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Artigo

Chemical analysis involving gas chromatography coupled to mass spectrometry of the essential oils of red and orange flowers

from E. velutina revealed a predominance of phenylpropanoids in both samples. However, qualitative and quantitative differences
were found in the compositions. (E)-Asarone (16.22 + 0.23%) and (E)-caryophyllene (12.22 + 0.11%) were identified as the major
constituents of the essential oil from the red flowers, whereas (E)-caryophyllene (41.72 + 1.65%) and eugenol (20.99 + 0.21%)
were identified as the major constituents of the oil from the orange flowers. Seventeen fatty acids were characterized in the red and

black seeds. The fatty acid composition in the two chromatic variations had a high degree of similarity. Oleic acid (41.56 + 1.33%
and 46.12 + 1.90% in the red and black seeds, respectively), palmitic acid (15.39 + 0.16% and 12.33 + 0.41%) and behenic acid
(9.95 + 0.14% and 12.10 + 0.42%) were identified as the main fatty acids. Principal component analysis (PCA) and hierarchical
cluster analysis (HCA) enabled identifying significant differences in the chemical profile of the essential oils from the red flower
and orange flower varieties of E. velutina. In contrast, PCA and HCA analysis revealed no significant differences in the fatty acid

profile of the red and black seeds.
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INTRODUCTION

The genus Erythrina (Fabaceae) has broad distribution in
tropical and subtropical regions and is composed of 120 species, 70
of which are found in the Americas.' Eleven species of the genus
occur in Brazil.> Erythrina velutina is particularly abundant in the
state of Pernambuco, occurring on both the mainland and the island
of Fernando de Noronha. Known locally as “mulungu”, E. velutina
is a large arboreal plant with a twisted stem that is employed for
landscaping purposes and the regeneration of degraded areas. In
folk medicine, the infusion of the bark is indicated as a tranquilizer
and cough suppressant as well as for the treatment of bronchitis,
hemorrhoids and parasitic intestinal infections.>*

The flowers of E. velutina are predominantly red, with some
plants exhibiting orange flowers. However, other plants, especially
cultivated ones, have different colors, such as greenish yellow, white
or pale.’ The fruit is a dehiscent legume, with a pod measuring 5 to 8
cm in length containing one to three kidney-shaped, shiny red seeds.®
Ridley’ identified a plant found on the island of Fernando de Noronha
with the same morphological characteristics as E. velutina, but with
chromatic differences in the seeds as a new species denominated
E. aurantiaca (black or blackish red seeds). In the mid 20" century,
Krukoff® noted that the species Ridley identified had many similarities
to E. velutina, with a difference only in the color of the seeds. As
E. aurantiaca had blackish red or black seeds and E. velutina had
red seeds, Krukoff proposed a new combination: E. velutina fo.
aurantiaca. Recently, genetic studies of individuals with red and
black or blackish red seeds collected on the island of Fernando de
Noronha demonstrated similarities and proposed the synonymy of
the aurantiaca form of Erythrina velutina.® Specimens with orange
flowers and black or blackish red seeds only occur on the island of
Fernando de Noronha. According to a bibliographic survey, chemical
investigations of E. velutina (red seeds) collected on the mainland
reveal the presence of alkaloids and flavonoids.'*!" However, no
previous study has been conducted for the identification of the
chemical constituents of the essential oils from this species.

*e-mail: claudio_agc@hotmail.com

In our ongoing efforts to broaden knowledge on the chemical
profiles of plants that occur in the state of Pernambuco (northeastern
Brazil), the aim of the present study was to determine and compare
the chemical composition of the essential oils from the flowers and
fatty acids from the seeds of E. veluntina that occur on the island of
Fernando de Noronha and have chromatic differences in the seeds
and flowers.

MATERIAL AND METHODS
Collection of plant material

The flowers and seeds of each synonym of Erythrina velutina
Willd. were collected from five specimens from different sites
(light orange flower and black seeds: Forte de Nossa Senhora dos
Remédios 32°24°37” W 3°50°22” S; Praia da Conceicdo 32°25°08” W
3°50’50” S; Praia do Sancho 32°25°59” W 3°51°18” S; Alameda do
Boldré 32°25°05” W 3°50°58” S and Agude da Ema 32°25°42” W
3°51°01” S; red flowers and red seeds: Forte de Nossa Senhora dos
Remédios 32°24°37” W 3°50°22” S; Praia do Sancho 32°25°58” W
3°51°18” S and 32°25°59” W 3°51°18” S; Alameda do Boldré
32°25°05” W 3°50°58” S; Agude da Ema 32°25°45” W 3°51°04” S)
on the Fernando de Noronha archipelago in the state of Pernambuco
- Brazil. The plants were identified by botanist M. R. Pereira (Federal
Rural University of Pernambuco). Voucher of both samples were
mounted and deposited in the Vasconcelos Sobrinho Herbarium of the
same university (UFRPE) under numbers: 19951 Erythrina velutina
(red seed) and 49645 E. velutina (black seed).

