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Abstract: Although many investigations on phytochemicals in rice plant parts and root exudates
have been conducted, information on the chemical profile of essential oil (EO) and potent biological
activities has been limited. In this study, chemical compositions of rice leaf EO and in vitro biological
activities were investigated. From 1.5 kg of fresh rice leaves, an amount of 20 mg EO was obtained
by distillation and analyzed by gas chromatography-mass spectrometry (GC-MS), electrospray
ionization (ESI), and atmospheric pressure chemical ionization (APCI) to reveal the presence of twelve
volatile constituents, of which methyl ricinoleate (27.86%) was the principal compound, followed
by palmitic acid (17.34%), and linolenic acid (11.16%), while 2-pentadecanone was the least (2.13%).
Two phytoalexin momilactones A and B were first time identified in EO using ultra-performance
liquid chromatography coupled with electrospray mass spectrometry (UPLC/ESI-MS) (9.80 and
4.93 ng/g fresh weight, respectively), which accounted for 7.35% and 3.70% of the EO, respectively.
The assays of DPPH (IC50 = 73.1 µg/mL), ABTS (IC50 = 198.3 µg/mL), FRAP (IC50 = 700.8 µg/mL)
and β-carotene oxidation (LPI = 79%) revealed that EO possessed an excellent antioxidant activity.
The xanthine oxidase assay indicated that the anti-hyperuricemia potential was in a moderate level
(IC50 = 526 µg/mL) as compared with the standard allopurinol. The EO exerted potent inhibition on
growth of Raphanus sativus, Lactuca sativa, and two noxious weeds Echinochloa crus-galli, and Bidens
pilosa, but in contrast, the growth of rice seedlings was promoted. Among the examined plants,
the growth of the E. crus-galli root was the most inhibited, proposing that constituents found in EO
may have potential for the control of the problematic paddy weed E. crus-galli. It was found that
the EO of rice leaves contained rich phytochemicals, which were potent in antioxidants and gout
treatment, as well as weed management. Findings of this study highlighted the potential value of
rice leaves, which may provide extra benefits for rice farmers.

Keywords: Momilactone A; momilactone B; antioxidant activity; allelopathic activity;
anti-hyperuricemia; rice leaf; essential; UPLC/ESI-MS

1. Introduction

The plant kingdom abounds with natural products which are chemically diverse [1].
During growth and development, plants generate around 100,000 chemical products, of which, 1700 are
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volatile organic compounds (VOC) [2] presented in essential oils. These molecules are emitted by
different plant organs including leaves, flowers, fruits, and roots [2,3]. Plant VOCs are chemically
classified into different groups such as fatty acid derivatives, terpenes, indole, and molecules from other
chemical families. Biologically, volatile compounds are not only to protect themselves from herbivores
and microbial pathogens, but they also release signals and messages to insects and neighbouring
plants [3]. Due to having therapeutic benefits and high absorbability through the skin, VOCs and
essential oils have been widely applied in different sectors including food, cosmetic, and medicinal
production [4]. From an agricultural point of view, such constituents play a notable role in enhancing
crop protection [5].

Rice (Oryza sativa L.), which belongs to the Gramineae family, has been consumed by humans
for almost 5000 years. Rice is a major crop used by two-thirds of the population over the world
as a staple food [6]. Instrumental analyses have found over 200 volatile compounds presented in
rice [7] and usually distributed in rice leaves and rice bran [8]. Among them, rice diterpenoids such
as momilactones and oryzalexins play vital functions as phytohormones and phytoalexins. Most of
the previous studies have investigated on VOCs of rice grains of different varieties [9], the changes
of VOCs during storage and cooked process [10–19]. However, little information has been found
concerning VOC releasing from rice leaves.

In rice production, abundant rice leaves are available but no potential value, which may provide
further income for rice farmers once this has been achieved. Thus, this study aims to investigate the
profile of essential oil (EO) in rice leaves and evaluate their potential biological properties including
antioxidant, antibacterial, and anti-hyperuricemia activities in vitro assays. The obtained compounds
were identified by gas chromatography-mass spectrometry (GC-MS), electrospray ionization (ESI),
atmospheric pressure chemical ionization (APCI), and ultra-performance liquid chromatography
coupled with electrospray mass spectrometry (UPLC/ESI-MS).

