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ABSTRACT

This research aimed to investigate the potential of lemongrass (Cymbopogon citratus) leaf agricultural by-products
as a source of essential oil, and evaluate the antioxidant and antibacterial activities. In this context, the material
used was subjected to microwave pre-treatment to enhance the yield. Lemongrass leaf was often discarded
as an agricultural by-product. The utilization was examined through different drying methods, including fresh,
wilted, and dried treatments. Lemongrass leaf was also treated with microwave (+MV) and non-microwave (-MV)
pre-treatments. The essential oils were analysed for physicochemical properties. The chemical composition was
determined through gas chromatography-mass spectrometry (GC-MS), and the tissue microstructure was observed
by SEM. Antioxidant activity was measured with the DPPH (1,1-diphenyl-2-picrylhydrazyl) assay, while MIC and
MBC values were assessed using the microdilution method. The results showed that the distillation of dried leaf
with microwave pre-treatment provided the highest oil yield of 0.20%. SEM analysis showed that drying and
microwave pre-treatment altered the leaf microstructure, enhanced glandular trichomes, and improved extraction
efficiency. The physicochemical properties included a bright yellow colour, a fresh citrus aroma, a specific gravity
of 0.971 g/mlL, a refractive index of 1.486, and a solubility ratio of 1:3 in alcohol. The main components were citral
(geranial (44.07—46.81%), neral (35.64 — 36.60%)), geranyl acetate (2.03-5.66%), isogeranial (1.61-2.57%),
isoneral (0.96-1.76%), B-pinene (0.16-3.63%). Lemongrass leaf oil exhibited strong antioxidant activity with
an IC,, of 61.65 to 84.5 pg/mL, antibacterial activity against E. coli and S. aureus with MIC of 0.3-1.3% and
0.3-1.8%, as well as an identical MBC value of 0.5-2% for both bacteria. This research showed that essential oil
extraction increased the value of lemongrass leaf by-products.
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INTRODUCTION

Lemongrass (Cymbopogon citratus) is a widely
cultivated species for spice and essential oil production.
As reported by the BPS (Indonesian Central Statistics
Agency), the production in Indonesia reached 36,422
tons in 2021. As a consequence of the considerable
potential in a number of industrial sectors, the cultivation
of lemongrass has become a rapidly expanding
economic activity (Mukarram et al., 2021). However, the
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concomitant increase in production leads to concerns
regarding the management of the organic by-product.
The stalk is the only component used as a spice, and
the leaf is discarded as an organic by-product. This
necessitates the management of the lemongrass leaf
and the conversion into high-value products, such as
essential oils.

The aroma of cut lemongrass leaf is similar to the
stalk, where there is a potential source for essential
oil extraction. Yen and Lin (2017) on the extraction of
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lemongrass leaf oil through Clevenger hydrodistillation
obtained a result of 1.30%. The yield of essential oil
from lemongrass stalks ranges from 1.50% to 2.54%.
This shows that the yield from the leaf is not significantly
different from the stalk (Naik et al., 2010). Therefore,
lemongrass leaf has the potential to be used as a raw
material for essential oil production.

The post-harvest handling of plants represents a
significant factor influencing the quality of essential oils.
Different plant parts necessitate particular treatments,
for instance, thinner materials require withering, thicker
types are subject to drying and reduction in size, and
volatile materials are extracted fresh (Akhihiero et al.,
2013). The yield and quality of essential oils are greatly
influenced by the condition and size of the material
(Lubis et al., 2022). Mulyati et al. (2023) reported that
water and steam distillation for a period of 5 hours
obtained the highest quantity of essential oil from fresh
holy basil (0.62%), in comparison to withered (0.5%)
and dried leaf (0.32%).

