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There is no doubt that the chemical composition of plants, including norvolatile and volatile compounds, is widely affected by abiotic and biotic
stress. Plants are able to biosynthesize a variety of secondary metabolites
against actions of natural enemies, such as herbivores, fungus, virus
and bacteria. The present study revealed that the chemical compositions
of leaf essential oils from Ipomoea alba underwent quantitative and
qualitative alterations both when infested with the grasshopper Elaeochlora
trilineata and mechanically damaged. Grasshopper attack and mechanical
wounding induced the biosynthesis of nine volatile compounds in
leaves of I. alba: cumene, α-ylangene, β-panasinsene, β-gurjunene
aromadendrene, β-funebrene, spirolepechinene, cubenol and sclareolide.
The amount of germacrene D (33.2% to 20.4%) decreased when the leaves
were mechanically damaged; but when the leaves were attacked by a
grasshopper, the germacrene D increased from 33.2% to 39.4%. The results
showed that I. alba leaves clearly responded to abiotic and biotic stress and
contribute to an understanding of plant responses to stress conditions.
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1. Introduction
The chemical composition of plants can vary greatly in
response to abiotic and biotic stress, such as soil salinity,
temperature, humidity and nutrient deficiency, pathogen
infection and herbivore attack [1,2]. In particular, plants
biosynthesize a wide spectrum of secondary metabolites
when they are injured by herbivores, including volatile
compounds that consist predominantly of terpenes and
widely known as allelochemicals [3,4].

Terpenes represent the main and most abundant class
of plant secondary compounds, with approximately
55,000 elucidated chemical structures. Volatile terpenes
are associated with abiotic and biotic stress tolerance [5,6].
Monoterpene linalool and sesquiterpene (E)-β-farnesene,
biosynthesized by plants, act as allomones in herbivores
and aphids, respectively [7]. Terpenes (-)-α-bisabolol, carvacrol, (+)-terpinen-4-ol and thymol are active against
the Colorado potato beetle (Leptinotarsa decemlineata),
whereas terpenes (-)-verbenone, camphor and linalyl
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acetate have shown antifeedant activities [8]. Chelonus insularis, a wasp egg-larval endoparasitoid, is attracted to a
blend of terpenes α-pinene, α-longipinene and α-copaene
emitted by maize plants, mainly when the plant is damaged by Spodoptera frugiperda larvae [9].
Our previous studies showed that other classes of secondary metabolites, such as phenylpropanoids, have been
related to the induced response of plants to biotic and
abiotic stress. For example; Phenylpropanoids myristicin,
dilapiol, eugenol and eugenol acetate were only identified
in the essential oil of Mangifera indica leaves damaged by
the grasshopper Tropidacris Collaris and mechanically [10].
Phenylpropanoid dillapiole has been previously reported
in the essential oil of the Solanum paniculatum leaf as the
plant’s chemical defense to abiotic stress [11]. Biotic and
abiotic stress can also affect the biological potential of
plants as in the case of Piper marginatum leaves: P. marginatum essential oil obtained from the leaves damaged by
insects showed lower antimicrobial potential against fungi
and bacteria when compared to essential oil obtained from
healthy leaves [12].
In our ongoing study to identify compounds associated
with plant chemical defense [13], here we describe changes in the chemical profile of essential oils obtained from
Ipomoea alba L. leaves after a grasshopper (Elaeochlora
trilineata) attack or by mechanical injury. I. alba, popularly known as the moonflower or moonvine, is native to
the Caribbean, Mexico and Brazil, where the plant is used
in folk medicine due to its purgative, analgesic, anti-inflammatory, anti-rheumatism, antimicrobial, anti-pyretic,
hypotensive and emollient properties [14,15].
There are few reports on chemical studies of I. alba.
Indolizine alkaloids and glycoside have previously been
isolated from I. alba seeds [16,17]. In relation to studies on
the chemistry of the essential oils from the I. alba leaf on
the biotic and abiotic stress, to our knowledge there are no
reports.

2. Material and Method
2.1 Plant and Insect
Fresh leaves from I. alba were collected on Campus
of Federal Rural University of Pernambuco (UFRPE) to
obtain their essential oils. The plant was identified by Dr.
Margareth F. de Sales of the same university and a voucher of species was deposited at the Vasconcelos Sobrinho
Herbarium of the Federal Rural University of Pernambuco, Recife city, Brazil. Adult grasshoppers of the species
Elaeochlora trilineata were collected on the campus of
UFRPE and identified by Dr Argus Vasconcelos de Almeida (Department of Biology, UFRPE).
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2.2 Stress Conditions
Adult I. alba stems with undamaged and insect-free
leaves were collected from specimens (N = 3) growing on
the campus of the Federal Rural University of Pernambuco (Figure 1) and maintained for 24 h in bottles with water
in a greenhouse without supplementary lighting. Collected
leaves (3 bottles) were infested during 4 hours with the E.
trilineata grasshopper (10 specimens to each sample) to
simulate biotic stress. Mechanical damage was caused by
piercing leaf tissues (3 bottles) with a paper punch to simulate abiotic stress over a period of 4 h. Five 80 mm holes
were punched in each leaf. Plant samples (N = 3) with
healthy and undamaged leaves were collected and used as
negative control.