2. Results

2.1. Antioxidant and Xanthine Oxidase Inhibitory (XOI) Activities of Rice Leaf EO

The antioxidant potential of rice leaf EO was evaluated using the 2, 2-diphenyl-1-picrylhydrazyl
(DPPH) and 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) radical scavenging, ferric
reducing antioxidant power (FRAP), and β-carotene linoleate assays. The inhibitory effect of EO was
compared with a positive standard butylated hydroxytoluene (BHT) (Table 1). The result of β-carotene
oxidation assay was expressed as percent inhibition of β-carotene bleaching after 180 min of reaction
(79.0%). Whilst that of other tests were presented as IC50 values at which concentration requires to
inhibit 50% of scavenging free radicals (DPPH (73.1 µg/mL) and ABTS (193.3 µg/mL)) and reducing
of ferric iron Fe III in the complex to ferrous iron Fe II (700.8 µg/mL). A small IC50 value indicates a
superior activity. The obtained data showed that the EO from rice leaf exhibited a strong antioxidant
property in all assays, although the synthetic BHT exerted stronger antioxidant level.

Table 1. Antioxidant activity measured by DPPH, ABTS, FRAP, β-carotene bleaching assays, and XOI
activity of rice leaf EO in terms of IC50 values.

Sample IC50 (µg/mL) LPI (%) IC50 (µg/mL)
XOIDPPH ABTS FRAP β-carotene

Rice leaf EO 73.1 ± 1.4 198.3 ± 2.2 700.8 ± 5.7 79.0% 526.0 ± 2.3
BHT * 9.3 ± 1.1 45.7 ± 1.4 426.7 ± 3.8 90.0% -

Allopurinol * - - - - 21.5 ± 0.2

* Positive control. -: measurements were not conducted. Data are means ± SD (standard deviation) (n = 3).
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The inhibitory effect of rice leaf EO on xanthine oxidase was presented in Table 1. The result
showed that the EO from rice leaf exhibited a considerable activity against xanthine oxidase enzyme
(IC50 = 526.0 µg/mL). Although the anti-hyperuricemia property of allopurinol was superior to that of
the tested EO, further examination on the xanthine oxidase inhibition of individual volatile constituents
in EO should be elaborated to search for more potent volatiles in rice EO.

2.2. Growth Inhibitory Activities of Rice Leaf Essential Oil

The levels of growth inhibitory effects were varied among Oryza sativa (Koshihikari), Echinochloa
crus-galli, Bidens pilosa, Raphanus sativus, and Lactuca sativa. Table 2 showed that the EO reduced the
shoot and root elongation of the two indicator plants R. sativus and L. sativa, and the two noxious
weeds E. crus-galli and B. pilosa. The inhibition was proportional to the applied doses of EO (Table 2).
In contrast, all applied doses of EO stimulated slightly (5–13%) the growth of the rice.

Table 2. Inhibitory effects of rice leaf EO on the growth of O. sativa, E. crus-galli, B. pilosa, R. sativus, and
L. sativa

Plant Species

Inhibition Percentage (%)
IC50 (µg/mL)

Root Shoot

100 * 500 * 1000 * 100 * 500 * 1000 * Root Shoot

Oryza sativa L. −10.0 −12.0 −3.0 −5.0 −7.0 −11.0 St ** St **
Echinochloa crus-galli 38.0 51.0 63.0 18.0 25.0 51.0 455.6 ± 11.5 b 964.3 ± 12.1 a

Bidens pilosa L. 12.0 20.0 52.0 16.0 19.0 56.0 912.5 ± 10.3 a 869.2 ± 6.1 bc
Raphanus sativus L. 4.0 21.0 60.0 7.0 20.0 60.0 916.3 ± 10.0 a 866.2 ± 26.1 c

Lactuca sativa L. 6.0 34.0 55.0 12.0 24.0 55.0 926.7 ± 11.6 a 908.0 ± 11.1 b

* Concentration of EO (µg/mL). ** Stimulation. Data are presented as means ± SD (standard deviation). Mean
values with different lowercase letters indicate significant differences in the same column (p < 0.05) (n = 3).

The IC50 parameter was used to compare the inhibitory levels among the examined species, of
which the smaller IC50 value presented the higher suppressing level. Among the tested plants, the
maximum inhibition was observed on the root growth of weed E. crus-galli (IC50 = 455.6 µg/mL)
(Table 2). Statistically, the suppressing capacity on root growth of B. pilosa, R. sativus, and L. sativa was
similar as their IC50 values were 912.5, 916.3, and 926.7 µg/mL, respectively. In general, the strongest
inhibition was found on the shoot of R. sativus, followed by B. pilosa, L. sativa, and E. crus-galli. Their
IC50 values were 866.2, 869.2, 908.0, and 964.3 µg/mL, respectively.

