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grains

H. Y. Wang®*, M. Z. Zhang®*, X. Han®*, J. Cong?®*, S. Q. Wang?, S. L. He?, D. S. Wei®, Y. B. Zhang?,
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ABSTRACT ARTICLE HISTORY
The essential oil from the aerial parts of Lobularia maritima was investigated Received 25 February 2020
for its chemical composition, and its repellent and insecticidal efficacy against Revised 29 May 2020
the grain pests Callosobruchus maculatus, Tribolium castaneum and Sitophilus Accepted 1 June 2020
oryzae. A number of 41 compounds were identified by GC-MS from which KEYWORDS
azeleonitrile (39.7%), trans-3-pentenenitrile (36.3%) and 4-isothiocyanato- Contact effect; fumigant
1-butene (10.9%) were the most abundant. A fumigant bioassay-guided frac- effect; repellency
tionation of the essential oil constituents led to the isolation of trans-3-pente-

nenitrile. Its structure was confirmed by EI-MS and NMR techniques. Fumigant

effect of the essential oil was strong (LCsy = 7.48 pL/L) on C. maculatum and

moderate on S. oryzae and T. castaneum (LCso = 35.37 and 59.94 pL/L, respec-

tively). trans-3-pentenenitrile showed strong fumigant effect on the three pest

species (LCsp = 6.62-8.36 pL/L). Both the oil and trans-3-pentenenitrile showed

strong contact effect with LDsg values in the range 4.84-7.81 pg/adult. The oil

showed a repellency of 100% on C. maculatus and S. oryzae at concentrations

higher than 0.05 and 0.1 nL/cm?, respectively, and 93% against T. castaneum

yet at 0.2 nL/cm?. trans-3-pentenenitrile also showed 100% repellency against

C. maculatus (= 0.05 nL/cm?), S. oryzae (= 0.15 nL/cm?) and T. castaneum (0.2

nL/cm?). The results in this study indicated that the essential oil of L. maritima

is an important source of trans-3-pentenenitrile which can be used in the

development of insecticidal agents against the three grain pests.

Introduction

The post-harvest grain losses caused by insect damage and other noxious organisms reach about 10-
40% in the world.!"?! Pests attacking the store products include more than 600 beetle species, 70 moth
species, 40 rodent species, 150 fungal species and 355 mite species.”*! Beetles and moths are among the
most destructive pests of stored grains in the world.) The main beetle insects include Tribolium
castaneum, Callosobruchus maculatus and Sitophilus oryzae.” Their control has been based on
synthetic pesticides.!®’ However, there is a global concern derived from the intensive use of synthetic
pesticides because they generate environmental pollution, pest resistance and their residues often
survive in the food products.”! These problems have led the industries to seek for drugs, repellents and
other biological secondary metabolites from natural sources that can substitute synthetic chemicals.'®!
One alternative is the use of essential oils obtained from aromatic plants. Some essential oils are
currently used in many fields such as cosmetics, perfumery, cleaning, pharmacology, chemistry and
food production.”” In addition, essential oils would not induce resistance in grain stored pests.''"!
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Lobularia maritima (L.) is an annual plant of the Cruciferae family. It is a native halophyte found in
the seashores of the Mediterranean sea. Its aerial parts are traditionally collected from the wild in Sicily
(Italy) where they are consumed as a kind of vegetable in salads and other dishes."") L. maritima is
popularly used in Spain as a diuretic and antiscorbutic agent and as an adstringent in gonorrhea
treatment.!"?) It is also cultivated as a garden plant due to its colored flowers.!"*! and often inter-
cropped with horticulture crops where its nectar and pollen attract natural enemies involved in the
biological control of aphids.!"*! The availability of L. maritima in China and other countries do it an
interesting source of essential oils which might have insecticidal properties as shown for other species
of the Cruciferae family.!"! However, current knowledge concerning the chemical composition of the
essential oil of L. maritima is very scanty and its insecticidal activity has been not investigated.'® As
part of a screening program for new edible sources of insecticides, the aim of this research was to
evaluate the fumigant, contact and repellent effects of the essential oil of L. maritima against three
insect pests of stored grains and to identify the main active principle involved.

