, ES. 

 Preparation of Extracts  

The fruits and leaves were dried in the tray dryer, at the temperature of 40 °C, during 5 

days (moisture content of 10% and 15% for the leaves and the fruits respectively). Dried fruits 

(1.0 kg) and leaves (0.38 kg) were pulverized in a blender and macerated with aqueous 

ethanol 90% (3.5 L for the fruits and 2.0 L for the leaves) for 1 week, at room temperature. 

The procedure was repeated twice, and the resulting ethanol extracts were combined and 

filtered. The solvent was evaporated using a rotatory evaporator in vacuum to furnish 80 g 

(fruits) and 43 g (leaves), respectively. For phytochemical analyses and antimicrobial assays, 

each of the dried extracts was solubilized in CH3OH:H2O (9:1) and partitioned with hexane to 

obtain the hexane extracts from fruits (29.3 g, 36.6% yield) and from leaves (6.3 g, 14.7% 



yield). The remaining aqueous partitions were concentrated under vacuum to remove CH3OH, 

and the aqueous fractions were partitioned with dichloromethane and ethyl acetate, 

respectively. Dichloromethane (1.5 g, 1.8% yield), ethyl acetate (3.2 g, 4.0% yield) and 

aqueous extracts (40.0 g, 50.0% yield) were obtained from fruits; dichloromethane (12.0 g, 

27.9% yield), ethyl acetate (13.8 g, 32.1% yield) and aqueous extracts (8.4 g,  19.5% yield) 

were obtained from the leaves.  

Phytochemical Analyses 

ESI-MS analysis 

Full-scan ESI-MS analyses were performed using a micrOTOF-Q II™ ESI-Qq-TOF 

mass spectrometer (Bruker Daltonics, Inc., Boston, MA, USA). Samples were dissolved in 

methanol (0.5 mg/mL) and infused directly into the source at a flow rate of 0.18 mL/h. The 

source temperature was set at 180 °C, the drying gas (nitrogen) flow rate was 4.0 L/min, and 

the nebulizer gas (nitrogen) pressure was 0.4 bar. In negative mode, the capillary voltage was 

3.8 kV, the capillary exit voltage was − 150 V, the skimmer 1 and 2 voltages were 50 V and 

15 V, respectively, the hexapole 1 voltage was − 23 V, the hexapole RF voltage was 300 Vpp, 

lens 1 transfer was 88 μs and lens 1 pre plus stage was 15 μs. Data were acquired in negative 

mode in the range of 50 m/z to 2000 m/z. Mass calibration was achieved by infusing 

ammonium formate in an isopropanol–water mixture (1:1, v/v) as an external standard. All 

data were analyzed using Bruker Daltonics ESI Compass Data Analysis 
® 

Version 4.0 SP 1 

(Bruker Daltonics Inc., MA, USA). Mass error, which is the difference between measured and 

theoretical mass, and sigma, which is a parameter calculated by the software to account for 

the difference between theoretical and measured isotopic pattern, where smaller values of 

sigma indicate better matching, were calculated for each datum.  

Except for aqueous partition, all extracts were analyzed by (-)-ESI-TOF-MS for 

identification of the compounds (Figure S1, Figure S2, Figure S3 and Figure S4). 



Isolation and Identification of Compounds 

During the liquid/liquid partition procedure between the crude ethanol extract of the 

fruits and hexane, some material precipitated from the hexane partition and was removed by 

filtration under vacuum. After removal of the solvent, 120.0 mg of it (Hexppt) was obtained. 

2.0 mg of Hexppt were methylated with ethereal diazomethane overnight and submitted to gas 

chromatography coupled to mass spectrometry (GC-MS). GC–MS was performed on a 

Shimadzu GC-2010 gas Chromatograph, coupled to a Shimadzu QP 2010 plus mass 

spectrometer under electron impact (70 eV) conditions. Column was an Agilent, DB-5MS, 

25 m × 0.25 mm. GC conditions were: injector (260 °C, flow of 1.0 mL/min–Helium, total 

gas flow 44 mL/min), temperature program (60–290 °C, 3 °C/min). Schinol was the major 

acid triterpene of the sample. 

The ethyl acetate partition (1 g) was solubilized in methanol and inserted on the top of an 

open chromatographic column filled with Sephadex
®
 LH-20 as stationary phase. The elution 

was performed with H2O:CH3OH (1:9), and several fractions of 10 mL each were collected. 

