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Tapirira guianensis (Anacardiaceae) is used in traditional medicine and is important for the recovery of degraded areas and riparian

forests because the 7. guianensis fruits are highly consumed by wildlife. Volatile components from dried leaves and branches of five
individual plants of 7. guianensis were collected in two sandbank forests of the State of Para (Extractive Reserve Maracana and Area
of Environmental Protection Algodoal/Maiandeua), extracted by hydrodistillation using a Clevenger-type apparatus, and analyzed
by GC/MS. The ten oils obtained are comprised mostly of sesquiterpene hydrocarbons (58.49 to 100%), with (E)-caryophyllene,

B-selinene, o-selinene, B-sesquiphellandrene, and o-zingiberene being the most prominent. The results of the oil compositions were
processed by Hierarchical Component Analysis (HCA) allowing the establishment of three groups of essential oils for 7. guianensis
differentiated by the content of B-selinene/oi-selinene (Type I), (E)-caryophyllene (Type II), and B-sesquiphellandrene/o-zingiberene

(Type III).
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INTRODUCTION

The Anacardiaceae family consists of 81 genera and 800 species
that are mostly tropical. Diversity in Brazil is represented by 14 genera
and 54 species that are concentrated in the northern and southern
regions.' Tapirira guianensis Aubl. is widely distributed throughout
Brazil, mainly in humid soils, from the Amazon to the Atlantic Forest,
crossing Central Brazil by gallery forests.? In the North of Brazil, T.
guianensis is popularly known as tapirira; other common names of
this species in Brazil are pau-pombo, cupitiva, tatapiririca, and jobo.**
This species is used in traditional medicine and is important for the
recovery of degraded areas and riparian forests due to the production
of fruits that are highly consumed by wildlife.® On the sandbank
forest of Marieta beach, which is under the domain of Extractive
Reserve of Maracana (Resex Maracana), 1. guianensis was conside-
red the most important aromatic species. Density and dominance of
T. guianensis showed the highest values in the ecotone site.” In the
State of Pard, the wood and the inner bark of the trunk have been
used, respectively, to treat oral thrush in children and sore throat and
mouth.® The ethanol extract of the leaves and stem bark of 7. guia-
nensis showed important cytotoxic activity.” Phytochemical studies
on the methanol extract of the seeds of 7. guianensis resulted in the
isolation of B-sitosterol and alkylphenols'® while the hexane extract
of the bark furnished triterpenoids and ferulates.!! Four anti-protozoal
and anti-bacterial compounds were isolated from dichloromethane
extract of the bark of the plant collected in French Guiana.'> The
concentration and distribution of nutrients in distinct organs of the
plant was evaluated.* Ultra-structural aspects of secretory canals in
vegetative and reproductive organs of 7. guianensis were study by
Lacchia and Guerreiro.'® A survey of the literature revealed that no
prior studies of essential oil from 7. guianensis have been reported.
The aim of this paper was to characterize the chemical composition
of leaf and branch essential oils of 7. guianensis growing wild in two
sandbank forests of the State of Para, Brazil.

*e-mail: zoghbi @museu-goeldi.br

EXPERIMENTAL
Botanical material

Sample A (September, 2007) was taken from the sandbank
forest of Marieta beach, which is located near to Vila da Penha
Community (00°35'50" S/47°26'35.5" W), which is located in the
municipality of Maracani and is under the domain of the Extractive
Reserve of Maracana (Resex Maracana). Samples B, C, and D
(August, 2009) were taken in the sandbank forest of Algodoal Island
(Maracand), in the municipality of Maracana, which is under the
domain of the Environmental Protection Area Algodoal/Maiandeua
(00°35'19.8" S/47°3427.7" W). Sample E (October, 2009) was taken
in the area closer to the shore of Vila da Penha Community. Voucher
specimens (Sample A: MG 189,996; Sample B: 196,815; Sample C:
196,819; Sample D: 196,826; Sample E was identified by comparison
with the other cited voucher of 7. guianensis. Vouchers were deposited
in the Herbarium MG of the Museu Paraense Emilio Goeldi (MPEG).
The samples were dried for 7 days in an air-conditioned room (at low
humidity) and then ground.

Extraction of volatile compounds

The dry plant material was hydrodistilled for 3 h, using a
Clevenger-type apparatus with maintenance of the refrigeration water
in 15 °C. The oils obtained were centrifuged for 5 min (3,000 rpm),
dried over Na,SO, and centrifuged again in the same conditions. The
hexane solution (1 mL) containing 2 uL of the oil was submitted for
GC-MS analysis. The total oil yield was expressed in percentage
(volume-mass™) on the basis of dried material. The amount of water
was measured using infrared light on a Marte ID-50 device.

