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citral in the oil.

INTRODUCTION

Plants, like herb, play a vital role in the daily life of human
due to high economic and medicinal value which are mainly
applied in food industry, cosmetics and folk medicine [1-6].
Citrus aurantifolia L., is a small citrus fruit that belongs to the
family Rutaceae which cultivated mainly in tropical and sub-
tropical countries. There are different secondary plant meta-
bolites in Citrus aurantifolia L. plants including terpenoids,
flavonoids and coumarins. Moreover, lemon has various bioactive
components such as flavonoids, minerals, ascorbic acid, citric
acid, etc. [7-10]. Essential oils can be obtained from roots,
stems, leaves and flowers of the plant which is applied for
different applications such as pathogen inhibition, insect control
and aromatherapy. The previous study demonstrates that aromatic
and medicinal plants have antibacterial, anti-inflammatory,
antiviral, antioxidant activities. Several chemical molecules
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of biosynthesis constitute essential oils [11-15]. These mole-
cules are different according to the nature of the plant and the
ground in which the plant is growing, the period of harvest,
the studied part of the plant, the preparation of the sample, as
well as the method of extraction [16-20].

Citrus essential oils consisted a complex mixture of 400
constituents (15 % non-volatile components and 86-99 %
volatile) [21,22]. Essential oils have volatile properties at room
temperature without decomposition including hydrocarbons,
flavonoids, fatty acids, coumarins, waxes, carotenoids and
psoralens. The previous research illustrates that the main comp-
onent in Citrus essential oil was 0-pinene, limonene, p-cymene,
and other aromatic compounds [23-25]. Japanese lemon leaf
oil consisted of geranial as the main component, followed by
limonene and neral [26]. It was reported that caryophyllene
was the main component in Egyptian lemon leaf oil, followed
by linalool, nerol and limonene [27]. While, Italian, Turkish
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and Chinese lemon leaf oils included limonene, followed by
B-pinene and geranial [28,29]. Moreover, the antioxidant
potentials and antimicrobial of lemon leaf essential oil have
been previously described [30,31]. Although it is known that
limonene is often the main constituents in lemon leaf oils, the
composition of essential oils are variable by different localities.
Itis also reported that genetic, environmental and experimental
factors could both qualitatively and quantitatively influence
the distilled essential oil [32]. However, studies on chemical
composition and antibacterial activities of essential oil derived
from Lemon (Citrus aurantifolia L.) leaves have been lacking.
As an attempt to fill this gap, the present study aims to determine
the volatile constituents of essential oils from the leaf of lemon
cultivated in Vietnam using GC-MS. Furthermore, antibacterial
activities of essential oils against Gram-negative and two
Gram-positive bacteria including Staphylococcus aureus, Esche-
richia coli, Pseudomonas aeruginosa and Bacillus cereus are
investigated.

EXPERIMENTAL

Plant samples: Lemon (Citrus aurantifolia) leaves were
collected in March 2019 from Tien Giang Province, Vietnam.
After transportation to the laboratory, lemon leaves are gingerly
picked, washed, ground by grinding equipment (Sunhouse
SHD4322, 200W, Vietnam) and distilled directly by steam.

Through the experimental process, the extraction oil was
obtained by microwave-assisted extraction (3 mL/g of water
and material ratio, 500 W of microwave power and 807 min of
extraction time) with the extraction yield 0.762 %.

GC-MS analysis: The composition of the essential oils
of all samples was determined via gas chromatography-mass
spectrometry (GC-MS). First, 25 uL of sample of essential oil
was mixed in 1.0 mL of n-hexane. The instrument is GC Agilent
6890N, coupled with MS 5973 inert with HP5-MS column
and head column pressure of 9.3 psi. GC-MS system was perf-
ormed following conditions: carrier gas He; flow rate 1.0 mL/
min; split 1:100; injection volume 1.0 pL; injection temperature
250 °C; oven temperature progress included an initial hold at
50 °C for 2 min, then increased by 2 °C/min to 80 °C and incre-
ased by 5 °C/min to 150 °C, continue rising to 200 °C at 10 °C/
min and rise to 300 °C at 20 °C/min for 5 min.