Similar fractions were combined after monitoring by TLC silica gel, and final purification 

was achieved by re-elution in Sephadex
®
 LH-20 with the same conditions as above. The 

biflavonoids agathisflavone and tetrahydroamentoflavone, as well as the phenolic ester ethyl 

gallate, were obtained. Structures were elucidated by NMR, UV, ESI-MS, and CG-MS 

analyses (Makino et al. 2004; Assimopoulou and Papageorgiou 2005; Bahia et al. 2005; 

Njock et al. 2012; Morais et al. 2014). 

 Schinol (3α-hydroxymasticadienolic acid): IR (KBr) υmax: 3439.23, 2950.25, 1697.43, 

1644.39 cm
-1

; ESI-MS: [M-H]
- 
m/z 455.3519 calculated for C30H48O3; MS for schinol 

methyl ester (EI, 70 eV), m/z  (in descending intensity) = 55, 95, 437, 81, 107, 67, 

127, 119, 455, 147, 161, 175, 189, 470 [M]
+
, 341, 201, 227, 215, 241, 301, 315 255, 

269, 283, 330, 353, 405, 423; 
1
H-NMR (DMSO-d6 ,500 MHz), δ/ppm: 0.61 (s, CH3-



19), 0.68 (s, CH3-18), 0.73 (d, J = 5.90 Hz, CH3-21), 0.85 (s, CH3-29), 1.70 (s, CH3-

30), 4.15 (bs, CH-3), 5.12 (m, CH-7), 5.79 (td, J = 7.45 Hz, CH-24); 
13

C-NMR 

(DMSO-d6 ,600 MHz), δ/ppm: 12.96 (C-19), 16.60 (C-11), 18.12 (C-18), 20.71 (C-

21), 21.71 (C-18), 21.77 (C-29), 25.47 (C-2), 26.00 (C-23), 27.15 (C-30), 27.75 (C-

16), 28.18 (C-28), 30.99 (C-1), 33.39 (C-15), 33.68 (C-12), 34.29 (C-10), 35.33 (C-

22), 35.57 (C-20), 37.07 (C-4), 43.11 (C-13), 43.93 (C-5), 48.25 (C-9), 51.53 (C-14), 

52.36 (C-17), 73.99 (C-3), 117.73 (C-7), 127.31 (C-25), 141.87 (C-24), 145.73 (C-8) 

169.09 (C-27); 

 Agathisflavone: UV (MeOH) λmax: 222, 272, 334 nm; ESI-MS: [M-H]
- 
m/z 537.0809 

calculated for C30H18O10; 
1
H-NMR (DMSO-d6 ,500 MHz), δ/ppm: 6.36 (s, H-6’’), 6.71 

(s, H-8), 6.76 (s, H-3’’’), 6.77 (s, H-3’’), 6.85 (s, H-3), 6.96 (d, J = 8.60 Hz ,H-3’),7.56 

(d, J = 8.59 Hz, H-2’’’), 7.99 (d, J = 8.57 Hz, H-2’), 13.05 (s, HO-5’’), 13.31 (s, HO-

5); 
13

C-NMR (DMSO-d6 ,600 MHz), δ/ppm: 98.9 (C-6’’),  99.46 (C-8’’), 103.7 (C-6), 

103.81 (C-10), 104.0 (C-10’’), 121.6 (C-1’), 121.80 (C-1’’’), 128.9 (C-2’ e C-6’), 

157.05 (C-9), 160.04 (C-5), 160.9 (C-5’’), 161.55 (C-4’), 161.13 (C-4’’’), 163.2 (C-

7’’), 163.96 (C-2’’), 163.96 (C-7), 164.1 (C-2), 164.13 (C-2),  182.3 (C-4), 182.57 (C-

4’’). 

 Tetrahydroamentoflavone: UV (MeOH) λmax: 213, 289 nm; ESI-MS: [M-H]
- 
m/z 

541.1142 calculated for C30H22O10; 
1
H-NMR (DMSO-d6 ,500 MHz), δ/ppm: 2.56 

(ddd,CH2-3), 2.73 (dl, J = 16,5 e 1,85 Hz, CH2-3’’), 3.13 (m ,CH2-3’’), 3.22 (m,CH2-

3), 5.38 (dd, CH-2’’) 5.94 (s, CH-6’’), 6.81 (d, J = 8.4 Hz, CH-5’), 7.22 (dd, CH-2’’’), 

7.28 (t, J = 2.2 Hz, CH-2’), 12.18 (s, HO-5’’), 13.35 (s, HO-5); 
13

C-NMR (DMSO-d6 

,500 MHz), δ/ppm: 41.5 (C-3’’), 42.20 (C-3), 78.52 (C-2’’), 78.56 (C-2), 95.13 (C-8), 

96.24 (C-6’’), 101.3 (C-10’’), 106.96 (C-8’’), 121.3 (C-3’), 127.89 (C-2’’’), 131.43 

(C-2’). 