Analysis of volatile compounds
The oils were analyzed using a Shimadzu GC/MS Model QP

2010 Plus, equipped with a Rtx-5MS (30 m x 0.25 mm; 0.25 pm film
thickness) fused silica capillary column. Chromatographic conditions



Vol. 37, No. 7

included helium as carrier gas at 1.2 mL-min™'; splitless injection
of 1 uL, of the hexane solution; injector and interface temperature
at 250 °C; oven temperature program 60-240 °C at 3 °C-min~".
EIMS: electron energy, 70 eV; ion source temperature at 200 °C.
Identification of the compounds were made by comparison of their
GC mass and retention data with those in NIST-05 library, and cited
in the literature.'*'® Retention indices were calculated using n-alkane
standard solutions (C8—C26) available from Fluka S. A., in the same
chromatographic conditions.

RESULTS AND DISCUSSION

The percentage of the compounds identified in the leaf and branch
oils are listed in Table 1 in sequence of their retention indices. Higher
yield in oils were obtained from the leaves (Samples A to E: 0.24%,
0.23%, 0.23%, 0.27%, and 0.13%, respectively). The yields of the oils
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isolated from the branches of Samples A to E were 0.14%, 0.05%,
0.05%, 0.09%, and 0.04%, respectively. In total, 119 compounds were
identified, accounting for 87.06%—100% of the total volatiles. The oils
from the ten samples analyzed were terpenoid in nature, predominated
by sesquiterpenes (sesquiterpene hydrocarbons change from 58.49% to
100.00%; oxygenated sesquiterpenes change from zero to 28.86%). In
total, monoterpenes accounted for 3.27% (monoterpene hydrocarbons
changes from zero to 1.15%; oxygenated monoterpenes changes from
zero to 0.39%), mostly present in Sample E. Monoterpenes were pre-
sent in small amounts in Samples B to E and not detected in Sample
A, and were represented by o-pinene, B-pinene, o-phellandrene,
o-terpinene, sylvestrene, (E)-B-ocimene, y-terpinene, terpinolene,
linalool, terpinen-4-ol, and geraniol. Among the sesquiterpenes only
B-elemene and (E)-caryophyllene were detected in all oils analyzed.
(E)-Caryophyllene is a common sesquiterpene encountered in
essential oils; other Anacardiaceae species rich in (E)-caryophyllene

Table 1. Volatiles identified in the leaf essential oils of Tapirira guianensis, growing wild in the North of Brazil

. Sample A Sample B Sample C Sample D Sample E

Constituents RI*
1 2 3 4 5 6 7 8 9 10

o-pinene 939 0.19 0.11
B-pinene 982 0.11
o-phellandrene 1010 0.07
o-terpinene 1021 0.13 0.13
sylvestrene 1033 0.45 0.49
(E)-B-ocimene 1044 0.20
Y-terpinene 1060 0.14 0.17
terpinolene 1093 0.07
linalool 1095 0.07 0.39 0.17 0.09
nonanal 1107 0.06 0.11 0.11 0.14 0.10
(2E)-nonen-1-al 1162 0.04 0.05 0.08 0.07
terpinen-4-ol 1181 0.04 0.09 0.13
(3Z)-hexenyl butanoate 1184 0.09 0.22
methyl salicylate 1198 0.07
decanal 1209 0.05 0.03 0.04
geraniol 1257 0.03
(2E)-decen-1-al 1265 0.02
safrole 1285 0.21 0.09 0.31 0.40 0.61 0.03
(2E,AZ)-decadienal 1296 0.05
(2EAE)-decadienal 1320 0.11 0.12 0.24 0.12
d-elemene 1335 0.73 0.84 0.03 2.25 2.18
o-cubebene 1345 0.41 0.42 0.03 1.43 1.52
cyclosativene 1371 0.13 0.19
o-ylangene 1375 0.07 0.05
(3Z)-hexenyl hexanoate 1378 0.10
o-copaene 1380 2.31 2.76 0.39 0.15 4.84 4.28
-bourbonene 1390 0.40
B-elemene 1396 0.29 1.94 10.37 10.01 6.74 3.30 4.79 0.80 1.88 2.48
sesquithujene 1405 0.12 0.11
(Z)-caryophyllene 1408 0.11 0.20 0.99
o-gurjunene 1409 1.55
longifolene 1415 0.26 0.32
(E)-caryophyllene 1417 15.03 5.95 29.47 23.39 4.95 5.03 66.87 59.17 28.15 19.25
v-elemene 1434 2.57
o-guaiene 1437 1.35 0.72
trans-o-bergamotene 1440 0.15 1.32 0.95
(Z)-B-farnesene 1448 0.23
guaia-6,9-diene 1449 1.49 1.07
aromadendrene 1450 0.64 0.46
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Table 1. continuation