Hydrodistillation represents a common method
in the process of extracting essential oils from plant
materials. The process is relatively straightforward but
has drawbacks, including lengthy processing times,

prolonged distillation durations, and high energy
consumption (Nour et al., 2024). An alternative
methodology for reducing the time required for the
distillation process is to combine hydrodistillation
with microwave pre-treatment. Microwave radiation
disrupts cell membranes and increases porosity,
facilitating the release of essential oils. Radzi and Kasim
(2020) reported that pre-treatment of materials with
microwave irradiation at 800 kW significantly improved
the efficiency of agarwood essential oil extraction. This
method reduces the time required for hydrodistillation,
while simultaneously decreasing energy consumption
and costs. The yield (from 0.0286% without pre-
treatment to 0.0877%) and the quality of the essential
oil extracted have also been increased.

Based on the description, this research aims
to evaluate the effect of drying and microwave pre-
treatment on lemongrass leaf before distillation
to enhance essential oil extraction efficiency. The
essential oil was isolated from lemongrass leaf using
water distillation, with the raw materials subjected to
drying and microwave pre-treatment. The essential oil
was subjected to analysis to determine the compound
profile, physicochemical properties, antioxidant activity,
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Figure 1. Lemongrass leaf parts that were used in this research
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and antibacterial properties. The results offer valuable
perspectives for future research focused on the
sustainable use of plant by-products.

METHODS

Materials

The materials used comprised lemongrass leaf
(Cymbopogon citratus) (Fig. 1) procured from a
Women'’s Farmers Group in the Godean, Sleman District,
Yogyakarta Special Province, Indonesia. The leaf parts
included the base to the tip of the leaf blade and were
harvested on the same day as the treatment, with the
plants ranging in height from 30 to 60 cm. Distillation
used tap water as a solvent, and the chemicals
adopted included sodium sulphate (Na,SO,), toluene
(PA), methanol (PA), alcohol, sodium chloride (NaCl),
dimethyl sulfoxide (DMSO), Mueller-Hinton agar (MHA),
Mueller-Hinton broth (MHB) from Merck (Germany),
and DPPH (Sigma, USA).

Pretreatment and Essential Oil Extraction

A total of 6 kg of fresh lemongrass (Cymbopogon
citratus) leaves were sorted and weighed. The fresh,
wilted (air-dried at 29-31°C for 48 hours), and dried
leaf (cabinet-dried at 50°C for 5 hours) were subjected
to different treatments. Each sample was chopped
into pieces of approximately 3 cm in length. Before
distillation, each sample was subjected to a preliminary
treatment, namely, heating using a microwave
(Electrolux, Sweden) at 450 watts for a period of five
minutes. This was carried out in two different modes
with (+MV) and without microwave (-MV). The essential
oil was extracted using a 2 kg Clevenger water distillation
apparatus for a period of 4 hours, commencing from the
appearance of the first oil droplets. The resulting hot
vapour was condensed and collected, and the remaining
water was desiccated using anhydrous sodium sulphate.
The extracted oil was stored at 4°C for subsequent
analysis, and the yield calculation followed the formula
outlined in equation (1).

0il weight (g)

Yield (% g/g) = Material weight (g)

x 100 (1)

Scanning Electron Microscopy (SEM)

Scanning electron microscopy (SEM JEOL JSM-
IT700HR, Japan) was used to analyse the microstructure
of lemongrass leaf at the Integrated Research and
Testing Laboratory, Universitas Gadjah Mada. The
lemongrass samples were placed on aluminium stubs
and gold-coated. The SEM settings were configured with

an increasing voltage of 5 kV and Secondary Electron
(SE) mode. The leaf tissue structures were observed at
magnification levels of x100, x200, x300, and x1000.

Physicochemical Properties of Essential Oil

The essential oils’ physical properties, such as
colour, aroma, specific gravity, refractive index, and
alcohol solubility, were evaluated. Colour, aroma, and
alcohol solubility were measured manually by direct
observation. Specific gravity was determined using a
pycnometer (Pyrex, US), while the refractive index was
measured with an Abbe refractometer (Atago, Japan).
Furthermore, the testing was conducted in accordance
with the Indonesian National Standard 8835:2019
(SNI, 2019).