Materials and methods
Plant material

Flowering aerial parts (4.5 Kg) of Lobularia maritima cultivated in the Changchun Park (Jilin province)
were collected early at the morning during August 2016 and stored under 4 °C. Plant samples were
identified by Professor Ying Wu (Plant Science College, Jilin University, China), and a voucher specimen
was stored at the Herbarium of Jilin Agriculture University (accession number YZDB1910354).

Extraction of the essential oil

The essential oil was obtained from the whole aerial parts of L. maritima after 3 h of steam distillation
in a Clevenger-type apparatus. The oil was dried over anhydrous sodium sulfate, filtered and stored at
4°C until it was analyzed and tested in bioassays.

Chemical analysis of the essential oil

The composition of the essential oil was analyzed in a gas chromatograph (GC) coupled to a mass
spectrometer (MS) (70 eV). The analysis was done on a Thermo TRACE GC Agilent 5975, equipped
with HP-5 MS capillary column (30 m x 0.25 mm, 0.25 um film thickness). Sample injection volume,
1 uL (diluted to 1:100 in acetone); split ratio was 30:1. The carrier gas was helium at a flow rate of 1 mL/
min. The temperature program of the GC oven was initially held isothermal at 60 °C for 3 min, then
ramped from 60°C to 280°C at 8°C/min and finally held at 280°C for 20 min. The temperature of the
injector was kept at 280 °C; MS source temperature at 230 °C; MS quadrupole temperature at 150 °C;
interface temperature at 280 °C; Mass scan, 35-450 amu; Compounds were identified by comparison
of their arithmetic indexes (AI) and mass spectra with the data stored in National Institute of
Standards and Technology (NIST 2008), the Wiley 275 database and those reported by Adams.”!
Relative percentages of the oil components were calculated based on peak-areas from the GC-MS total
ion current (TIC) data.

Bioassay-directed fractionation

Ten ml of L. maritima oil were loaded on a column of silica gel 60 G (0.040-0.063 mm) which was
eluted with n-hexane-acetone (100:1 to 0:100, v/v). The fractions recovered were grouped in nine pools
(P1 to P9) based on the separation patterns observed on thin layer chromatography (TLC) plates of
silica gel 60 G F,54 (Merck) developed with acetone-n-hexane (1:30, v/v) as mobile phase. These pools
were tested for fumigant activity. Then, the constituents of the most active pool (P5) were separated in
a column of silica gel 60 G (0.040-0.063 mm) eluted with dichloromethane-methanol (6:4, v/v). The
eluted fractions were grouped in three pools (Pla, P2a and P3a) based on the TLC chromatograms
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developed with 95:5 chloroform/methanol as mobile phase. They were also evaluated for their
fumigant effect. The most bioactive pool of the second column (Pla) is hereafterin referred to as
compound 1. The ' H NMR and ** C NMR spectra of compound 1 were recorded in a Bruker Avance-
III 400 MHz spectrometer in deuterated methanol. NMR Fourier transform, peak picking and
integration were done with Bruker TopSpin software. The NMR spectra were compared with data
of the NMR database of Shanghai Institute of Organic Chemistry (Chinese Academy of Science) and
others available in the literature. The EI-MS of compound 1 was obtained using a JEOL JMS mass
spectrometer and manually compared with spectra previously published.!"®!"!

Insect cultures

C. maculatus, T. castaneum and S. oryzae were reared on bean grains, wheat flour mixed with yeast
(10:1, w/w) and rice grain, respectively. Adult insects (7 days old) were used for bioassays. The cultures
were maintained in the dark in an incubator set at 27 + 1°C with a relative humidity of 60-70%. All
experiments were carried out under the same environmental conditions.