2.3. Identification of Phytochemicals in Rice Leaves EO

The GC-MS analysis had quantitatively identified twelve VOCs as they accounted for 88.28% in
the rice leaf EO (Table 3). The structural formulas of those compounds were further confirmed by
ESI-MS and APCI-MS (Supplementary Materials Figures S1–S4). Based on the percent peak area of
each component, methyl ricinoleate (27.86%) was the most dominant compound among volatile oil in
rice leaves, followed by palmitic acid (17.34%), and linolenic acid (11.16%), while 2-pentadecanone
was the least (2.13%).
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Table 3. Identification of phytochemicals in essential oil of rice leaf by GC-MS, confirmation by ESI-MS
and APCI-MS.

Chemical
Formula Compounds Molecular

Weight
Retention Time

(min)
Peak Area

[% of Total]

C8H8O Coumaran 120 8.22 4.02
C9H10O2 Benzyl acetate 150 9.58 2.54
C8H8O3 Vanillin 152 10.73 8.22

C11H22O2 Undecanoic acid 186 12.73 2.56
C13H18O Megastigmatrienone 190 13.02 3.20
C14H28O2 Myristic acid 228 15.00 3.26
C18H36O 2-Pentadecanone 268 15.89 2.13
C10H20O2 Capric acid 172 16.05 2.17
C16H32O2 Palmitic acid 256 17.13 17.34
C18H30O2 Linolenic acid 278 18.80 11.16
C19H36O3 Methyl ricinoleate 312 19.46 27.86

C16H34 Hexadecane 226 20.22 3.82

2.4. Identification and Quantification of MA and MB from Rice Leaf EO by UPLC/ESI–MS Analysis

The presence of two momilactones MA and MB were identified and confirmed by UPLC/ESI–MS
analysis (Supplementary Materials Figure S5a,b), compared with the standard MA and MB isolated in
our laboratories as described previously [20,21]. From 20 mg of rice leaf EO, the amounts of MA and
MB detected by this method were 9.80 and 4.93 ng/g fresh weight (FW), respectively. Furthermore,
the limit of detection and quantification (LOD and LOQ) parameters were also determined as 0.097,
0.293 ng/mL for MA and 0.157, 0.476 ng/mL for MB, respectively (Table 4, Figure 1a,b).

Table 4. Identification and quantification of momilactones A and B from rice leaf EO by UPLC/ESI-MS.

Rice leaf EO
UPLC/ESI-MS

MA MB

Retention time (min) 4.00 ± 0.04 2.45 ± 0.06
LOD (ng/mL) 0.097 0.157
LOQ (ng/mL) 0.293 0.476

Yield (ng/g FW) 9.80 ± 0.22 4.93 ± 0.13
% of Total EO 7.35 3.70

FW: Fresh weigh. Data are means ± SD (standard deviation) (n = 3). MA: Momilactone A; MB: Momilactone B.
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Figure 1. (a) UPLC/ESI–MS chromatogram of MA and MB (standard); (b) UPLC/ESI–MS
chromatogram of MA and MB detected in rice leaf essential oil.

3. Discussion

In this study, the obtained yield of rice leaf EO was 13.33 µg/g fresh weight (FW). This yield is
higher than essential oil extracted from Tagetes erecta L. leaves (0.72 µg/g FW) [22] but lower than
common EO such as Ocimum basilicum L. (170–2100 µg/g FW) [23]. EtOAc is the common solvent to
extract essential oils from plants [24]; therefore it was used to extract the EO in our research. However,
the use of room temperature (25 ◦C) during the evaporation might result in the yield loss of EO.
The yield of EO depends on EO contents in plant tissues and method of extractions [25]. Steam
distillation is the most prevalent method of EO extraction [26,27]. The use of lower temperature during
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evaporation should be examined to enhance the yield of EO in rice leaves. Because rice EO showed
potent biological activities as observed by this study, the breeding of new rice cultivars rich with EO
may be beneficial to exploit the potent use of rice leaves.