Chemical Composition Identification

The GC-MS (Shimadzu QP 20110S, Japan) was
performed at the Integrated Research and Testing
Laboratory, Universitas Gadjah Mada. The GC-MS system
used an HP-5MS column (30 meters in length, 0.25 mm
ID). A 0.2 mL sample of essential oil was dissolved in
1 mL of ethanol in a GC vial and vortexed to achieve a
uniform solution. The analysis was conducted with an
injector temperature of 300°C, a column temperature of
60°C, helium as the carrier gas, a pressure flow control
mode set at 12 kPa, a total flow of 25 mL/min, a column
flow of 0.51 mL/min, a linear acceleration of 26 cm/s2,
a cleaning flow of 3.0 mL/min, and a split ratio of 42. An
Agilent DB-1 column (30 m length, 0.25 mm diameter)
was used with Electron Impact (EI) ionization at 70 eV.

DPPH Radical Scavenging Assay

The assessment of antioxidant activity followed
the method described by Mulyati et al. (2023). Essential
oils were prepared in concentrations ranging from 25
to 500 ppm, with 1 mL added to 3 mL of a 40 ppm
DPPH methanolic solution. After vortexing, the sample
was incubated in the dark at room temperature for
30 minutes. A UV-Vis spectrophotometer was used to
measure absorbance (Thermo Scientific, US) at 515 nm.
Methanol and ascorbic acid were adopted as a blank
and positive control, respectively. The inhibition level
was calculated using equation 2.

a1
%Inhibition DPPH radical activity = “-2- x 100%  (2)

Antibacterial Activity

The minimum inhibitory concentration (MIC)
was assessed using a 96-well microplate microdilution
method. Essential oils were dissolved in 20% DMSO
to achieve the specified concentration (0.0625-3%).
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Each well contained a total reaction volume of 200
WL, comprising 25 pL of Escherichia coli FNCC 0091 or
Staphylococcus aureus ATCC 25923 inoculum at 1.5
x 108 CFU/mL, 105 pL of MHB, and 70 pL at different
concentrations. The plates were incubated at 37 °C for
24 hours, and chloramphenicol (100 ppm) was used as
the positive control. Turbidity was quantified at 630 nm
using a microplate reader (Accuris, US), and the minimum
bactericidal concentration (MBC) was determined. A 100
WL aliquot from each MIC well was transferred onto MHA
plates and incubated at 37 °C for 24 hours to determine
the MBC (M’hamdi et al., 2024; Scotti et al., 2021).

Data Analysis

All the experiments were conducted in triplicate,
and the data tests were analyzed using Two-way
Analysis of Variance (ANOVA) with IBM SPSS Statistics

software version 20 (IBM Corp, USA). Values of p<0.05
were considered to show a significant difference.

RESULTS AND DISCUSSION

Microstructure of Lemongrass Leaf Tissue

Lemongrass leaf essential oil is located in glandular
trichomes (GT) (Mirzaie et al., 2020). Figure 2 shows
lemongrass leaf glandular trichomes distributed across
the abaxial (lower) surface of the leaf in proximity to
the stomata. Batool et al. (2024) stated that glandular
trichomes were predominantly found on the surface.
The abaxial side, shielded from direct sunlight and
characterised by higher humidity than the adaxial
(upper) surface, provides an optimal environment for
essential oil storage (Gostin & Blidar, 2024).

Figure 2. Abaxial microstructure of Cymbopogon citratus leaf (a) fresh, (b) withered, (c) dried, and (d) the
glandular trichomes of lemongrass leaf. Scale bars (a, b, ¢) = 50 pm, (d)=10 pm
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(b)

Figure 3. The condition of the glandular trichomes on the fresh leaf before microwave treatment (a) and
following microwave pre-treatment (b). Scale bars (a,b,c)=50 pm

Lemongrass leaves exhibit the presence of non-
glandular trichomes (NGT) distinguished by elongated
and slender morphology when compared to the glandular
types. NGT on lemongrass leaf are arranged in a regular
row pattern, following the furrows or veins, with an orderly
distribution across the surface (Fig. 2). These trichomes
lack essential oils but fulfil a protective mechanical function
and assist in reducing evaporation (Gostin & Blidar, 2024).

