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Table 1: Essential oil composition of Annona salzmannii and A. pickelii. 
 

Leaf oil %   
Compound 

 
RIa 

 
RIb Annona 

salzmannii 
Annona 
pickelii 

1 -Pinene   931 932   0.5   0.3 
2 -Pinene   976 974      0.3 
3 Sabinene   971 969   0.4  
4 Mircene   988 988   0.3  
5 Limonene 1028 1024   0.2  
6 (E)- -Ocimene 1045 1044   0.3  
7 Linalool 1099 1095   0.8  
8 -Elemene 1331 1335   0.1   0.3 
9 -Cubebene 1347 1345    2.3 
10 Cyclosativene 1368 1369   0.5   0.3 
11 -Copaene 1375 1374 10.0 10.6 
12 -Bourbonene 1383 1387   0.3   1.1 
13 -Cubebene 1387 1387    3.8 
14 -Elemene 1389 1389   1.7   0.1 
15 -Gurjunene 1406 1409   0.3   0.3 
16 (E)-Caryophyllene 1419 1417 19.9 14.6 
17 -Copaene 1429 1430   0.2   0.4 
18 Aromadendrene 1437 1439   0.4   0.8 
19 -Humulene 1455 1452   3.7   2.3 
20 allo-Aromadendrene 1459 1458   5.7   0.9 
21 trans-Cadina-1(6),4-

diene 
 
1472 

 
1475 

  
  0.2 

22 -Muurolene 1475 1478   1.5   0.8 
23 Germacrene D 1481 1484   3.1   5.0 
24 Viridiflorene 1490 1496   0.4  
25 Valencene 1491 1496    0.8 
26 Bicyclogermacrene 1495 1500 20.3 45.4 
27 (E,E)- -Farnesene 1507 1505    0.2 
28 Germacrene A 1507 1508   0.3  
29 -Cadinene 1512 1513   0.4   0.2 
30 -Cadinene 1518 1522 15.3   4.8 
31 trans-Cadina-1,4-

diene 
 
1532 

 
1533 

  
  0.3 

32 -Calacorene 1540 1544   0.3  
33 (E)-Nerolidol 1561 1561    0.3 
34 Spathulenol 1577 1577   2.6   1.7 
35 Caryophyllene oxide 1582 1582   2.4   0.2 
36 Viridiflorol 1594 1592   0.3  
37 Muurola-4,10(14)-

dien-1 -ol 
 
1626 

 
1630 

 
  0.7 

 

38 -Muurolol 1644 1644   1.0  
39 Selin-11-en-4 -ol 1659 1658   1.4  
40 Heptadec-8-ene 1677 1680   0.5  
41 Kaur-16-ene 1979 2042c   0.2  
42 Phytol 2008 2008c   0.2  
 Monoterpenes 

Sesquiterpenes 
  2.5 
93.7 

  0.6 
97.7 

 Total Identified 
Compounds % 

 
96.2 

 
98.3 

RIa (calc.), retention indices on ZB-5MS column calculated according to ref. 
[21]. RIb retention indices according to ref. [22]. cCompared with authentic 
standard. 

 
the isolation of alkaloids [14] and acetogenins in              
A. salzmannii [15,16], and lignans in A. pickelii [17].  This 
is the first report on the analysis of the volatile constituents 
from the leaves of these plants and their biological 
activities. 
 

Hydrodistillation of the leaves of A. salzmannii and          
A. pickelii gave a light yellowish crude essential oil, with a 
yield of 0.1% and 0.2% (w/w), respectively, in relation to 

the dry weight of the plant material. As shown in Table 1, 
it was possible to identify 42 compounds; thirty-four in the 
essential oil of A. salzmannii, and twenty-seven in that of 
A. pickelii. The essential oils were dominated by 
sesquiterpenes, with 93.7% in A. salzmannii and 97.7% in 
A. pickelii. The major compounds identified in the 
essential oil of A. salzmannii were bicyclogermacrene 
(20.3%), (E)-caryophyllene (19.9%), -cadinene (15.3%), 

-copaene (10.0%), and allo-aromadendrene (5.7%), while 
bicyclogermacrene (45.4%), (E)-caryophyllene (14.6%), 
and -copaene (10.6%) were the most abundant 
constituents in the essential oil of A. pickelii. 
 