Biological activities of the EO obtained from rice leaves and chemical components were
investigated in this study by in vitro assays and spectroscopic analyses. Our results showed that the
EO inhibited xanthine oxidase activity by 50% at 526 µg/mL. Additionally, the antioxidant property of
the EO was compared with the positive standard BHT in assays DPPH, ABTS, FRAP and β-carotene
oxidation (Table 1). It was found that the rice leaf EO was a potent anti-hyperuricemia source and
an effective scavenger of superoxidase radicals, although its potency was lower than that of the
reference standards (allopurinol and BHT, respectively). Moreover, having both anti-hyperuricemia
and antioxidant properties, the rice leaf EO may be well developed as a promising treatment for gout
arthritis [28].

The inhibitory activity on the growth of O. sativa, E. crus-galli, B. pilosa, R. sativus, and L. sativa
was also investigated. The reduction observed in the shoot and root lengths of E. crus-galli, B. pilosa,
R. sativus, and L. sativa (as compared with controls) suggested that the EO exerted toxicity effects
on the growth of those tested plants. Among them, the inhibition of the EO on root elongation of E.
crus-galli was about two-fold stronger than that of B. pilosa, R. sativus, and L. sativa. Interestingly, the
EO obtained from rice leaves showed a slight promotion on its own growth. By treating with the EO
1000 µg/mL, the root and shoot of rice plants were increased 13% and 11%, respectively. The results
indicated that the rice leaf EO might be highly applicable not only to manage the problematic weed E.
crus-galli but also to enhance the growth of rice plants in crop production.

EOs are aromatic oily liquids obtained from plant materials. The chemical constituents of EOs
are VOCs which can be classified into two major biosynthetic groups including terpenes/terpenoids
and aromatic/aliphatic molecules [29,30]. In this work, twelve VOCs of the EO from rice leaves
were identified by GC-MS, ESI-MS, and APCI-MS analyses. Although methyl ricinoleate was found
in relatively high concentrations (27.86%) of the EO, fatty acids were the most abundant with five
components accounting for 36.49%. Among identified volatile acids, palmitic acid was detected in
the highest amount (17.34%). These compounds were also encountered in the chemical profile of EOs
originating from the rice straw [31], black, and red rice bran [13]. In the literature, methyl ricinoleate
was reported as an antioxidant compound, which supports the ethno-medicinal application of Ricinus
communis seeds extracts in medicine. Additionally, this active metabolite has been considered as an
important ingredient in the cosmetic industry, which is used as a plasticizer, lubricant, as emollients,
and in skin conditioning or as a fragrance [32]. The compound palmitic acid was previously reported to
attribute to antioxidative and antibacterial properties of Labisia pumia Benth leaf [33]. As a consequence,
these substances might be contributing to the observed antioxidant activity of the rice leaf EO.

Momilactones A and B have been known as phytoalexins and allelochemicals found in rice and the
moss Hypnum plumaeforme [34,35]. Due to the fact that isolation and purification of the two phytoalexins
are laborious and complicated, only few laboratories worldwide have worked with momilactones A
and B thus far [20,21,34]. Therefore, those compounds might not be available in the library of JEOL’s
GC-MS Mass Center System Version 2.65a and not detectable by common analytical instruments such
as GC-MS, ESI-MS, and APIC-MS methods. Because the boiling points of momilactones A and B were
460.1 ◦C and 504.5 ◦C, respectively, which exceeded the limited operating temperature of GC (300 ◦C)
that could be detected by the GC-MS. As a consequence, ionizing electrons were not achieved, and
fragments could not be produced by molecular ion. By contrast, the replacement of those common
spectrometric techniques by UPLC/ESI-MS analysis led to successfully confirming the presence of
momilactones A and B in EO of rice leaves. It can be explained by the separation and quantification
in UPLC coupled with ESI was performed under very high pressure (up to 15,000 psi, or double as
compared with HPLC) in the mobile phase and column design of small material particle size (1.7 µm)
in the stationary phase. This analytical technique might be helpful to acquire better resolution, speed,
and sensitivity in the analytical process. The presence of momilactones A and B may be responsible
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for the inhibitory effects of the rice leaf EO on the growth of examined species in this study including
L. sativa, R. sativus, and the two noxious weeds E. crus-galli and B. pilosa, although they presented in
low quantities (9.80 and 4.93 ng/g fresh weight, respectively) (Table 1). This finding was in agreement
with previous reports, which documented that amounts of MA in rice plant parts and root exudates
was generally greater than MB [20,21,34].