The glandular trichomes in fresh lemongrass leaf
remain intact, with essential oil content preserved (Fig.
2a). In fresh leaf, high water content preserves tissue
integrity, maintaining the physical structure in the natural
form (Wagner et al., 2004). The moisture content of the
leaf tissue facilitates the retention of structural integrity
to maintain the regular arrangement of NGT at intervals
exceeding 50 um (Fig. 2a).

In a wilted leaf, reduced water content results in
alterations to the structure of plant tissue. The NGT
remain in neat rows at the natural spacing (>50 pm).
In other areas, the spacing between the rows is reduced
due to shrinkage, with the trichomes becoming closer
(<50 pm). In dried leaf, water loss causes the tissue to
contract and the leaf structure to tighten, which brings
the NGT closer (<50 pm). However, glandular trichomes
remain intact in wilted and dried leaves, with the essential
oil content preserved (Fig. 2b, 2c). These observations
show the impact of water content on leaf microstructure.
The processes of withering and drying result in alterations
to leaf tissue, but glandular trichomes remain intact,
preserving the essential oil content (Iriti et al., 2006;
Wagner et al., 2004).

Figure 3a shows that before microwave treatment,
glandular trichomes exhibit a mean diameter of

approximately 20 pm. However, a reduction in size
to less than 20 um is observed (Fig. 3b) due to the
release of essential oils. Microwave radiation produces
electromagnetic waves for inducing the rapid vibration
of water molecules in the leaf tissue and trichomes.
These vibrations lead to intermolecular friction,
generating heat that rapidly elevates the temperature
of the leaf tissue (Iriti et al., 2006). The accumulation
of heat within the trichomes may increase internal
pressure, causing the shrinkage of the trichome walls
and the subsequent release of essential oils (Iriti et al.,
2006; Moradalizadeh et al., 2013). This process shows
that microwave pre-treatment enhances the efficiency
of the distillation process, reducing the time required
and increasing the yield of essential oils.

Drying treatments reduce the water content
of lemongrass leaf and maintain the integrity of the
essential oils within the glandular trichomes (Wagner
et al., 2004). The application of microwave energy
facilitates the release of essential oils from trichomes
(Iriti et al., 2006) to enhance the efficiency of the
distillation process.

Essential Oil Yield

The process of drying is intended to reduce the water
content contained within the leaf. The pre-treatment of
the leaf by microwave irradiation facilitates the disruption
of the cell walls, enabling the more efficient release of
essential oils during the distillation process.

The results showed that the microwave pre-
treatment of lemongrass leaf increased essential oil yield
compared to untreated leaf (p<0.05). Fresh, wilted,
and dried leaf pre-treated with microwave obtained
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Table 1. The yield of lemongrass leaf (Cymbopogon
citratus) essential oil

Drying Yield (%)

Method Without Microwave ~ Microwave
Fresh Leaf 0.16+0.03% 0.18+0.008¢=
Wilted Leaf 0.14+0.04% 0.18+0.028
Dried Leaf 0.17£0.01%a 0.20+0.015

Description: different uppercase letters represent a significant
difference between microwave and without, and identical
lowercase letters represent no significant difference between
drying methods.

1.13, 1.28, and 1.19 times more essential oil (Table
1). Microwave heating uses electromagnetic radiation
to rapidly and uniformly heat the water within the leaf
tissue, leading to the generation of internal pressure
on the cell walls. The pressure exerted on the cells
facilitates the extraction of the essential oils trapped
inside (Fouelefack et al., 2024).