Chemicals

All monoterpenes (a-pinene; B-pinene; myrcene; limonene;
terpinolene; camphor; o-terpineol; carvacrol), sesquiterpenes
((E)-caryophyllene; caryophyllene oxide), phenilpropanoids
(eugenol; eugenol acetate; (E)-asarone; (Z)-asarone; apiole) and
methyl esters (methyl myristate (C14:0), methyl palmitate (C16:0)
and methyl stearate (C18:0)) were purchased from Sigma-Aldrich -
Brazil (> 98%).
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HPLC-grade methanol and hexane were purchased from Merck
SA and used without further purification. Hydrochloric acid (36%),
anhydrous sodium sulfate (Na,SO,) and potassium hydroxide (KOH,
> 85%) were purchased from Sigma-Aldrich - Brazil. Deionized water
was purified by a Milli-Q purification system (Millipore, Bedford,
MA, USA).

Isolation of essential oils

The essential oils from fresh red and orange flowers (200 g) were
separately isolated using a modified Clevenger-type apparatus and
hydrodistillation for 2 h. The oil layers were separated and dried over
anhydrous sodium sulfate and stored in hermetically sealed glass
containers at a low temperature (-5 °C) until analysis. Total oil yields
were expressed as percentages (g/100 g of fresh plant material). All
experiments were carried out in triplicate.

Preparation of fatty acid methyl esters from seed oil

Approximately 50 g of E. velutina black and red seeds were
milled and extracted separately with n-hexane in a Soxhlet apparatus.
The residual solvent in the oil was evaporated and the oil yield was
determined in relation to the dry mass of the original sample. The
oils from the black and red E. velutina seeds were converted into
methyl esters using the transesterification process in methanol with
a basic catalyst. The dried oils reacted with the catalyst (potassium
hydroxide) dissolved in methanol for 45 min at 45 °C."? A solution
of hydrochloric acid was added, followed by water until reaching pH
7. The methyl esters were extracted three times with n-hexane. The
organic phases were united and the solvent was removed with a rotary
evaporator. An aliquot corresponding to about 0.1 mg was diluted in
1 mL of n-hexane and analyzed by gas chromatography coupled to
mass spectrometry (GC-MS) to determine the fatty acid composition.

Gas chromatography

Quantitative GC analyses were carried out using a Hewlett-
Packard 5890 Series II GC apparatus equipped with a flame ionization
detector (FID) and a non-polar DB-5 fused silica capillary column (30
m x 0.25 mm x 0.25 um) (J & W Scientific). The oven temperature
was programmed from 60 to 240 °C and held for 6 min at a rate 3 °C
min’. Injector and detector temperatures were 260 °C. Hydrogen was
the carrier gas, with a flow rate of 1 mL min™ in split mode (1:30).
The injection volume was 0.5 pL of diluted solution (1/100) of oil in
n-hexane. The amount of each compound was calculated from GC
peak areas in the order of the DB-5 column elution and expressed as
a relative percentage of the area of the chromatograms. All analyses
were carried out in triplicate.

Gas chromatography-mass spectrometry

The GC-MS analysis was carried out using a Varian 220-MS IT
GC system with a mass selective detector mass spectrometer in EI 70
eV with a scan interval of 0.5 s and fragments from 40 to 550 Da fitted
with the same column and temperature program as that for the GC
experiments. Helium was the carrier gas, with a flow rate of 1 mL min™!
in split mode (1:30). The injection volume was 1 uL of diluted solutions
(1/100) of oil in n-hexane. All analyses were carried out in triplicate.