4. Materials and Methods

4.1. Plant Materials

Fresh rice leaves were collected from rice (Oryza sativa L. cv. Koshihikari) paddy fields close to
Hiroshima University, Higashi Hiroshima City, Hiroshima Prefecture, Japan, in August 2017. The
samples were kept in sealed nylon bags, cleaned and sterilized at the Laboratory of Plant Physiology
and Biochemistry, Hiroshima University, for further analyses.

4.2. Preparation of Essential Oil

Extraction of EO from rice leaves was conducted by the steam distillation method described by
Charles and Simon [36] with minor modifications (Figure 2). The apparatus of extracting EO by steam
distillation is made up of a heat source, a pear-shaped glass (PSG), and a spherical glass container
(SGC) with upper and bottom entrances, a straight glass condenser, and a glass collector for separating
and recovering the essential oil; oil appears on top of the water in the collector. A total amount of 1.5
kg fresh rice leaves mixed with 5% (w/v) sodium chloride solution was sonicated using an ultrasonic
cleaner (Branson 5510R-MT Ultrasonic Cleaner, Branson Ultrasonics Corporation, CT 06813, Danbury,
CT, USA) for 30 min. The sterilized sample and 2L of water were then placed together in a pear-shaped
glass container. The mixture was then heated at 100 ◦C for 2 days. Consequently, vapor drags the
essential oil and is condensed and recovered in the glass collector. The mixture was then extracted
using ethyl acetate (EtOAc) to separate EO from the water by a reparatory funnel. Finally, EtOAc
extract was evaporated using a rotary evaporator at room temperature (25 ◦C) to produce 20 mg of
rice leaf EO. In each test, an amount of 10 mg EO from fresh rice leaves was used (0.75 kg).
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4.3. Antioxidant Assays

4.3.1. DPPH Radical Scavenging Assay

The antioxidant activity of essential oil was measured by the method described by Minh et al. [37].
The reaction consisted of 0.08 mL essential oil (10–100 µg/mL in MeOH) and 0.04 mL 0.5 mM DPPH
and 0.08 mL of 0.1 M acetate buffer (pH 5.5). The mixtures were incubated in the dark at room
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temperature for 30 min. The reaction absorbances were read at 517 nm by using a microplate reader
(MultiskanTM Microplate Spectrophotometer, Thermo Fisher Scientific, Osaka, Japan). BHT standard
(0.01-0.05 mg/mL) was used as a positive control. The DPPH radical scavenging activity of essential
oils was calculated as the inhibition percentage by the following equation:

DPPH (%) = [(Acontrol − Asample)/Acontrol] × 100

Acontrol is the absorbance of reaction without essential oil and Asample is the absorbance of reaction
with the sample. The IC50 (inhibitory concentration) value is expressed as the concentration of
essential oil required to scavenge 50% of DPPH. Lower IC50 values indicate higher DPPH radical
scavenging activity.

4.3.2. Reducing Power

The reducing power was carried out by using a previous method [38]. 0.1 mL of each essential
oil (200-2000 µg/mL in MeOH) or BHT (100-1000 µg/mL) was mixed with 0.25 mL phosphate buffer
(0.2M, pH 6.6) and 0.25 mL potassium ferricyanide [K3Fe(CN)6] (10 g/L). The reaction was then left at
50 ◦C for 30 min. Afterwards, 0.25 mL trichloroacetic acid (100 g/L) was added to the reaction and
centrifuged at 4,000 rpm for 10 min. Then, 0.075 mL of the supernatant was diluted with 0.075 mL of
distilled water and 0.015 mL FeCl3 (1 g/L). The reaction was mixed and read at 700 nm. IC50 value
was calculated at which the absorbance was 0.5. Lower IC50 shows higher reducing power.