The condition of the plant material exerted no
significant influence on essential oil yield (p>0.05). The
results showed that dried leaf produced the highest
essential oil yields (0.17% and 0.20%), followed by fresh
and withered leaf, respectively. However, statistical
analysis suggested that the difference in yield between
dry, fresh, and wilted leaves was not significant (Table
4.1). These results were consistent with Syarifuddin
et al. (2020), where withering of Eucalyptus grandis
leaf had no significant effect on essential oil yield. This
may be attributed to the distillation process, where the
vapour pressure and heat provided are sufficient to
extract the essential oil from the leaf tissue, without
affecting the results, even though the leaves were
weathered or dried. Therefore, withering or drying does
not lead to a decline of the extractable essential oil.

Physicochemical Properties of Essential Oil

The physicochemical properties of essential oil
were analysed according to the Indonesian National
Standard (SNI) 8835:2019 for Cymbopogon citratus.
This standard was used for comparison purposes due to
the absence of a specific reference point for lemongrass
essential oil derived exclusively from the leaves.

The lemongrass leaf oil exhibited a bright yellow
colour and a fresh citrus aroma, in accordance with SNI
standards (Table 2). The essential oil contains natural
compounds, including citral (geranial and neral), which
contribute to the lemon-like citrus scent. The principal
compounds, citral and citronellal, are also responsible
for the yellow colour (Oniha et al., 2023). In addition
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to the composition of the compounds, the distillation
process and the conditions of the raw material influence
the colour of the essential oil (Cortes-Torres et al.,
2019; Oniha et al., 2023).

Specific gravity is the ratio of the oil's weight to
water when measured at an equal volume. The specific
gravity of lemongrass and Cymbopogon citratus’
essential oil ranges from 0.893 to 0.975 g/mL and 0.869
to 0.907 g/mL, respectively. The occurrence of specific
gravities above the standard may be attributed to the
presence of large molecular weight compounds. The
essential oil of lemongrass leaf contains sesquiterpenes
with a higher specific gravity than monoterpenes (Table
3). The weight fraction is dependent on the length of the
molecular chains present in the compounds. Molecules
comprising a greater number of atoms are typically of a
greater molecular weight.

The refractive index of essential oil ranges from
1.486 to 1.493 in line with the SNI standard of 1.4800
to 1.4930 (Table 2). According to Qorriana et al. (2015),
the refractive index is used as a method of detecting
the presence of water in essential oils. Water has
a refractive index of 1.333, lower than essential oil
(1.4800-1.4930). The addition of water to essential oil
reduces the refractive index due to light refraction to a
greater extent.

Lemongrass leaf essential oil is classified as soluble
in alcohol but insoluble in water. The oil is soluble in
90% alcohol at a ratio of 1:2 to 1:3, in accordance with
the SNI standard, which specifies a ratio less than 1:3
(Table 2). Essential oils with a higher proportion of
polar compounds show enhanced solubility in alcohol.
Lemongrass leaf essential oil contains compounds
primarily composed of oxygenated monoterpenes
and sesquiterpenes (Table 3), which exhibit greater
polarity than non-oxygenated monoterpenes and
sesquiterpenes. The functional groups present in
oxygenated monoterpenes and  sesquiterpenes,
including hydroxyl (-OH), carbonyl (-C=0), and epoxide
(-0-), enable the establishment of hydrogen bonds
with alcohols, increasing the polarity of the molecules
(Cavanagh & Wilkinson, 2002; de Sousa et al., 2023).

The physicochemical properties of the lemongrass
leaf essential oil conform to the Cymbopogon citratus
SNI standard. The characteristics were consistent with
the essential oils derived from all parts of the lemongrass
plant since only the leaves were used.