Identification of components

The identification of the components was based on GC retention
indices with reference to a homologous series of Cy-C,, n-alkanes
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calculated using the Van den Dool and Kratz equation' by computer
matching against the mass spectral library of the GC-MS databases,
such as the NIST electron ionization (EI) mass spectral library,'* and
co-injection with authentic standards as well as other published mass
spectra.'® Area percentages were obtained from the GC-FID response
without the use of an internal standard or correction factors.

Statistical analysis

Based on the results of chromatographic analysis of fatty acids
in the red and black Erythrina velutina seeds as well as previous
reports on other species of Erythrina (E. variegate, E. velutina,
E. lithosperna, E. arborescens, E. stricta, E. indica 1, E. indica 2,
E. indica 3, E. speciosa, E. suberosa and E. Americana),'® a species
similarity graph was generated by the distance of the correlation
coefficient using hierarchical cluster analysis (HCA) with the aid of
BioDiversity Pro version 2. Principal component analysis (PCA)
based on the complete dataset was conducted to evaluate the fatty acid
composition of the Erythrina seeds. GC-MS data were exported in
ASCII format to Microsoft Excel to produce a data matrix of sample
versus metabolite peaks with associated peak areas. All the analyses
were performed using Unscrambler® version 9.5."

RESULTS AND DISCUSSION

Hyrdodistillation of the red and orange flowers from the varieties
of E. velutina that occur on the island of Fernando de Noronha
furnished yellow and colorless essential oils, respectively. Table 1
displays the yields, specific rotation and identification of the chemical
constituents of the two essential oils. A greater yield was achieved
with the orange variety (0.07 = 0.00%). The oils were levorotatory,
with a specific rotation of [o]3® = -27.4° (c=1, CH,CL,) for the oil
from the red flowers and [at]2° =-18.0° (c=1, CH,Cl,) for the oil from
the orange flowers.

The GC-MS analysis enabled the identification of 64 compounds,
representing 94.67 = 0.81% and 95.97 + 1.93% of the oils from
the red and orange flowers, respectively (oil chromatograms in
Figure 1S, Supplementary Material). Both oils are characterized by
ketones, alcohols, esters, fatty acids, monoterpenes, sesquiterpenes
and phenylpropanoids.

Forty-seven compounds were identified in the essential oil from the
red flowers, in which phenylpropanoids constituted the predominant
chemical class (47.42 + 0.71%). (E)-Asarone (16.22 + 0.23%) was
the major constituent, followed by (E)-caryophyllene (12.22 +0.11%)
and exalatacin (9.94 + 0.20%). Significant percentages of other
constituents were also identified, such as eugenol (6.05 + 0.64%),
Y-terpinene (5.19 + 0.41%) and (Z)-asarone (5.99 = 0.05%). Less
diversity was found in the essential oil from the orange leaves,
in which 38 compounds were identified. Phenylpropanoids
(47.70 £ 0.28%) were once again the predominant class, but the main
constituent was the sesquiterpene (E)-caryophyllene (41.72 £ 1.65%),
followed by eugenol (20.99 + 0.21%) and croweacin (9.76 +0.14%).

Regarding the terpenoids found in the oils, the red flower
variety had six-fold more monoterpenes than the orange variety.
In contrast (as if a form of compensation in the production of
these constituents), the amount of sesquiterpenes was twofold
higher in the oil from the orange flowers. The major chemical
constituents identified herein are found in both oils, varying only
in terms of relative percentages. For example, (E)-asarone is the
major constituent of the oil from the red flowers (16.22 + 0.23%)
and is found at a much lower percentage in the oil from the orange
flowers (1.50 = 0.00%). Likewise, (E)-caryophyllene is the major
constituent of the oil from the orange flowers (41.72 + 1.65%)
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Table 1. Percentage composition (% + SD), specific rotation and yield of essential oils from red and orange flowers of Erythrina velutina

Compounds RI* RI® Red flowers Orange flowers Method of identification
Yield (%) = SD 0.03+0.01 0.07+0.00