4.3.3. ABTS Radical Scavenging Assay

ABTS scavenging activity of essential oil was evaluated by the method of Tuyen et al. [39]. The
preparation of samples was in the same manner as the DPPH assay. The ABTS solution was produced
by adding 15 mL aqueous solution of ABTS 7mM with 240 µL potassium persulfate 140 mL. The
mixture was kept at room temperature in the dark for 16 h. Prior to assay, the ABTS+ solution was
diluted with MeOH to get an absorbance of 0.70 ± 0.05 at 734 nm. The reaction contained 0.15 mL of
methanolic ABTS+ solution, and 0.018 mL of each essential oil (50–500 µg/mL in MeOH) was read at
734 nm after incubation for 30 min in the dark at room temperature. BHT (10-100 µg/mL) was used as
positive control. The antioxidant of essential oil was expressed as follows:

ABTS (%) = [(Acontrol − Asample)/Acontrol] × 100

Acontrol is the absorbance of reaction without essential oils; Asample is the absorbance of ABTS
radical with sample (essential oil, standard). The ABTS scavenging activity was examined by IC50 as
inhibitory concentration of the essential oils for 50% reduction of ABTS.

4.3.4. Antioxidant Activity using the β-Carotene Bleaching Test

The antioxidant of the essential oil was carried out by the method of Minh et al. [21] with some
adjustments. An amount of 2 mg of β-carotene/linoleic acid was dissolved in 10 mL of chloroform
and then 1 mL of the chloroform solution was added to 20 µL of linoleic acid and 200 mg of Tween-40.
The mixture was evaporated by using a vacuum at 45 ◦C, then 50 mL pure oxygenated water was
added and shaken vigorously to form an emulsion. An amount of 0.012 mL of essential oil (1 mg/mL
in MeOH) was mixed with 0.1 mL of the emulsion. The reactions were left at 50 ◦C and read at 492
nm using a microplate reader (MultiskanTM Microplate Spectrophotometer, Thermo Fisher Scientific,
Osaka, Japan). All reactions were read at zero time and every 15 min up to 180 min. Lipid peroxidation
inhibition (LPI) was expressed as the following formula:

LPI (%) = A1/A0 × 100
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A0 is the absorbance value measured at zero time for the essential oil, A1 is the absorbance
measured after incubation for 180 min. Higher LPI value indicates the higher antioxidant activity.

4.4. Growth Inhibitory Activity Bioassays

Growth suppressing potential of EO from rice leaf was assayed on Oryza sativa (var. Koshihikari),
Echinochloa crus-galli, Bidens pilosa L., Raphanus sativus L., and Lactuca sativa L. seeds in a growth
chamber (Biotron NC system, Nippon Medical & Chemical Instrument, Co. Ltd., Osaka, Japan).
Photoperiodic was set up at day/night 12/12 h with a temperature 25/23 ◦C. The EO sample was
dissolved in water containing 0.2% of Tween 20 to obtain different concentrations (10, 100, 500, 1000,
and 2000 µg/mL in MeOH). The test solution (100 µL) was permeated filter papers lined in a 12
well-plate (each well has 22 mm diameter x 18 mm height). Each healthy seed was then placed in
a well, followed by the addition of 100 µL of distilled water. Plant germination monitoring was
performed every 24 h for seven days. This bioassay was replicated six times (n = 6). The growth
parameters of radicle (root) and hypocotyl (shoot) length were measured. Concentration in reducing
50% shoot and root lengths (IC50) was also calculated using a method described previously [40].

4.5. Xanthine Oxidase Inhibition (XOI) Activity

The inhibitory effect on xanthine oxidase (XO) of rice leaf EO was measured
spectrophotometrically according to the method reported previously [41] with minor modifications.
The mixture assay consisted of a 50 µL sample solution (2000, 1000, 500, 250, 125, and 62.5 µg/mL in
DMSO), 30 µL phosphate buffer (70 mM, pH = 7.5), and 30 µL fresh enzyme solution (0.1 units/mL in
the same buffer). The mixture assay then pre-incubated at 25 ◦C for 15 min before the main reaction
conducted. The main reaction was initiated by adding 60 µL of substrate solution (150 µM xanthine in
the same buffer) and then was incubated at 25 ◦C for 30 min. The reaction was stopped by adding 25
µL HCl (1 M), and the absorbance was recorded at 290 nm using a microplate reader. In this assay,
allopurinol (6.25, 12.5, 25, 50 µg/mL) was used as a reference. A blank was prepared in the same
manner, but the enzyme solution was added after HCl. XO inhibitory activity was expressed as the
percentage inhibition of XO and calculated as following the formula:

% Inhibition =

{
(A− B)− (C−D)

(A− B)

}
× 100

where A is the absorbance of the enzyme without tested samples, B is the control of A without enzyme.
C and D are the absorbances of the test solutions with and without XO, respectively. The IC50 values
were calculated from the mean values of the data.