Chemical Composition of Lemongrass Leaf
Essential Oil

A chemical content analysis was conducted
using GC-MS to characterise the compounds present
in lemongrass leaf essential oil. Dried leaf without
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Table 2. Physical characteristics of lemongrass leaf essential oil

Fresh leaf Wilted leaf Dried leaf EOA Standard
Parameter .
+MV -MV +MV -MV +MV -MV (Cymbopogon citratus)
Colour Bright yellow Bright yellow Bright yellow Bright yellow Bright yellow Bright yellow E?cl)e\zNyrl]ellow to yellowish
Aroma Fresh, citrus Fresh, citrus Fresh, citrus Fresh, citrus Fresh, citrus Fresh, citrus

0.954+0.012%  0.933+0.0628% 0.975+0.064*°
1.488+0.001% 1.493+0.00282 1.490+0.003%
Solubility in alcohol 1:3 1:3 1:2

Specific gravity (g/mL)

Refractive index

0.965+0.012¢8°
1.488+0.003 B2
1:2

0.971+0.104*
1.486+0.002 #2
1:3

0.893+0.1618a
1.494+0.002¢
1:2

0.869-0.907
1.4800-1.4930
1:3

Description: microwave pre-treatment (+MV) and no pre-treatment (-MV). Different uppercase letters represent a significant difference between microwave and non-microwave, and different lowercase

letters represent a significant difference between drying methods.

microwave pre-treatment (-MV) was selected as the control sample. Meanwhile, the
sample with microwave pre-treatment (+MV) was analysed for chemical content.
The GC-MS analysis detected 33, 32, 31, and 34 compounds in fresh leaf +MV,
withered leaf +MV, dried leaf +MV, and dried leaf —-MV, respectively. Table 3 shows
the compounds identified in lemongrass leaf essential oil.

The principal constituents are citral (comprising geranial (44.07—46.81%)
and neral (35.64-36.60%)), geranyl acetate (2.03-5.66%), isogeranial (1.61—
2.57%), isoneral (0.96—1.76%), and B-pinene (0.16-3.63%) (Table 3). Geranial
(trans-citral, citral A) and neral (cis-citral, citral B) are the two isomeric acyclic
monoterpene aldehydes that constitute citral (3,7-dimethyl-2,6-octadienal). From a
chemical perspective, citral is comprised of two aldehydes with the same molecular
formula, C10H160, but distinct structural characteristics (Hartatie et al., 2020). This
is consistent with Yen & Lin (2017), where lemongrass essential oil (Cymbopogon
citratus) is characterised by a high citral content.

Dried leaf without microwave treatment had lower citral content (79.71%)
compared to microwave-treated leaf, including dried (82.09%), withered (81.14%),
and fresh (82.54%) (Table 3). According to Kumar et al. (2015), the application of
microwave radiation facilitates the oxidation of geraniol to geranial and nerol to neral.

Oxygenated monoterpenes constitute the majority of compounds in
lemongrass leaf essential oil, comprising 93.19-96.44%. These include citral
(neral and geranial), geranyl acetate, myroxide, linalool, isogeranial, and isoneral
(Table 3). According to Moradi et al. (2018), the aroma, flavour, and therapeutic
properties of oxygenated compounds serve as key indicators of essential oil quality.
Oxygenated compounds contribute more to the olfactory profile of essential oils
than monoterpene hydrocarbons, conferring a high degree of value. The higher
content in microwave-treated samples suggests an enhanced quality (Moradi et
al., 2018).

The concentration of oxygenated compounds in the dried leaf treated with
microwave pre-treatment was higher (96.44%) compared to those without
microwave treatment (94.19%) (Table 3). Research by Bendahou et al. (2008),
Ferhat et al. (2007), Okoh et al. (2010) showed that microwave treatment typically
enhanced the oxygenated compound content in essential oils. However, Wang et
al. (2006) reported lower oxygenated compound levels in oils obtained through
microwave treatment. This suggests that the oxygenated compound content
of essential oils is more influenced by the plant species than by the extraction
method (Moradi et al., 2018).
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Table 3. Chemical composition of lemongrass leaf essential oil under different treatments