[o]p**(c.=1,CH,CL,) 27.4° -18.0°

(4Z)-Hexenol 875 871 2.63+0.01 - RI, MS
Isopropyl-2-methyl Butyrate 882 880 2.36+0.02 - RI, MS
o-Thujene 923 923 0.05+0.00 - RI, MS
o-Pinene 936 932 0.19+0.00 - RI, MS, CI
Sabinene 972 969 0.22+0.00 - RIL, MS
-Pinene 978 974 0.35+0.01 - RIL, MS
Myrcene 990 988 0.14+0.00 - RI, MS, CI
o-Phellandrene 1007 1002 0.08+0.00 - RI, MS
5-3-Carene 1013 1008 0.17£0.00 - RI, MS
0-Cymene 1024 1022 1.02+0.00 - RI, MS
Limonene 1029 1024 2.22+0.03 - RI, MS, CI
(E)-B-Ocimene 1047 1044 0.10£0.40 - RIL, MS
v-Terpinene 1058 1054 5.19+0.41 0.50+0.01 RIL, MS
cis-Sabinene hydrate 1067 1065 2.35+0.15 0.20£0.00 RI, MS
Terpineolene 1089 1086 0.17£0.00 - RI, MS, CI
Linalool 1100 1095 1.59+0.01 RI, MS
cis-Limonene oxide 1133 1132 0.06+0.00 - RI, MS
Camphor 1141 1141 0.33+0.00 - RI, MS, CI
Terpinen-4-ol 1176 1174 1.35+0.01 0.60+0.00 RIL, MS
p-Cymen-8-ol 1183 1179 0.22+0.00 0.55+0.00 RI, MS
o-Terpineol 1190 1186 1.46+0.01 1.26+0.02 RI, MS, CI
Carvone 1243 1239 - 0.10£0.00 RI, MS
Thymol 1287 1286 - 0.11x0.00 RI, MS, CI
p-Cymen-7-ol 1294 1289 - 0.33+0.00 RI, MS
3-Methoxy-acetophenone 1295 1295 0.38+0.00 - RI, MS
Carvacrol 1303 1298 0.68+0.00 0.41+0.00 RI MS, CI
p-Vinyl-guaiacol 1309 1309 0.14+0.00 0.21x0.00 RI, MS
Citronellic acid 1313 1312 - 0.19+0.00 RI, MS
d-Elemene 1335 1335 0.28+0.00 0.28+0.00 RI, MS
o-Terpinyl acetate 1342 1341 0.10+0.00 - RI, MS
Eugenol 1354 1354 6.05+0.64 20.99+0.21 RIL MS, CI
Decanoic acid 1369 1364 - 0.10+0.00 RI, MS
o-Copaene 1378 1374 0.18+0.00 0.36+0.00 RI, MS
B-Elemene 1393 1389 - 0.03+0.00 RI, MS
(E)-Caryophyllene 1421 1417 12.22+0.11 41.72+1.65 RI, MS, CI
B-Copaene 1431 1430 - 0.08+0.00 RI, MS
(E)-Cinnamy] acetate 1439 1440 - 0.18+0.00 RI, MS
Myltayl-4(12)-ene 1445 1445 - 0.12+0.00 RIL, MS
Croweacin 1456 1455 1.62+0.02 9.76+0.14 RIL, MS
Ishwarone 1465 1465 0.34+0.00 1.23+0.00 RI, MS
Y-Muurolene 1482 1478 1.38+0.02 0.64+0.11 RI, MS
Germacrene D 1482 1481 - 0.95+0.01 RI, MS
B-Selinene 1487 1487 - 0.24+0.00 RI, MS

cis-B-Guaiene 1494 1492 - 0.27+0.00 RI, MS
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Table 1. Percentage composition (% + SD), specific rotation and yield of essential oils from red and orange flowers of Erythrina velutina (cont.)

Compounds RI* RI® Red flowers Orange flowers Method of identification
Bicyclogermacrene 1497 1500 0.44+0.00 0.60+0.00 RI, MS
o-Muurolene 1501 1500 0.312+0.00 0.29+0.00 RI, MS
Germacrene A 1506 1505 - 0.07+0.12 RI, MS
Eugenol acetate 1520 1520 2.88+0.00 2.48+0.00 RI, MS, CI
Elemicin 1551 1555 1.37+0.02 1.82+0.00 RI, MS
Geranyl butanoate 1564 1562 1.5620.00 - RI, MS
(Z)-Isoelemicin 1569 1568 1.06+0.01 1.59+0.02 RI, MS
Caryophyllene oxide 1582 1582 1.39+0.01 - RI, MS, CI
Guaiol 1602 1600 0.36+0.00 - RI, MS
(Z)-Asarone 1620 1616 5.99+0.05 2.47+0.11 RI, MS, CI
1-epi-Cubebol 1629 1627 0.33+0.00 - RI, MS
Exalatacin 1654 1655 9.94+0.20 2.17+0.01 RI, MS
Valerianol 1657 1656 2.87+0.01 - RI, MS
7-epi-a-Eudesmol 1662 1662 2.04+0.01 - RI, MS
(E)-Asarone 1673 1675 16.22+0.23 1.50+0.00 RI, MS, CI
Apiole 1679 1678 4.29+0.60 0.57+0.11 RI, MS, CI
Total 94.67+0.81 95.97+1.93