4.6. Identification of Volatile Compounds from Rice Leaf Essential Oil

The compounds from EO of rice leaf were analyzed by GC-MS system (JMS-T100 GCV, JEOL Ltd.,
Tokyo, Japan) equipped with a DB-5MS capillary column, 30 m in length, 0.25 mm internal diameter,
and 0.25 µm in thickness (Agilent Technologies, J & W Scientific Products, Folsom, CA, USA). The
column temperature was setup initially at 50 ◦C without hold time, followed by an increase to 300 ◦C
with the gradients of 10 ◦C/min and hold for 20 min. The temperature of the injector and detector
were programmed respectively at 300 ◦C and 320 ◦C, with a mass scan range of 29–800 amu. The
compounds were determined by the comparison between their mass spectral fragmentation pattern
with the mass spectral libraries of JEOL’s GC-MS Mass Center System Version 2.65a. The compounds
with high purity were selected for further spectroscopic techniques to structure elucidation [42].

ESI-MS analysis was conducted on a negative/positive ion mode. Mass spectral characterization
was performed using a LTQ Orbitrap XL mass spectrometer (Thermo Fisher Scientific, San Jose, CA,
USA) connected with an electrospray ionization (ESI) source in the negative (between m/z 120 and
2000) and positive (between m/z 100 and 2000) ionization mode recording spectra. The instrumental
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conditions were as follows: Spray voltage, 5.0 kV; sheath gas flow, 50 arb (arbitrary unit); aux gas flow
rate, 10 arb; capillary temperature, 330 ◦C; capillary voltage, 50 V; tube lens, 80 V [43].

APCI-MS analysis was implemented using a mass spectrometer with an electrospray ion source.
Mass spectral characterization was also performed using an LOQ Orbitrap XL mass spectrometer. The
measurements were conducted on the positive mode (m/z 100–2000) FTMS at a resolution of 60,000.
The instrumental conditions were as follows: Source voltage, 3.5 kV; source current, 6.12 uA; vaporizer
temperature 401 ◦C; sheath gas flow, 20 arb; aux gas flow rate, 10 arb; capillary temperature, 250 ◦C;
capillary voltage, 30 V; tube lens, 80V [44].

4.7. Identification and Quantification of Momilactones A and B from EO of Rice Leaf by UPLC/ESI-MS

The characterization of major component peaks of EO from rice leaf was performed on the Waters
Acquity UPLC instrument equipped with the Acquity HPLC BEH C18 1.7 µm (2.1x50 mm Column)
(Waters Cooperation, Milford, MA, USA). The UPLC mobile phases were (A) 0.1% formic acid in water
(v/v) and (B) 0.1% formic acid in acetonitrile (v/v). Isocratic elution was accomplished with a mixture
of A 50% and B 50%. The flow rate was 0.3 mL/min, injection volume was 3.0 µL, and the column
temperature was 30 ◦C, with an ambient sample temperature. Mass spectral characterization was
performed using an LOQ Orbitrap XL equipped with an electrospray ionization source in positive
ionization mode recording spectra between m/z 100 and 1000. The instrumental conditions were as
follows: Spray voltage, 4.5 kV; sheath gas flow, 55 arb; aux gas flow rate, 15 arb; capillary temperature,
340 ◦C; capillary voltage, 50 V; tube lens, 80V [45].

5. Conclusions

Findings of this study not only revealed the chemical profile but also revealed the potential
antioxidant, anti-hyperuricemia, and plant growth inhibitory activities of EO from rice leaves. There
were twelve volatile constituents identified, of which methyl ricinoleate (27.86%) and palmitic acid
(17.34%) were the principal compounds. This study was the first to successfully identify the presence
of momilactones A and B by ultra-performance liquid chromatography coupled with electrospray
mass spectrometry (UPLC/ESI-MS), suggesting that they may be involved in plant growth inhibition
as well as other biological activities of rice EO. Because rice EO exhibited promising inhibition on
the two noxious weeds of E. crus-galli anb B. pilosa, further trials on examining individual volatile
compounds as well as momilactones A and B on the two weed species should be further elaborated.
It was observed that the EO of rice leaf was beneficial as a source of antioxidants and a reduction of
gout disease, and thus provided extra benefits for rice farmers in developing countries. However, the
use of lower temperatures during evaporation should be further conducted to enhance the actual yield
of EO in rice leaves.
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