Compound components Dried -MV Dried +MV Wilted +MV Fresh +MV

RT (Min) Area (%) RT (Min) Area (%) RT (Min) Area (%) RT (Min) Area (%)
B-Pinene 7.95 3.63 7.90 0.32 7.95 2.89 7.90 0.16
Citronellal 12.54 0.21 12.54 0.22 12.55 0.22 12.55 0.12
Isoneral 12.91 1.76 12.91 1.47 12.91 1.40 12.90 0.96
Isogeranial 13.44 2.57 13.44 2.34 13.44 2.22 13.43 1.61
Neral (citral b) 15.52 35.64 15.54 36.60 15.55 36.38 15.53 35.73
Geranial (citral a) 16.13 44.07 16.23 45.49 16.15 44.76 16.23 46.81
Geranyl acetate 18.94 5.66 18.94 2.03 18.94 2.08 18.93 4.04
2,6-Octadiene, 1,1-diethoxy- 19.80 2.08 19.81 6.25 19.80 4.43 19.80 4.35
3,7-dimethyl-
Monoterpene hydrocarbons 3.87 1.16 3.60 0.79
Sesquiterpene hydrocarbons 0.06 0.05 0 0
Oxygenated monoterpenes 94.19 96.44 93.19 96.40
Oxygenated sesquiterpenes 041 0.74 0.64 0.89
Aldehydes 0.86 1.08 1.29 0.78
Others 0.61 0.53 1.27 1.15
Identification Total 100.00 100.00 100.00 100.00

Description: microwave pre-treatment (+MV) and no pre-treatment (-MV).

Antioxidant Activity of Lemongrass Leaf Essential Oil

The antioxidant capacity of a given substance is categorised according to
the IC,, value, with the categories of very strong (<50 pg/mL), strong (50-100
Hg/mL), moderate (101-150 pg/mL), and weak (>150 pg/mL) (Saroyo & Arifah,
2021). Lemongrass leaf essential oil exhibits strong antioxidant activity, with IC,;
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values ranging from 61.65 to 84.5 pg/mL (Table 4). This result is consistent with
Lawrence et al. (2015), who reported strong antioxidant activity for lemongrass
essential oil with an IC_; value of 75.83 pg/mL.

Microwave pretreatment of lemongrass leaf significantly increased the
antioxidant activity of essential oil (p < 0.05). This was evidenced by a decline
in IC,, values in microwave-treated lemongrass leaf (61.65 - 70.93 pg/mL) in
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Table 4. IC_, value of lemongrass leaf essential oil

IC,, Value (ug/mL)

Drying Method Antioxidant Activity
Without Microwave Microwave

Fresh Leaf 70.39+1.505% 70.93+1.0158 Strong

Wilted Leaf 84.5+5.3904 70.86+0.9708¢ Strong

Dried Leaf 68.37+1.980% 61.65+0.765¢5 Strong

Ascorbic Acid 10.45+0.025 Very Strong

Description: Different uppercase letters represent a significant difference between microwave and non-
microwave, and different lowercase letters represent a significant difference between drying methods.

comparison to non-microwave treatment (68.37 - 84.5
pg/mL) (Table 4). A positive correlation was observed
between the increase in antioxidant activity and the
content of oxygenated compounds. In this context,
the content of oxygenated compounds is higher in
the microwave-treated leaf (96.44%) than in the non-
treated leaf (94.19%) (Table 3).

The antioxidant activity of the essential oil was
significantly influenced by the initial condition (fresh,
wilted, dried) of the lemongrass leaf (p < 0.05). This is
showed by lower IC, values in fresh (70.39-70.93 pg/
mL) and dried (61.65-68.37 pg/mL) leaf compared to
wilted leaf (70.86—84.5 ug/mL). The discrepancy was
associated with a higher abundance of oxygenated
compounds in the essential oils of dry (97.18%) and
fresh (97.29%) leaf, in comparison to wilted leaf
(93.83%).

Lemongrass leaf essential oil exhibits strong
antioxidant potential, largely attributable to the elevated
concentration of compounds such as neral and geranial.
Citral functions as an antioxidant by scavenging
free radicals and preventing oxidative damage. The
donation of electrons or hydrogen atoms (H*) by the
essential oil enables the neutralisation of DPPH free
radicals, leading to the stabilisation of radicals as
DPPH-H (Lawrence et al., 2015). This reaction results
in a colour change from purple to yellow, showing a
reduction in the concentration of free radicals (Santos-
Sanchez et al., 2019).