Fumigant assays

The fumigant effect of the essential oil and the pools obtained from the bioassay guided isolation was
evaluated against adults of the three insect pests of stored grains as described by Liu and Ho."*"! Six
serial dilutions (100 pL to 3.1 pL) either of the essential oil or the pools were prepared in acetone. The
dilutions were impregnated on discs of 20 mm diameter (20 pL per disc) of Whatman filter paper. The
discs were then placed on the underside of screw caps of 24-mL glass vials. The solvent was allowed to
evaporate for 15 s before the cap was placed tightly on the glass vials, each of which contained 10 adult
insects inside to form a sealed chamber. Preliminary experiments demonstrated that 15 s was sufficient
for the evaporation of solvents. Discs with acetone and dichlorvos (Sigma-Aldrich, China) were tested
as negative control and positive controls, respectively. Five replicates were carried out for all treat-
ments and controls, and they were incubated for 24 h. The insects were then transferred to clean vials
with some culture media, returned to the incubator and observed daily for determination of end-point
mortality which was reached after one week. The experiments were repeated three times. The LCs,
values with their respective confidence limits were calculated at end-point mortality by using Probit
analysis.m] Two LCsq values were considered different when their 95% confidence limits were not
overlapped. Probit analyses were performed in SPSS 19.0 for Windows 7 25.

Contact assays

The contact effect of the essential oil and its compound 1 was evaluated against adults of C. maculatus,
T. castaneum and S. oryzae as described by Guo et al.’**! Range-finding studies were run to determine
the appropriate testing concentrations. Aliquots of 0.5 pL of the oil from L. maritima diluted with
acetone at five different concentrations were applied topically to the dorsal thorax of each adult insect.
Ten insects were included per replicate, and five replicates were performed per dose. The negative
control consisted in acetone applied instead of the oil or compound 1 whereas pyrethrum extract
purchased in Sigma-Aldrich (China) was included as positive control. Both treated and control insects
were then transferred to glass vials (10 insects per vial) and kept in the incubator. Insect mortality was
checked after 24 h, and the LDs, values were calculated using Probit analysis.[zl] LDs, values were
considered different each other when their 95% confidence limits were not overlapped. Probit analyses
were performed in SPSS 19.0 for Windows 7 25.

Repellent assays

The repellent effect of the essential oil and trans-3-pentenenitrile was evaluated against T. castaneum,
C. maculatus and S. oryzae in Petri dish assays.'”*! Nine cm diameter Petri dishes were used to confine
beetles during the experiment. The oil and compound 1 were diluted in acetone to the concentrations of
0.05,0.10, 0.15, and 0.20 nL/cm?. Acetone was used as negative control. N,N-diethyl-3-methylbenzamide
(DEET) provided by the National Center of Pesticide Standards (China) was tested as a positive control
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at the same concentrations indicated for the oil and compound 1. Filter paper with 9 cm in diameter was
cut in half and 500 pL of each concentration was applied separately to half of the filter paper as uniformly
as possible with a micropipette. The other half served as control and was treated with 500 pL of acetone.
The treated and control half discs were left to air dry for 1 min to evaporate the solvent completely. Then,
both halfs were pasted with solid glue in a same Petri dish. Twenty insects were released in the center of
each remade filter paper disk, and a cover was placed over each Petri dish. Five replicates were used, and
the experiment was repeated three times. Counts of the insects present on each half were made after 2 h.
The percent repellency (PR) for each treatment was then calculated using the formula:

PR(%) = (NcN), (NeNy)x100

where Nc is the number of insects present in the negative control half and Nt is the number of insects
present in the treated half. The data of percent repellency were subjected to an arcsine square-root
transformation and then to one way analysis of variance (ANOVA). The differences among means
were evaluated with the Tukey’s HSD test. These analyses were performed in SPSS statistics 20 for
Windows 2007.