In addition to the major constituents, -elemene,               
-gurjunene, aromadendrene, -humulene, -muurolene, 

germacrene D, spathulenol, and caryophyllene oxide were 
present in both species, and have been reported in essential 
oils of several other species of Annonaceae, such as 
species of Annona [6,9], Duguetia (formerly known as 
Pachypodanthium) [10], Guatteria [7], Hexalobus [10], 
and Xylopia [10].  
 

In recent work by Costa et al. [6], the authors observed  
the major compounds in the essential oil from the      
leaves of Annona foetida Mart. as bicyclogermacrene,   
(E)-caryophyllene, and -copaene, which are the main 
compounds identified in the essential oils from the leaves 
of A. salzmannii and A. pickelii. The presence of these 
compounds [bicyclogermacrene, (E)-caryophyllene, and  

-copaene] in the essential oils of A. salzmannii and A. 
pickelii suggest that these compounds could be considered 
chemotaxonomic markers of the genus Annona, since their 
occurrence is very common in species of this genus [6,9]. 
 
A. pickelii, formerly Rollinia pickelii Diels, was recently 
placed in Annona on the basis of molecular phylogenetic 
studies of the genus Annona, which included species of 
Rollinia and Raimondia [18]. This inclusion of Rollinia 
into Annona corroborates the recent work of Chatrou et al. 
[19] and Richardson et al. [1]. The results obtained in this 
work also support this change. 
 
The essential oils of A. salzmannii and A. pickelii were 
shown to possess antioxidant/free-radical scavenging 
effectiveness. The ORAC results for the essential oils and 
for quercetin, isoquercitrin, chlorogenic acid and caffeic 
acid are summarized in Table 2. 
 
The ORAC assay is an easy and inexpensive tool for 
measuring the total antioxidant activity of a biological 
sample (for example, body fluids, agricultural products, 
food products, pharmaceutical products). This assay can 
quantitatively measure the total antioxidant capacity as 
well as qualitatively measure the amount of fast versus 
slow acting antioxidants in the sample to be tested. The 
assay measures the effectiveness of various antioxidants 
present in the sample in preventing the loss in fluorescence 
intensity of the fluorescent marker fluorescein during 
peroxy radical induced free radical damage. Assay results 
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Table 2: Antioxidant capacity of the essential oils of Annona salzmannii 
and A. pickelii. 
 

Essential Oil / 
Positive Control 

ORAC assaya 

(µmol of TE g-1)b 
DPPH assayc 

A. salzmannii 1451.7 (1.70) strong 
A. pickelii 1844.3 (1.74) strong 
Quercetind 5.6 (0.90) strong 
Isoquercitrind 5.2 (1.80) strong 
Caffeic acidd 2.9 (2.05) strong 
Chlorogenic acidd 2.7 (1.50) strong 

aMean (%RSD, relative standard deviation) of triplicate assays. bORAC 
data expressed as µmol of Trolox equivalents per g of essential oil (µmol 
of TE g-1). cTLC-based 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical 
scavenger antioxidant assay.dPositive controls: ORAC data expressed as 
relative Trolox equivalent, mean (%RSD, relative standard deviation) of 
triplicate assays. 
 

are quantitated by allowing the reaction to reach 
completion and then integrating the area under the kinetic 
curve relative to a blank reaction containing no added 
antioxidants. The area under the curve is proportional to 
the concentration of all the antioxidants present in the 
sample. Each reaction is calibrated using known standards 
of Trolox, a water soluble vitamin E analog. The essential 
oils were also subjected to screening for their possible 
antioxidant activity by DPPH free radical scavenging. It is 
well known that antioxidants can seize free radicals to 
form stable free radicals, which do not initiate or propagate 
further oxidation, and DPPH has been used extensively as 
a free radical to evaluate reducing substances. The DPPH 
free radical scavenging ability of the essential oils applied 
on silica gel TLC plates was evaluated. All samples 
produced yellow spots after spraying with the DPPH 
reagent, suggesting antioxidant activity for these oils. 
Some isolated terpenes, such as -pinene and -pinene, 
have been previously tested individually in order to 
determine their antioxidant nature, but none exhibited 
activity (data not published). Thus the results presented 
suggest possible synergism that might occur involving the 
main components with each other or with other minor 
components, since the essential oils are a complex mixture 
of components. 
 