Figure 1. I. alba leaves healthy and submitted to abiotic
and biotic stress.

2.3 Essential Oil Extraction
The essential oils from the undamaged leaves of the I.
alba as well as those under biotic and abiotic stress (400
g each), were extracted using a modified Clevenger-type
apparatus and subject to hydrodistillation for 2 h. The oil
layers were separated and dried over anhydrous sodium
sulfate, stored in hermetically sealed glass containers, and
kept under refrigeration at 5 ºC until analysis. All experiments were carried out in triplicate.

2.4 Quantitative Analysis of Essential Oils
Analysis by gas chromatography (GC) was performed
in a Hewlett Packard 5890 Series II GC machine equipped
with a flame ionization detector (FID) and a non-polar DB-5
fused silica capillary column (30 m × 0.25 mm × 0.25 μm
film thickness). The oven temperature was programmed to
rise from 50 °C to 250 °C at a rate 3 C/min for integration
purposes. Injector and detector temperatures were 250 °C. H2
was used as the carrier gas at a flow rate of 1 L/min and 30
psi. inlet pressure in split mode (1:20). The injection volume
was 1.0 µL of dilution solution (1/100) of oil in hexane. The
relative concentrations of the identified constituents were
calculated by base of the GC peak areas in the order of DB-5
column elution and expressed as a relative percentage of the
total area of all the peaks. All the oil samples were analyzed
in triplicate.
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2.5 Chemical Identification of Essential Oils
The essential oils were analysed by gas chromatography/mass spectrometry (GC/MS) (50-250 ºC at 3 ºC min.
rate) using a Hewlett-Packard GC/MS system (CG:5890
Series II/CG–MS: MSD 5971) equipped with a fused-silica capillary column (30 m × 0.25 mm i.d. × 0.25 μm)
coated with DB-5column. The injector and detector
temperatures were 250 °C and 260 °C, respectively. MS
spectra were obtained using electron impact at 70 eV with
a scan interval of 0.5 s, fragments from 40 Da to 550 Da,
He carrier gas, flow rate 1 mL/min, split mode (1:20),
injection volume 1 µL of dilution solution (1/100) of oil
in hexane. Compound identification was established in
retention indices with reference to a homologous series
of C11–C24 n-alkanes, calculated using the Van den Dool
and Kratz equation and by comparison with the GC/MS
library mass spectra acquired from the data system [18,19].

3. Results and Discussion
The chromatograms obtained by GC/MS of essential
oil samples from healthy and damaged leaves of I. alba
showed qualitative and quantitative differences when

compared to each other (Figure 2). Previous studies have
revealed that the chemical composition of essential oils
from Ipomoea species is constituted mainly of sesquiterpenes such as germacrene, cis-cadin-1(6),4-diene, humulene, caryophyllene, copaene, bicyclogermacrene, cadinol
and murolene [20]. To our knowledge, there has been only
one study on the chemistry of the essential oil from I. alba
leaves, where the major constituent was identified as germacrene D (leaves 27.8% and flowers 45.8%) [20].
It was possible to identify sixteen compounds: four
terpenes: δ-elemene, E-caryophyllene, germacrene D and
cis-cadina-1,4-diene were found in the three oils. Sesquiterpene germacrene D was identified as the major compound
with 39.4%, for leaves under biotic stress; 20.4%, for leaves
under abiotic stress, and 33.2%, for healthy leaves (Table
1). Terpenes represent the largest and structurally the most
diverse group of volatiles released by plants and are emitted
either constitutively or induced in response to abiotic and
biotic stresses [21]. Germacrene D commonly occurs in plants
and has been identified in angiosperms, gymnosperms and
bryophytes. Germacrene D is a precursor of various sesquiterpenes and it has been reported to have repellent and
insecticidal activity [22]. For example, germacrene D has been