Antibacterial Activity of Lemongrass Leaf
Essential Oil

The MIC value shows the minimum concentration
needed to inhibit bacterial growth. Meanwhile, the MBC
value represents the minimum concentration necessary
to eradicate the bacterial population. The minimum
concentration of essential oils considered effective in
inhibiting MIC and MBC typically ranges from 0.03%
to 2% (v/v or w/v) and 0.5% to 5% (v/v or w/v),

respectively. The exact range varies depending on
the essential oil and the type of bacteria (Burt, 2004;
Oyedeji et al., 2009).

The MIC values against E. coli and S. aureus
ranged from 0.3% to 1.3% and 0.3% to 1.8%,
respectively (Table 5). This showed that lemongrass
leaf essential oil effectively inhibited bacterial growth.
However, the values are higher than the result reported
by Gao et al. (2020) for lemongrass stalk essential oil,
with a MIC against S. aureus of 0.039-0.125%. The
MBC values against E. coli and S. aureus were identical
at 0.5%-3% (Table 5) since the essential oil was
effective in bactericidal activity. These values were also
higher than the result reported by Naik et al. (2010) for
lemongrass stalk essential oil, where the MBC for E. coli
and S. aureus were 0.12% and 0.06%, respectively.
Therefore, essential oil produced from the lemongrass
stalk has greater antimicrobial activity than the leaf.

Citral disrupts peptidoglycan synthesis in the cell
wall, specifically in Gram-positive bacteria such as S.
aureus, by downregulating the enzymes MurE and
Pbpl indispensable for peptidoglycan biosynthesis
(Gao et al., 2020). This constituent has been shown
to inhibit the expression of the acpP, accA, and fapR
genes implicated in fatty acid biosynthesis, altering
the bacterial membrane structure and leading to cell
death through ion leakage (Purwanto & Irianto, 2022).
Citral has been reported to impede quorum sensing,
the bacterial communication system regulating the
expression of virulence-related genes, including hla,
which encodes a-toxin. Citral impairs the bacteria’s
capacity to colonise and form biofilms by inhibiting the
master regulator, AgrA (Gao et al., 2020).

Essential oils from dried and fresh leaf exhibit
higher antibacterial activity (MIC 0.3-1%; MBC 0.5-
1.8%) compared to withered leaf (MIC 0.6-1.8%; MBC
2.3-3%) (Table 5). This is associated with the higher
oxygenated compound content in essential oils from
dried (97.18%) and fresh leaf (97.29%) compared
to withered leaf (93.83%) (Table 3). Furthermore,
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Table 5. MIC and MBC value of lemongrass leaf essential oil

MIC (v/v %)

MBC (v/v %)

Bactgrlal Fresh Wilted Dried Fresh Wilted Dried
Strains
+MV -MV +MV -MV +MV +MV -MV +MV -MV +MV -MV
E. coli 0.3+0.00° 1.0+£0.00¢ 0.6+0.14°> 1.3+0.43¢ 0.5+0.06® 0.3+0.00® 0.6+0.14*> 1.84+0.29* 2.3+0.29c 3.0+0.00¢ 0.6+0.14® 0.5+0.06°
S.aureus  0.3+£0.00° 1.0£0.00¢ 0.92+0.14c 1.8+0.29¢ 0.4+0.06® 0.3£0.00® 0.6+0.14® 1.8+0.29> 2.3£0.00¢ 3.0+0.00¢ 0.6+£0.14* 0.5+0.00°
Description: microwave pre-treatment (+MV) and no pre-treatment (-MV).
oxygenated compounds, such as alcohols, ketones, esters, and aldehydes, contain REFERENCES

active oxygen groups (-OH, =0) interacting more strongly with bacterial cell
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CONCLUSIONS
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