Results and discussion
Chemical composition of the essential oil

The whole aerial parts of L. maritima yielded 1.27% (v/w) of a pale yellow oil with a pungent odor. The
GC-MS analysis identified 41 compounds accounting for 97.1% of the total oil composition (Table 1;
Figure 1). The oil was constituted in an 86.9% by glucosinolate-thermal degradation products which
are usually released into the essential oils of Brassicaceae plants.**! The glucosinolates are constitutive
defense compounds widely distributed in the Brassicaceae family. They are degraded to release volatile
derivatives such as nitriles and isothyocianates when plant tissues are wounded.!" In the L. maritima
oil, these derivatives were mainly azeleonitrile (39.7%) and trans-3-pentenenitrile (36.3%), followed by
the 4-isothiocyanato-1-butene (10.9%) that likely contributed to strong smell. These results agree with
previous reports showing that thermal degradation of glucosinolates is dominated by the release of
nitriles over that of isothiocyanates.[25 I There is only one report depicting the composition of
a L. maritima oil extracted from aerial parts collected in Tunisia.!"® This oil showed a composition
mainly dominated by oxygenated monoterpenes (74.4%) with linalool (22.4%) as the main constituent
and shared only 13% of its compounds with those of the oil reported in this work. The essential oils
and the volatile fraction of other extracts obtained from Brassicaceae species often contain nitriles and/
or isothiocyanates derived from glucosinolate breakdown, although their contents can strongly vary
according to climatic conditions, soil and changes in the extraction procedures. For example, azeleo-
nitrile was in the volatile fraction of an aqueous root extract from Armoracia rusticana®® 4-isothio-
cyanate belonged to the volatile fraction of an aqueous sprout extract from Brassica oleracea and the
essential oil from flowering aerial parts of Morettia phillaeana.””**! However, the absence of gluco-
sinolate derivatives in the Tunisian L. maritima suggests that they were lost during drying of the plant
material or there are L. maritima genotypes that are poor glucosinolate producers.

Identification of compound 1

Compound 1 was obtained as an amber liquid with molecular weight of 81 and the formula CsH; N. It
was trans-3-pentenenitrile with a high degree of purity. The relative intensities of the fragment ions
(m/z) observed in the EI-MS were 81(45), 80(19), 66(12), 53(29), 54(100), 41(84), 39(54), 27(21)
(Figure 2).1819 The NMR analysis confirmed this identity. ! H-NMR (CDCl;, 400 MHz) & (ppm):
5.83 (1 H, m, H-2), 5.38 (1 H, m, H-1), 3.09 (2 H, d, 4, H-4), 1.73 (3 H, d, 4, H-5). '* C-NMR (CDCl,,
400 MHz) & (ppm): 130.87 (C-1), 118.58 (C-2), 117.96 (C-3), 20.36 (C-4), 17.60(C-5).1'®]
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Table 1. Constituents of the essential oil extracted from aerial parts of L. maritima.

Relative
No. Retention index® Compound name content
1 993 trans-3-Pentenenitrile 36.3
2 1009 Hexanal 0.1
3 1034 Furfural 0.1
4 1046 2E-hexenal tr°
5 1050 Ethyl benzene 0.4
6 1054 5-Hexenenitrile 37
7 1075 Heptanal tr
8 1086 Diethyl disulfide tr
9 1092 a-Pinene tr
10 1099 5-Methylhexanonitrile tr
11 1109 2-Heptenal, (2)- tr
12 1112 Benzaldehyde 0.2
13 1121 Dimethyl trisulfide tr
14 1130 6-Cyano-1-hexene 0.2
15 1139 4-Isothiocyanato-1-butene 10.9
16 1151 Octanal 0.1
17 1159 (2E,4E)-Hepta-2,4-dienal tr
18 1166 2-Acetylthiazole tr
19 1173 D-Limonene tr
20 1175 Eucalyptol 0.1
21 1186 Benzene acetaldehyde 0.6
22 1205 Acetophenone 0.1
23 1209 cis-Linalol oxide tr
24 1219 Isothiocyanatocyclopentane 0.4
25 1231 Undecane 0.1
26 1236 Nonanal 0.1
27 1255 2-Phenylethanol 0.3
28 1268 Benzyl cyanide 0.4
29 1310 Dodecane 0.1
30 1317 Erucinnitrile 0.3
31 1331 Dimethyl tetrasulfide 0.1
32 1408 2-Methoxy-4-vinylphenol 1.0
33 1446 4-Methyl isopulegone 0.3
34 1469 Dolichodial (6 Cl) 0.3
35 1502 Azeleonitrile 39.7
36 1515 6-Cyanoquinoline 0.1
37 1612 Spathulenol 0.2
38 1648 Cubenol 0.1
39 1659 T-Muurolol 0.4
40 1664 1,6-Diisothiocyanato hexane 0.1
41 1668 nCadinol 0.4
Total 97.1
“Retention index relative to n-alkanes on HP-5 MS capillary column.
Ptraces