Antimicrobial activity 

Microbial strains 

The microorganisms tested were Escherichia coli (ATCC 11229), Cryptococcus 

neoformans Serotype A (T1-444) (collection from Federal University of São Paulo, 

UNIFESP), Methicillin-resistant Staphylococcus aureus - MRSA (BMB 9393) (clinical 

sample isolated from the Hospital Universitário Clementino Fraga Filho, Federal University 

of Rio de Janeiro (UFRJ), and Candida albicans (ATCC 10231). 

Minimal inhibitory (MIC) and bactericidal (MBC) concentrations 

MIC values of extracts against the test microorganisms were determined by broth 

microdilution, as recommended by the Clinical Laboratory Standard Institute (CLSI) M7-A4 

for bacteria, M38-A2 for filamentous fungus and M27-A3 for yeast (CLSI 2008). The 

samples were transferred to a microplate in order to obtain two-fold serial dilutions of the 

original substance. Then, an inoculum (10 μL) containing 5 x 10
6
 CFU/mL was added to each 

well, and the microplates were incubated. The conditions of incubation were 24 h at 37 °C for 

bacteria and 48 h at room temperature for fungi. Wells without inoculum were used for 

sterility control, and positive controls consisted of inoculated growth medium without the 

substances. The results were based on visual growth of microorganisms, which was confirmed 

with 30 μL of resazurin (Sigma-Aldrich) added aseptically and incubated at 37 °C for 1 h. 

MIC was defined as the minimum concentration of the extract able to completely inhibit 

growth of the microorganism. Amphotericin B and Ciprofloxacin were used as antimicrobial 

standards (Table S3). Additionally, 20 μL of microbial culture with no growth observation 

were re-inoculated in sterile medium without substance presence to evaluate if the 

concentrations presented microbicidal effect (MBC) or not (Table S4). 



Bioautography 

10 µL of solutions corresponding to 2000 µg of extract were applied to Silica Gel 60 

F254 alumina backed plates (8.5 cm × 2.5 cm), developed with CH3COOCH2CH3:CH2Cl2 7:3 

(v/v) (solvent system 1) or CH3COOCH2CH3:CH2Cl2 1:9 (v/v) (solvent system 2), and dried 

for complete removal of solvents. All TLC plates were run in duplicate, and one set was used 

as the reference chromatogram. UV active absorbing spots were detected at 254 nm on the 

reference chromatogram. The chromatograms were placed in 9 cm × 9 cm sterile square Petri 

dishes with covers and exposed to UV light for 30 min. Overlay media (BHI with phenol red 

1%, 10 mL), to which was added 1 mL of the detecting strain at a final concentration of 106 

cells/mL, were distributed over the developed TLC plates. After solidification of the media, 

the TLC plates were incubated for 48 h at 37 
o
C. Bioautograms were sprayed with 

methylthiazolyltetrazolium chloride (MTT) solution for observation of the inhibition zones 

(Saxena et al. 1995). For both fruits and leaves, the procedure on silica gel plates produced 

inhibition zones for E. coli growth (Figure S6). 

Some spots from reference chromatograms were removed from the TLC plates, 

extracted with chloroform, and analyzed by (-)-ESI-TOF-MS (Figure S5).  

TLC plate for chemical comparison between the ethanol extracts of fruits and leaves 

showed that the spots corresponding to the inhibitory zones in the bioautography assay have 

the same Rf = 0.84 when the samples of both extracts were developed with the same solvent 

system, corroborating with the chemical similarity also observed by (-)-ESI-TOF-MS analysis 

(Figure S7). The development of ethyl acetate chromatogram reference with NP/PEG reagent 

(diphenylaminoborate/polyethyleneglycol) showed the presence of flavonoids and/or tannins 

with orange yellow color in the same region of the inhibition zone in bioautography (Figure 

S8).  