Anti-bacterial activity: Two Gram-positive bacteria species
including Staphylococcus aureus and Bacillus cereus and two
Gram-negative species including Pseudomonas aeruginosa and
Escherichia coli are used in this study. The agar-well diffusion
assays evaluated antibacterial activity. First, the agar plates
were prepared with 10 mL of lysogeny broth (LB) solution.
Following that 3 mL of liquid cultures were incubated at 37
°C with aeration (150 rpm) overnight on LB. Second, 5 mm
wells are cut into the surface of LB agar, and the wells were
loaded with 20 uL of essential oils which was incubated at 37
°C overnight. Finally, electronic calipers were used to measure
the diameters of any clear zones around the antibacterial cont-
aining wells. The inhibition zone (IZ) is determined as the ratio
between the halo diameter (mm) and the size of disk (5 mm).
In this case, amoxicillin (100 pg/mL) and sterile water act as
the positive and negative control, respectively.

RESULTS AND DISCUSSION

Chemical composition of the essential oil from Lemon
(Citrus aurantifolia 1.) leaves: Fig. 1 shows the result of chro-
matography of lemon leaves essential oil and Table-1 illus-
trates the chemical composition of the obtained oil. Overall, 9
components were identified in the Vietnamese lemon leaves
oils. The major components were o-pinene (27.982 %) and [3-
citral (20.06%). Previous studies showed that oi-citral, B-citral
might modulate inflammatory processes and DNA damage
[33,34], which is followed by D-limonene, acetic acid, nerol,
nerol acetate, citronellol and caryophyllene oxide at 15.73,
6.36,4.41,3.49,2.193 and 2.01 %, respectively. Besides geogra-
phical location differences, the season of harvest and plant
age, the abundance of citral constituent could be due to the infl-
uence of microwave irradiation, which causes oxygen containing
polar molecules, such as water and citral molecules, to spin
rapidly.
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Fig. 1. GC-MS chromatogram of essential oil

TABLE-1
RESULTS OF GC-MS ANALYSIS OF
INGREDIENTS IN LEMON LEAVES OIL

Retention time (min) Constituent Percent
12.090 D-Limonene 15.732
12.072 Unknown* 0.381
16.369 Linalol 1.386
19.423 Citronellal 1.141
22.832 Nerol 4411
22.863 Citronellol 2.193
23.344 B-Citral 20.059
23.919 Unknown* 9.428
24.515 o-Citral 27.982
24.724 Unknown* 1.169
24.902 Unknown8 1.066
27.590 Nerol acetate 3.494
28.196 Acetic acid 6.356
29.189 Caryophyllene 0.552
33.310 Unknown* 0.464
33.341 Caryophyllene oxide 2.008
34.198 Ent-Spathulenol 0.973
39.374 Unknown* 1.202

*No components identified
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Antibacterial activities of the essential oil from Lemon
(Citrus aurantifolia L.) leaves: Table-2 presented the results
of antibacterial properties of lemon leaves oil on the four tested
bacteria species. The antibacterial activities of the essential
oil on bacterial strains in ascending order include S. aureus <
E. coli < P. aeruginosa < B. cereus with the respective diameter
sizeof 11.33 £2.08, 13.67 £2.52, 14 +2.65 and 42 = 2.65 mm.
The main ingredients found in the obtained oil include ci-citral
(27.982 %) and B-citral (20.059 %), which are essential ingre-
dients with high antibacterial properties against microorganisms.

TABLE-2
RESULTS OF THE ANTIBACTERIAL PROPERTIES OF THE
ESSENTIAL OIL EXTRACTED FROM LEMON LEAVES OIL

Test bacterial Antibacterial diameter (mm)
Pseudomonas aeruginosa 14.00 + 2.65
Escherichia coli 13.67 £2.52
Staphylococcus aureus 11.33 £2.08
Bacillus cereus 42.00 £ 2.65

Conclusion

In this research, fresh lemon (Citrus aurantifolia) leaves
were used as materials for extraction of essential oil using micro-
wave assisted hydrodistillation method. In addition, chemical
compositions and the antibacterial activities of the produced
essential oil were assessed. GC-MS analyzed the chemical
compositions of essential oil in lemon leaves showing that o.-
citral (27.982 %), B-citral (20.06 %), D-limonene (15.73 %),
acetic acid (6.36%), nerol (4.41%), nerol acetate (3.49 %),
citronellol (2.193 %) and caryophyllene oxide (2.01 %) are
the major constituents in the lemon leaves oil. Besides, essential
oils extracted from the lemon leaves are resistant to the strain
Bacillus cereus with a diameter of 42 mm.
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