The antimicrobial activity results obtained for the essential 
oils of A. salzmannii and A. pickelii are shown in Table 3. 
A. salzmannii was the most effective oil, exhibiting a 
significant antimicrobial activity against most of the 
microorganisms tested, probably as a result of a synergistic 
action of compounds present in the oil. The antimicrobial 
activity of this oil might be attributed to its monoterpene 
and sesquiterpene content. Various biological properties 
are credited for monoterpenoids, sesquiterpenoids, and 
their derivatives, including antimicrobial, anti-
inflammatory, antioxidant, and antineoplastic activities [6]. 
 
The larvicidal activity of the essential oils was determined 
against 3rd instar Aedes aegypti larvae. However, no larval 
mortality was detected at concentrations up to 1000 

g.mL-1. This could probably be attributed to the high 
concentration of (E)-caryophyllene, bicyclogermacrene, 
and germacrene D [20]. Recent studies have demonstrated  

Table 3: Antimicrobial activity of the essential oils of Annona salzmannii 
and A. pickelii. 
 

MICa (mg.mL-1) 

 
Microorganism Annona 

salzmannii 
Annona
pickelii 

Controlsb

Staphylococcus aureus (ATCC14458)c 0.5 0.5 0.025 
S. aureus  (ATCC6538)c - - 0.025 
Staphylococcus epidermidis (ATCC1228)c 0.5 0.5 0.05 
S. epidermidis (6epi)d 1 - 0.05 

Escherichia coli (ATCC 10538)c 1 - 0.05 

Pseudomonas aeruginosa (ATCC 27853)d - - 1 
Candida albicans (ATCC 10231)c 1 - 0.012 
Candida tropicalis  (ATCC 157)c 0.5 - 0.012 

Candida glabrata (ATCC 30070)c - - 0.012 

Candida parapsilosis (ATCC 22019)c - - 0.012 

Candida dubliniensis (ATCC 777)c 1 - 0.012 

Candida dubliniensis (ATCC 778157)c - - 0.012 
aMIC minimum inhibitory concentration in mg.mL-1; bPositive controls: 
chloramphenicol for bacterial strains and ketoconazole for yeast strains; 

cstandard strain; dfield strain; (-) no inhibition of development. 

 
that high concentrations of these compounds are required 
to produce a larvicicidal effect. For example, (E)-
caryophyllene gave an LC50 value of 1038 g.mL-1 [20]. 
 
This is the first report on the analysis of the volatile 
constituents from leaves of A. salzmannii and A. pickelii, 
and their biological activities. The presence of -copaene, 
(E)-caryophyllene, and bicyclogermacrene in these oils 
suggest that they could be considered chemotaxonomy 
markers of the genus Annona. The results obtained for the 
essential oil of A. pickelii support the molecular 
phylogenetic data [1, 18, 19] that was used to remove this 
species from Rollinia into Annona. The significant 
antioxidant and antimicrobial activities of the essential oils 
of A. salzmannii and A. pickelii confirm that species of 
Annonaceae are a natural source of biologically active 
compounds.  
 
Experimental 
 

Plant material: Leaves of A. salzmannii and A. pickelii  
were collected in March 2010 in the “Mata do Crasto”, 
Municipality of Santa Luzia do Itanhy, Sergipe State, 
Brazil, coordinates: [S 11o23’12”  W 037o25’05”] and [S 
11o23’01”  W 037o25’13”], respectively. The species were 
identified by Dra Ana Paula do Nascimento Prata, a plant 
taxonomist of the Departamento de Biologia of the 
Universidade Federal de Sergipe (UFS). Voucher 
specimens, numbers 15438 and 15439, respectively were 
deposited at the Herbarium of the UFS (ASE/UFS). Leaves 
were obtained from flowering species. 
 
Hydrodistillation of the essential oils: The essential oils 
from dried leaves (for 72 h) of A. salzmannii and A. 
pickelii (each 200 g) were obtained by hydrodistillation for 
3 h using a Clevenger-type apparatus. The essential oils 
were dried over anhydrous sodium sulfate and the 
percentage content was calculated on the basis of the dry 
weight of plant material. The essential oils were stored in a 
freezer until further analysis. The extraction of the oils was 
performed in duplicate. 
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