Monoterpenes 18.46+0.15 3.77+0.00

Sesquiterpenes 23.8+0.11 44.40+1.60

Phenylpropanoids 47.42+0.71 47.70+0.28

Others 4.99+0.02 0.10£0.00

RI* = retention indices calculated from retention times in relation to those of a series of n-alkanes in a 30 m DB-5 capillary column. RI* = retention indices
from the literature. SD = standard deviation, RI: retention index; MS: mass spectroscopy; CI: co-injection with authentic compounds. Method of identification:

RI, MS and RI, MS, CIL.

and is found at a lower percentage in the oil from the red flowers
(12.22 £ 0.11%). Quantitative differences were also found for other
constituents present in both oils, indicating quantitative variation in
the chemical profile of the oils from the red and orange varieties.
Among the 64 chemical constituents identified, 24 were found in
both oils, demonstrating qualitative and quantitative differences in
the chemical composition of the oils investigated.

These results were confirmed by PCA, which showed a clear
separation of the two oils (Figure 1). Ninety-eight percent of the
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variability in the data was explained by the first (PC1 = 92%) and
second (PC2 = 6%) components.

To the best of our knowledge, the only study on essential oils
from the genus Erythrina in the literature describes the leaf oil from
E. crista-galli*® and no similarities are found between it and the oils
described herein. The oil from E. crista-galli had monoterpenes as
the predominant chemical class (70.2%), with linalool (53.9%),
spathulenol (9.6%) and a-terpineol (8.4%) as the major constituents.
Linalool and o-terpineol were found in the present analyses only at

— Red owersT

PC238%

0.02 <

0.04 —

0.5 04 03 02 0.1

Figure 1. Principal component analysis of essential oils from Erythrina velutina
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low percentages (1.59 +0.01% and 1.46 +0.01% in the red flower oil;
1.26 £ 0.02% and 0.00 + 0.00% in the orange flower oil, respectively).
Among the phenylpropanoids found in the red flower and orange
flower oils from E. velutina, only eugenol was identified in the leaf
oil from E. crista-galli (1.5%). Moreover, (E)-caryophyllene was the
major constituent of the orange flower oil from E. velutina and was
not found in the oil from E. crista-galli.

The fatty acids from the red (red flower variety) and black (orange
flower variety) seeds of E. velutina were analyzed by GC-MS (fatty
acid chromatograms in Figure 2S, Supplementary Material). Table 2
displays the chemical compositions and yields of the fatty acids found
in the red and black seeds.

A greater yield was achieved with the red seeds (11.93 = 0.60%),
which is similar to the yield described by Rao® for the white seeds
of the white variety of E. indica (about 12% fatty acids).

A total of 13 fatty acids were identified in the two seed
varieties, representing 91.17 + 1.40% of the oil from the red seeds

Table 2. Relative composition (% + SD) and yield of fatty acids from red and
black Erythrina velutina seeds

Fatty acids Red Black
Yield (%) = SD 11.93+0.60 7.97+0.53
Mpyristic acid (C14:0) 1.57+0.01 1.99+0.02
Palmitic acid (C16:0) 15.39+0.16 12.33+0.41
Palmitoleic acid (C16:1) 3.78+0.02 1.09+0.00
Stearic acid (C18:0) 0.46x0.00 1.28+0.12
Oleic acid (C18:1) 41.56+1.33 46.12+1.90
Linoleic acid (C18:2) 6.13+0.41 10.58+0.52
Linolenic acid (C18:3) 0.24+0.00 0.32+0.01
Behenic acid (C22:0) 9.95+0.14 12.10+0.42
Eicosenoic acid (C20:1) 5.44+0.09 4.43+0.08
Eicosadienoic acid (C20:2) 4.21+0.12 3.88+0.12
Dihomo-y-linolenic acid (C20:3) 0.10«0.01 0.19+0.05
Erucic acid (C22:1) 2.16+0.05 0.14+0.01
Docosadienoic acid (C22:2) 0.22+0.00 1.10+£0.04
Total Saturated fatty acids 28.36+0.14 27.60+0.09
Total monounsaturated fatty acids 52.94+1.44 51.78+0.38
Total polyunsaturated fatty acids 9.90+0.16 16.07+1.94
Total 91.20+1.40 95.55+1.76