Figure 2. Chromatograms obtained by GC/MS of essential oils from I. alba leaves: healthy (Control) and damaged
(Biotic and abiotic stress)
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reported to have mosquitocidal activity against three mosquito species, Anopheles gambiae, Culex quinquefasciatus and
Aedes aegypti [23].
Here, a total of nine volatile organic compounds have
been identified in response to biotic and abiotic stress:
cumene, α-ylangene, β-panasinsene, β-gurjunene aromadendrene, β-funebrene, spirolepechinene, cubenol and
sclareolide.
In the essential oil from the biotic-stressed, herbivore-damaged leaf, the presence of only two compounds
has been identified that had not been found in the essential oil samples from undamaged or mechanically-damaged leaves: β-Gurjunene (2.1%) and spirolepechinene
(2.5%), associated with the inducible defense of I. alba
in response to damage by the grasshopper E. trilineata.
Essential oil extracted from the Dipsacus asper roots exhibited larvicidal activity against Aedes aegypti and Culex
pipiens; β-Gurjunene has been identified as one of the
major compounds in the oil [24]. The spirolepechinene is a
spirosesquiterpene found in Lepechinia bullata and of a
unique structure [25].

The β-funebrene and sclareolide were produced by the
leaves of I. alba in significant quantities in response to injuries by the grasshopper and by mechanical injury. Sclareolide is a sesquiterpene lactone with antimicrobial and
cytotoxic activity. It is derived from various plant sources including Salvia sclarea and Nicotiana tabacum [26].
β-funebrene has been identified as one of the main compounds in the essential oil of Campomanesia adamantium
leaves, a plant used for its antiinflammatory, anti-diarrhoeal and antimicrobial activities [27].
A great number of compounds have been identified
for essential oil from I. alba leaves in response to abiotic
stress (cumene, α-ylangene, β-panasinsene, β-funebrene,
aromadendrene, cubenol and sclareolide). Sesquiterpene
α-ylangene has been identified in some essential oils of
plants with diverse biological activities, but only as a
minor compound [28]. Essential oil of Eucalyptus globulus has been reported to have insecticidal activity against
insecticidal on Acanthoscelides obtectus adults as well as
against the red mite Dermanyssus gallinae; some terpenes, including aromadendrene, have been associated with

Table 1. Chemical constituents of essential oils from healthy (Control) and damaged (Abiotic and biotic stress) I. alba
leaves

a

Essential oils (%)c

Compounds

RIa

RIb

1.Cumene

993

924

2.δ-Elemene

1331

1335

3.α-Ylangene

1372

1373

1.7 ± 0.02

4.β-Panasinsene

1385

1382

1.1 ± 0.03

5.β-Elemene

1389

1389

6.β-Funebrene

1418

1413

7.E-Caryophyllene

1420

1417

8.β-Gurjunene

1428

1431

9.Spirolepechinene

1454

1449

10.Aromadendrene

1453

1458

11.Spirolepechinene

1451

1449

12.Germacrene D

1482

1484

33.2 ± 0.00

20.4 ± 0.01

39.4 ± 0.01

13.Cis-cadina-1,4-diene

1497

1495

10.3 ± 0.02

5.2 ± 0.02

11.8 ± 0.01

14.Spathulenol

1580

1577

4.1 ± 0.02

9.8 ± 0.01

15.Cubenol

1629

1627

2.3 ± 0.02

16.Sclareolide

2108

2065

6.7 ± 0.01

3.3 ± 0.02

Control

4.2 ± 0.01

3.3 ± 0.04

13.6 ± 0.01

Abiotic

Biotic

0.7± 0.02

1.1 ± 0.01

0.7 ± 0.00

4.7± 0.01

4.0 ± 0.01
6.3 ± 0.02

6.1 ± 0.02

5.2 ± 0.02

3.9 ± 0.03
2.1± 0.04

3.7 ± 0.03
3.5 ± 0.03
2.5

Total (%)

72.4 ± 0.01

67.5 ± 0.02

74.8 ± 0.02

Oil yields (%)

0.19 ± 0.02

0.23 ± 0.01

0.20 ± 0.01

Retention indices calculated from retention times in relation to those of the series n-alkanes on a 30 m DB-5 capillary column.
Retention indices from the literature cComposition: total area percentages given as mean ± SD (n = 3).

b
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oil activity [29]. The essential oil of the Blepharocalyx cruckshanksii leaves with 24.5% of cubenol showed insecticidal, repellent and anti-food activity against the horn fly,
Haematobia irritans, considered the largest livestock pest
in the world [30].
In our study, the main quantitative variations between
the essential oils of damaged and healthy leaves consisted
among their major compounds. In the healthy leaves, the
principal component was identified as germacrene D. This
decreased when the leaves suffered mechanical damage. A
significant increase in the amount of germacrene D (33.2%
to 39.4%) was observed when the leaves were injured by
the grasshopper E. trilineata.

4. Conclusions
In summary, we identified nine volatiles compounds
from essential oils of I. alba leaves in response to abiotic
and biotic stress. The results obtained contribute significantly to knowledge about plant chemistry under stress
conditions, mainly for the genus Ipomoea.
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