. Sample A Sample B Sample C Sample D Sample E

Constituents RI*

1 2 3 4 5 6 7 8 9 10
a-humulene 1452 1.94 8.31 7.27 14.43 13.91 6.76 5.28
(E)-B-farnesene 1454 9.34 5.62
allo-aromadendrene 1458 0.38
a-acoradiene 1467 2.45
cis-cadina-1(6),4-diene 1470 0.51 0.61
4,5-di-epi-aristolochene 1471 2.58 1.52 0.18
cis-muurola-4(14),5-diene 1472 1.63 1.52
B-acoradiene 1474 0.53 0.45
dauca-5,8-diene 1480 0.65
-chamigrene 1481 0.10
Y-selinene® 1481 2.13 2.13 0.42
Y-muurolene 1486 3.71 3.93 11.57 8.37
ar-curcumene 1487 12.29 11.84 0.45
f3-selinene 1493 42.58 57.56 2.63 1.99 0.77 0.27
o-zingiberene 1493 24.49 18.61 1.40
viridiflorene 1496 0.94
o-selinene 1498 24.37 31.07 3.71 2.01
(E,E)-o-farnesene 1504 0.98
B-bisabolene 1505 10.73 7.53
o-muurolene 1506 0.89 0.50
bicyclogermacrene 1507 6.98 5.11
a-bulnesene 1509 0.53 1.59
&-amorphene 1513 3.19 2.68 0.93 1.01
v-cadinene 1515 0.16 0.48 0.70 1.01 1.08
7-epi-o.-selinene 1520 2.66 1.96 0.26
d-cadinene 1522 2.62 2.96 0.55 4.58 3.96
(E)-iso-y-bisabolene 1525 1.56
-sesquiphellandrene 1529 20.00 17.00 0.95
trans-cadina-1,4-diene 1533 0.40 0.44 0.48 0.53
o-cadinene 1537 0.22 0.28 0.52 0.57
(E)-y-bisabolene 1539 1.02 0.57
a-calacorene 1549 0.19 0.37 0.15 0.38
germacrene B 1559 0.20 0.31
(E)-nerolidol 1561 0.21
[B-calacorene 1566 0.04 0.11
caryophyllenyl alcohol 1570 0.27 0.24 0.35 0.49
palustrol 1572 0.57 0.97
dendrolasin 1577 0.57 0.29 0.32 0.31
ar-turmerol 1581 0.29
caryophyllene oxide 1582 0.20 1.86 445 0.13 0.83 3.22 8.29 3.33 3.41
spathulenol 1586 1.53 3.41
viridiflorol 1592 0.59 0.96 1.44 1.99
rosifoliol 1606 0.66 1.48
humulene epoxide II 1608 0.36 1.19 0.34 1.25 1.59
junenol 1624 0.37 0.39 0.55 1.52
dillapiole 1627 0.17
1-epi-cubenol 1634 0.41 1.90 0.71 1.07
epi-o.-cadinol 1638 0.16
caryophylla-4(12),8(13)-dien-5ct-ol 1641 0.24 2.00 2.72
gossonorol 1642 0.59
o-muurolol 1644 0.48 0.86 1.18 0.68
epi-oi-muurolol 1645 1.24 2.40
caryophylla-4(12),8(13)-dien-53-ol 1646 0.20
himachalol 1653 0.24

cubenol 1656 2.72
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Table 1. continuation
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. Sample A Sample B Sample C Sample D Sample E

Constituents RI*
1 2 3 4 5 6 7 8 9 10

selin-11-en-40.-ol 1658 2.41 6.55 1.23 3.96 1.02 1.54
o-cadinol 1666 591 3.89 4.80
B-bisabolol 1676 0.79
o-bisabolol 1685 0.29 0.89
eudesma-4(15),7-dien-1f-ol 1687 0.03 0.78 0.25 1.60
heptadecane 1700 0.15
eudesm-7(11)-en-4-ol 1701 0.09 0.24
pentacadenal® 1719 0.34 0.53 0.79
mint sulfide 1749 0.04 0.15
xanthorrhizol 1758 0.75
cyclocolorenone 1759 1.16
14-oxi-o-muurolene 1774 0.14
20-hydroxy-amorpha-4,7(11)-diene 1775 0.26
14-hydroxy-o-muurolene 1786 0.06 0.10
14-hydroxy-8-cadinene 1810 0.06
6,10,14-trimethyl-2-pentadecanone® 1848 0.08 0.13
hexadecanol 1882 0.14 0.08
(5E,9E)-farnesyl acetone 1923 0.06 0.11
trans-phytol 1950 0.03 0.06
hexadecanoic acid 1967 1.15 2.06
(E,E)-geranyl linalool 2034 0.04
heneicosane 2100 0.03
cis-phytol 2117 0.34 0.14 0.13 0.12 0.59
docosane 2200 0.06
tricosane 2300 0.55
Monoterpene hydrocarbons 0 0 0 0 0.2 0 0 0 0.91 1.15
Oxygenated monoterpenes 0 0 0.07 0.04 0 0 0.39 0 0.26 0.25
Sesquiterpene hydrocarbons 90.50 100 80.09 65.7 91.92 75.51 91.68 78.04 75.24 58.49
Oxygenated sesquiterpenes 2.77 0 12.79 20.77 1.97 7.86 6.42 14.08 14.17 28.86
Other compounds 0.21 0 0.74 1.98 0.09 3.69 0.22 1.73 0.61 1.50
Total 93.48 100 93.69 88.49 94.18 87.06 98.71 93.85 91.19 90.25