Fumigant effect of the essential oil and trans-3-pentenenitrile

L. maritima oil and trans-3-pentenenitrile were tested in fumigant assays against C. maculatus,
S. oryzae and T. castaneum. The LCs, values obtained after a week for the oil together with those of
trans-3-pentenenitrile recovered in the bioassay guided isolation are shown in Table 2. Adults of
C. maculatus were very sensitive (LCso = 7.48 pL/L) to the essential oil of L. maritima which had
a moderate effect on S. oryzae (LCso = 35.37 uL/L) and T. castaneum (LCsq = 59.94 pL/L). The
sensitivity of C. maculatus to the oil was also evident if we consider that all its adults were dead at
a concentration of 20 uL/L while those of S. oryzae and T. castaneum needed 100 pL/L. The three insect
pests were similarly susceptible to trans-3-pentenenitrile with LCs, values of 6.62-8.36 uL/L and 100%
mortality after exposure at 20 pL/L. trans-3-pentenenitrile was 5.0 and 7.0 folds more active on
S. oryzae and T. castaneum, respectively, than the essential oil whereas C. maculatus was equally
sensitive to the oil and trans-3-pentenenitrile. This situation suggests that trans-3-pentenenitrile
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Figure 1. GC-MS chromatograms of the essential oil from aerial parts of L. maritima. The chemical structure of the main constituents
is also presented.
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Figure 2. EI-MS spectrum of trans-3-pentenenitrile.

strongly contributed to the fumigant effect of the oil against S. oryzae and T. castaneum, and also that
other oil constituents participated in the fumigant effect against C. maculatum. Both trans-3-pente-
nenitrile and the oil were several order of magnitude less active than dichlorvos on the three insect
pests. However, the LCs, values of present work and other previously reported for essential oils and
their constituents allow to conclude that the L. maritima oil showed a moderate fumigant effect on
S. oryzae and T. castaneum, and a strong effect on C. maculatus whereas trans-3-pentenenitrile was
a strong fumigant on the three insect storage species.'*’’

Contact assays

The contact assays showed that neither the essential oil nor the trans-3-pentenenitrile exhibited
a species dependent activity on the insect-stored pests (Table 3). The LDs, values obtained for the
essential oil (LDs, = 5.41-7.81 pg/adult) were not significantly different from those recorded for trans-
3-pentenenitrile (LD5, = 4.84-6.62 pg/adult). The contact effect was strong when compared with data
reported for other essential oils and oil constituents tested against insect pests of stored grains. For
example, the contact activities of Juniperus formosana oil and its constituent 4-terpineol against
T. castaneum were moderate (LDsy = 29.14 pg/adult) and strong (LDs, = 7.65 pg/adult),
respectively.??! The scent of Ostericum sieboldii had a strong effect on S. zeamais (13.82 pg/adult)
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Table 3. Contact effect of the essential oil from L. maritima and its constituent trans-3-pentenitrile against adults of C. maculatus,
S. oryzae and T. castaneum.

LDso
(ng/insect)? Standard Error Chi square (x2)

Callosobruchus Essential oil 5.41 (3.79-7.49) 0.18 8.261
maculatus trans-3-pentenenitrile 4.84 (4.30-5.43) 0.18 5.069
Pyrethrum extract 0.71 (0.58-0.78) 0.15 6.021

Sitophilus Essential oil 6.23 (5.50-7.04) 0.18 1.809
oryzae trans-3-pentenenitrile 5.47 (4.85-6.15) 0.18 4310
Pyrethrum extract 1.81 (1.56-1.38) 0.17 4.601

Tribolium Essential oil 7.81 (6.94-8.78) 0.19 0.672
castaneum trans-3-pentenenitrile 6.62 (5.86-7.46) 0.17 0.186
Pyrethrum extract 0.45 (0.32-0.54) 0.17 0.235

*Upper and lower limits of the confident interval of the 95% are indicated between parenthesis.

and T. castaneum (8.47 pg/adult).®®) However, the contact insecticidal effect of both the L. maritima
oil and trans-3-pentenenitrile was lower than that observed for the pyrethrum extract on the pest
insects.l®"] The equal toxicity between the oil and trans-3-pentenenitrile suggests that oil constituents
other than trans-3-pentenenitrile such as 4-isothiocyanate-1-butene and azeleonitrile contribute very
little to the insecticidal contact effect. Aliphatic isothiocyanates were reported with contact insecticidal
effect which was attributed to the ability of these compounds to react with the amino protein groups
and to cleave disulfide bonds.”*? The toxicity of nitriles and isothiocyanates has been associated to the
release of cyanide acid during their metabolization in the insect midgut."*