Scanning electron microscope (SEM) 



For scanning electron microscopy observation (S.E.M.), control and drug-treated cells 

in culture flasks were fixed for 1 h in a solution containing 2.5% glutaraldehyde and 4% 

recently prepared formaldehyde in 0.1 M sodium cacodylate buffer, pH 7.4. The cells were 

scraped from the flasks with a rubber policeman, washed with sodium cacodylate buffer and 

post-fixed for 1 h in the dark with a solution containing 1% osmium tetroxide in 0.1 M 

sodium cacodylate buffer. Subsequently, the cells were washed in the same buffer, dehydrated 

in acetone, and embedded in Epon. Ultrathin sections were stained with uranyl acetate and 

lead citrate and observed under a Zeiss 900 transmission electron microscope. Cells on 

coverslips were fixed and post-fixed after 24 h of drug-treatment and dehydrated in graded 

series of acetone (30% to 100%). They were then critical point dried and mounted on stubs. 

Their upper part was scraped off with adhesive tape, coated with gold (20 nm to 30 nm) and 

observed in a Jeol JSM 649LV scanning electron microscope (Figure S9 and Figure S10). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S1: Main compounds present in the organic partitions obtained from crude ethanol 

extracts of S. terebinthifolius fruits and leaves. 

 

   

Samples 

Relative intensity 

 

Acid 

triterpenes 

 

Flavonoids 

 

Phenolic 

Acids 

 

Fatty Acids 

 

Tannins 

 

Hexane (fruits) 

 

Schinol 

(100%) 

  

Ethyl gallate 

(0.53%) 

 

Palmitic acid 

(5.14%), Stearic 

acid (4.07%), 

Eicosanoic acid  

(1.87%), 

Heneicosanoic acid  

(1.80%), Behenic 

acid (1.15%) 

 

 

Hexane (leaves) 

 

Schinol 

(100%) 

  

Ethyl gallate  

(5%) 

 

Palmitic acid 

(26.5%), Stearic 

acid (38.07%), 

Eicosanoic acid  

(32.65%), 

Heneicosanoic acid 

(39.98%), Behenic 

acid (24.41%) 

 

 

Dichloromethane 

(fruits) 

 

Schinol 

(100%) 

  

Ethyl gallate  

(21.34%) 

 

Palmitic acid 

(42.71%), Stearic 

acid (81.10%), 

Eicosanoic acid  

(55.77%), 

Heneicosanoic acid 

(66.35%), Behenic 

acid (30.30%) 

 

 

Dichloromethane 

(leaves) 

   

Ethyl gallate 

(100%) 

 

Palmitic acid 

(1.56%), Stearic 

acid (4.35%), 

Eicosanoic acid  

(1.77%), 

Heneicosanoic acid 

(2.43%), Behenic 

acid (1.49%) 

 

 

Ethyl Acetate 

(fruits) 

 

Schinol  

(6%) 

 

Tetrahydroam

entoflavone 

(47.66%) 

 

Ethyl gallate 

(100%) 

Gallic acid 

(11.98%) 

 

Stearic acid  

(4.88%) 

 

 

Ethyl Acetate 

(leaves) 

  

C21H20O12  

(17.37%) 

 

Pyrogallic 

acid (38.74%) 

Gallic acid 

(65.43%) 

Ethyl gallate 

(100%) 

 

 

 

Palmitic acid 

(5.16%), Stearic 

acid (11.03%), 

Eicosanoic acid  

(11.39%), 

Heneicosanoic acid 

(16.30%), Behenic 

acid (9.68%) 

 

C28H24O16 

(26.37%) 

C34H26O21 

(26.37%) 

C34H28O22 

(16.49%) 

Pentagalloyl

glucose 

(C41H32O2) 

(45.79%) 



Table S2: Homologous series of fatty acids present in the Escherichia coli growth inhibition 

zones. 

[M-H]
-

 Molecular 

Formula 

Error 

(ppm) 

Compound 

227.2022 C14H28O2 0.6 Myristic acid 

241.2179 C15H30O2 0.6 Pentadecanoic acid 

255.2345 C16H32O2 1.5 Palmitic acid 

269.2429 C17H34O2 21.3 Heptadecanoic acid 

283.2632 C18H36O2 0.2 Stearic Acid 

297.1540 C19H38O2 3.3 Nonadecanoic acid 

311.1741 C20H40O2 28.4 Eicosanoic acid 

325.1837 C21H42O2 15.5 Heneicosanoic acid 

339.1996 C22H44O2 16.4 Behenic acid 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S3: Minimum Inhibitory Concentration of ethanol extracts, partitions and isolated 

substances obtained from Schinus terebinthifolius fruits and leaves. 