*Retention indices on Rtx-5MS; 1, 3, 5, 7 and 9 = leaves; 2, 4, 6, 8 and 10 = branches; ref. 15; "ref. 16; °ref. 17; ref. 18.

in the essential oils of the leaves were Anacardium humile A. St.-
Hil. (31.00%) and A. occidentale L. (15.40%)." Two samples, taken
at APA Algodoal/Maiandeua (Samples B and D) and one collected
at Resex Maracana (Sample E), exhibited (E)-caryophyllene as
the most abundant component in the oils of leaves and branches
(Sample B - leaf: 29.47%, branch: 23.39%; Sample D - leaf: 66.87%,
branch: 59.17%; Sample E - leaf: 28.15%, branch: 19.25%). The
second sample collected at Resex Maracand (Sample A) showed
o-selinene (leaf: 24.37%, branch: 31.07%) and B-selinene (leaf:
42.58%, branch: 57.56%) as major constituents. The third sample
collected at APA Algodoal/Maiandeua (Sample C), presented two
major constituents: o-zingiberene (leaf: 24.49%, branch: 18.61%)
and B-sesquiphellandrene (leaf: 20.00%, branch: 17.00%). In this
study, we found that leaves and branches of all analyzed samples of
T. guianensis accumulated more sesquiterpene hydrocarbons (leaves:
90.50%, 80.09%, 91.92%, 91.68% and 75.24%; branches: 100.00%,
65.7%,75.51%, 78.04%, and 58.49%) than oxygenated sesquiterpe-
nes (leaves: 2.77%, 12.79%, 1.97%, 6.42%, and 14.17%; branches:
zero, 20.77%, 7.86%, 14.08% and 28.86%). On the other hand, some
compounds also appear to be restricted to one tissue: several com-
pounds were encountered only in the branches. As a good example,
B-pinene, o-phellandrene, terpinolene, nonanal, (2E)-nonen-1-al,
decanal, geraniol, (2E)-decen-1-al, safrole, (2E,4Z)-decadienal, and

(2E.,AE)-decadienal were detected in branches of the Sample E, but
absent in the leaves. A similar result was obtained by Courtois et al.”
for bark and leaves of 55 tropical tree species.

The intraspecific variability of all 119 compounds from the ten
samples was included in the multivariate analysis using Minitab 14
software for Hierarchical Component Analysis (HCA). HCA distin-
guishes the Samples B, D, and E for the content of (E)-caryophyllene,
and the Samples A and C by the content of -selinene/a-selinene and
[-sesquiphellandrene/oi-zingiberene, respectively. HCA also revealed
that the chemical composition of leaves and branches of 7. guianensis
do not exhibit expressive differences. Therefore, three main types of
essential oils of individuals of the 7. guianensis were found: Cluster I
(Sample A) was characterized by the presence of -selinene/oi-selinene.
Cluster II (Samples B, D and E) had (E)-caryophyllene as major
compound. Cluster III (Sample C) showed substantial percentages of
[-sesquiphellandrene/o-zingiberene. In the oils of 7. guianensis large
variation was observed in the content of the major and minor consti-
tuents, besides high qualitative variation. This variation is especially
important because the samples were collected in the same environment
(sandbank), municipality, and Amazonian climatic period (dry season).
Additionally, all of the plants were in the flowering stage and were free
from injuries by microorganisms. Our results suggest that chemical
types may exist for 7. guianensis.



1192 Zoghbi et al.
; 3
49.09 m 1t
4
> 66.06-
£
= 5
&
83.031 6
y_l_‘_lj‘ ;
100.00 —— T T T T T T —
1 2 3 4 7 8 9 10 5 6
Variables 8
9

Figure 1. Hierarchical Component Analysis (HCA) of Tapirira guianensis
plants collected from five populations of the North of Brazil

CONCLUSION

The essential oils of T. guianensis, growing wild in two sand-
banks of the State of Pard were characterized by the predominance
of hydrocarbon sesquiterpenes. Three types of the oils were encoun-
tered for this species: 1) B-selinene/a-selinene, 2) (E)-caryophyllene,
3) o-zingiberene/B-sesquiphellandrene. The chemical variability of 7.
guianensis is important in light of their use in traditional medicine.
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