SD = standard deviation.
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and 95.55 £+ 1.76% of the oil from the black seeds. The oils from
both colors of seeds were characterized by long-chain fatty acids
ranging from 14 to 22 carbon atoms, containing saturated fatty
acids (28.36 + 0.14% for red seeds and 27.60 = 0.09% for black
seeds), monounsaturated fatty acids (52.94 + 1.44% for red seeds
and 51.78 + 0.38% for black seeds) and polyunsaturated fatty acids
(9.90 £ 0.16% for red seeds and 16.07 = 1.94% for black seeds).
The fatty acids characterized in the red and black seeds have a
similar chemical profile, varying only in the relative percentages.
For example, oleic acid (C18:1) is the major component of both
seeds, with a significant difference in the percentage (46.12 + 1.90%
for black seeds and 41.56 + 1.33% for red seeds). Other significant
differences were found for palmitic acid (C16:0) (15.39 + 0.36 and
12.33 £ 0.41% for red and black seeds, respectively), behenic acid
(C22:0) (9.95+£0.14% and 12.10 £ 0.42%) and linoleic acid (C18:2)
(6.13 +0.41% and 10.58 + 0.52%).

The data on the fatty acid composition of the E. velutina seeds
in the present study are similar to those reported by Mayworm et
al.'® for a sample collected in the state of Bahia, Brazil, with regard
to the major constituents (51.0% oleic acid, 14.8% linoleic acid,
10.7% behenic acid and 10.0% palmitic acid). However, arachidic
acid (2.8%) and lignoceric acid (2.6%) described in the sample from
Bahia were not found in the present study.

The similarities among the fatty acids in the black and red
seeds reported in this study from samples collected on the island of
Fernando de Noronha and a sample collected in the state of Bahia
were confirmed by hierarchical cluster analysis (HCA) and principal
component analysis (PCA).

Figure 1 presents the HCA of the fatty acids identified in black
and red seeds collected from Fernando de Noronha as well as data
compiled from the literature on fatty acids identified in E. velutina
from Bahia and other congeners from different regions of the world:
E. variegata, E. lithosperna, E. arborescens, E. stricta, E. indica 1,
E. indica 2, E. indica 3, E. speciosa, E. suberosa and E. americana.'®

HCA revealed 93.8% similarity among the fatty acids found in
the black and red seeds from E. velutina collected on the island of
Fernando de Noronha and reds seeds from E. velutina collected in
the state of Bahia (Figure 2). This similarity was supported by the
PCA (Figure 3), in which the first two components explained 79%
of the variation in the data (PC1 = 57% and PC2 = 22%). The graph
shows the formation of a distinct group formed by the red and black
seeds in the present study and the seeds from E. velutina collected
in the state of Bahia.

These results show that, despite differences in the chemical
composition of the essential oils from the red and orange flowers

E
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E. variegata

E

E

_“7 E. speciosa

E. stricta
_:E indica 2
E. indica 1

E. indica 3
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Figure 2. Hierarchical cluster analysis of similarity in fatty acid profile among species of Erythrina
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Figure 3. Principal component analysis of fatty acids in seeds from species of Erythrina

of E. velutina, the chemical composition of the fatty acids in the
black and red seeds of these plants did not differ. Therefore, despite
the difference in the color of the seeds, the samples have the same
chemotype.

CONCLUSION

This is the first study on the chemical composition of essential
oils from the flowers of E. velutina. The oils from the orange and red
flowers exhibit significant qualitative and quantitative differences in
the chemical profile, which were confirmed by principal component
analysis. Although phenylpropanoids are the predominant chemical
class in both oils, (E)-caryophyllene is the major constituent in the
orange flower oil, whereas (E)-asarone is the major constituent of
the red flower oil.

Oleic acid, palmitic acid and behenic acid were the main fatty
acids found in the red and black seeds of E. velutina. PCA and HCA
confirmed a high degree of similarity in the fatty acid profile of the
two chromatic variations of seeds.

SUPPLEMENTARY MATERIAL

Figures 1S and 2S are available at http://quimicanova.sbq.org.br
as a pdf file (free access).
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