Repellency assays

The repellent activity is a sublethal desirable effect that deters insects from feeding food products.’**

However, essential oil or its constituents showing a strong contact and/or fumigant effect not always
have a relevant repellent activity. In this research, all the adults of C. maculatum and S. oryzae were
repelled at concentrations higher than 0.05 and 0.1 nL/cm?, respectively (Table 4). This repellent effect
was similar to that observed for N,N-diethyl-m-toluamide (DEET) which was tested as reference
compound. Tribolium castaneum was more tolerant to both the scent and DEET with 7% and 40% of
the adult insects not repelled, respectively yet at the concentration of 0.20 nL/cm”. The trans-3-pente-
nenitrile showed 100% repellency against C. maculatus and S. oryzae at concentrations equal or higher
than 0.05 and 0.15 nL/cm?, respectively, whereas T. castaneum required 0.20 nL/cm”. These concentra-
tions indicate a strong repellent effect if we compared them with those reported for other oils or oil

Table 4. Percent repellencies generated by the essential oil of L. maritima and the trans-3-pentenenitrile after an exposure of 2 h on
C. maculatus, S. oryzae and T. castaneum.

Repellency percentage'?

Concentration

(nL/L) Essential oil trans-3-pentenenitrile DEET
Callosobruchus maculatus 0.05 91 + 2a 100d 100d
0.10 100d 100d 100d
0.15 100d 100d 100d
0.20 100d 100d 100d
Sitophilus oryzae 0.05 78 £ 3a 87 + 6a 60 + 4b
0.10 87 *+ 4a 98 + 5b 94 + 2b
0.15 100d 100d 100d
0.20 100d 100d 100d
Tribolium castaneum 0.05 38 +2a 54 + 4b 10+2c
0.10 52 +4a 71 £ 5b 21+3 ¢
0.15 80 + 2a 90 + 4a 44 + 4b
0.20 93 +3a 100d 60 + 2b

'Different letters in a same row indicate significant differences (p < 0.05, Tukey’s HSD test).
2percentages are presented as mean + standard deviation



INTERNATIONAL JOURNAL OF FOOD PROPERTIES 1133

constituents applied against insect-stored pests. For example, the oil of Clausena anisum-olens and its
constituents myristicin (a phenylpropanoid) and p-cymene-8-ol (an oxygenated monoterpene) showed
more than 90% of repellency when applied on adults of the Liposcelis bostrychophila adults at
concentrations of 39.32, 6.32 and 1.22 nL/cm?, respectively.”>* The repellent activity of essential oils
have been often associated to constituents belonging to the phenylpropanoids and oxygenated terpenes
with sesquiterpenoid, diterpenoid and monoterpenoid structures.®® To the best of our knowledge, this
is the first report on the repellent activity of the oil of L. maritima and trans-3-pentenenitrile.

Conclusion

This paper reported for the first time the contact, fumigant and repellent effects of the essential oil
from aerial parts of L. maritima against three insect pests of stored grains. The fumigant effect of the
oil was strong on C. maculatum and moderate on S. oryzae and T. castaneum while trans-3-pentene-
nitrile showed strong fumigant effect on the three pest species. Both the oil and trans-3-pentenenitrile
showed strong contact effect. The oil showed 100% of repellency on C. maculatus and S. oryzae at
concentrations higher than 0.05 and 0.1 nL/cm?, respectively, and 93% against T. castaneum yet at
0.2 nL/cm?. trans-3-pentenenitrile also showed 100% repellency against C. maculatus (= 0.05 nL/cm?),
S. oryzae (2 0.15 nL/cm?) and T. castaneum (0.2 nL/cm?). The findings reported in this work indicate
that the oil of L. maritima is a source of trans-3-pentenenitrile which has potential to be used in the
control of C. maculatum, S. oryzae and T. castaneum in stored food products.
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