Samples MIC
a
 (µg mL

-1
) 

C. albicans C. neoformans MRSA E. coli 

Fruits 

 

 

Ethanol extract 625 625 >1000 78 

Ethyl acetate partition 625  312  625 312  

Aqueous partition >1000 >1000 NI NI 

Dichloromethane partition 312 312 >1000 156 

Hexane partition >1000 >1000 NI 156 

 

Leaves 

 

 

Ethanol extract NI 156 >1000 78 

Ethyl acetate partition 156 156  625 39 

Aqueous partition >1000 NI >1000 NI 

Dichloromethane partition 312 312 NI >1000 

Hexane partition >1000 >1000 >1000 78 

 

Isolated substances 

 

 

Ethyl gallate >1000 >1000 >1000 >1000 

Agathisflavone NI NI NI NI 

Tetrahydroamentoflavone NI >1000 >1000 >1000 

3α-hydroxymasticadienolic 

acid (schinol) 

NI NI NI NI 

 

Positive controls 

 

    

Amphotericin B 0,19 0,125 ND ND 

Ciprofloxacin ND ND 0,25 0,03 
aMIC, Minimal inhibitory concentration;  NI, no inhibitory activity observed; ND, not determined 

 

 

Table S4: Minimal bactericidal concentration (MBC) of Schinus terebinthifolius extracts with 

better MIC values against Escherichia coli (ATCC 11229). 

 

Samples MBC
a
 (µg mL

-1
) 

Ethanol extract of fruits 78 

Ethanol extract of leaves 78 

Ethyl acetate partition of leaves 39 

Hexane partition of leaves 156 

a 
Minimal bactericidal concentration 

 



Figure S1:  (A) (-)-ESI-TOF-MS spectrum of the ethanol extract of Schinus terebinthifolius 

fruits. (B) (-)-ESI-TOF-MS spectrum of the ethanol extract of Schinus terebinthifolius leaves. 

 

 

 

 

 

 

 

 

 

 



Figure S2: (A) (-)-ESI-TOF-MS spectrum of the hexane partition of Schinus terebinthifolius 

fruits; (B) (-)-ESI-TOF-MS spectrum of the hexane partition of Schinus terebinthifolius 

leaves. 

 

 

 

 

 

 

 

 

 

 

 



Figure S3: (A) (-)-ESI-TOF-MS spectrum of the ethyl acetate partition of Schinus 

terebinthifolius fruits; (B) (-)-ESI-TOF-MS spectrum of the ethyl acetate partition of Schinus 

terebinthifolius leaves. 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S4: (A) (-)-ESI-TOF-MS spectrum of the dichloromethane partition of Schinus 

terebinthifolius fruits; (B) (-)-ESI-TOF-MS spectrum of the dichloromethane partition of 

Schinus terebinthifolius leaves. 

 

 

 

 

 

 

 

 

 

 

 



Figure S5: (A) (-)-ESI-TOF-MS spectrum of the bacterial growth inhibition zone of 

Schinus terebinthifolius fruits; (B) (-)-ESI-TOF-MS spectrum of the bacterial growth 

inhibition zone of Schinus terebinthifolius leaves. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S6: Bioautography and TLC (UV, λ = 254 nm) of ethanolic extracts. (A) Ethanolic 

extract of S. terebinthifolius fruits in solvent system 1. (B) Ethanolic extract of S. 

terebinthifolius leaves in solvent system 2. 

  
 

Figure S7: TLC plate for chemical comparison between the ethanol extracts of Schinus 

terebinthifolius fruits and leaves developed with the same solvent system (solvent system 2). 

 



 

Figure S8: Bioautography and chromatogram reference of ethyl acetate partition of S. 

terebinthifolius leaves developed with NP/PEG reagent (visible and UV light at 365 nm). 

 

Figure S9: Scanning electron microscope images of the E. coli (ATCC 11229) cultured in the 

presence of four extracts of S. terebinthifolius in the magnification of 13.000 x. (A) Negative 

control; (B) Positive control in the presence of ciprofloxacin solution (0,03 µg mL
-1

); (C) 

Presence of ethanolic extract of fruits; (D) Presence of ethanolic extract of leaves. 
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