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Introduction

Essential oils are valuable natural products known for their bioactive properties.
Cymbopogon citratus (lemongrass) and Chrysopogon zizanioides (vetiver) are aromatic
plants cultivated in Kisangani, whose chemical composition and biological activities
warrant investigation.

Purpose

This experimental study aimed to determine the chemical composition and to evaluate the
in vitro antioxidant and anti-inflammatory properties of essential oils extracted from
Cymbopogon citratus (DC.) Stapf and Chrysopogon zizanioides (L.) Roberty cultivated in
Kisangani.

Methods

Leaves of lemongrass and roots of vetiver were collected from the Mavaolo concession and
hydro-distilled to obtain essential oils (EOs). The extraction yields were 0.11 + 0.01% for
lemongrass and 1.40 £ 0.67% for vetiver, with densities of 0.88 png/mL and 1.05 pg/mL,
respectively. Gas Chromatography-Mass Spectrometry (GC-MS) analysis revealed 17 and
24 peaks in the two species, of which 100% and 82.32% were identified, respectively.
Results

C. citratus oil consisted mainly of oxygenated monoterpenes (69.93%), primarily citral
(36.64%) and nerol aldehyde (28.85%), while C. zizanioides oil contained predominantly
oxygenated sesquiterpenes (87.67%), including khusimol (28.52%) and vetivenic acid
(14.01%). Lemongrass essential oil exhibited strong antioxidant and anti-inflammatory
activities, whereas vetiver oil showed weak antioxidant but strong anti-inflammatory
properties compared with a-tocopherol used as a reference.

Conclusion

The findings indicate that C. citratus and C. zizanioides cultivated in Kisangani contain
bioactive constituents of commercial potential. It is recommended that further cultivation
studies be conducted to optimise essential oil yield.

https://dx.doi.org/10.4314/orapj.v6i11.106
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INTRODUCTION

Cymbopogon citratus (DC.) Stapf, commonly known as
lemongrass, is an herbaceous perennial that grows in
clumps ranging from 30 to 60 cm in height and occasionally
higher (Silou et al.,, 2017). Chrysopogon zizanioides (L.)
Roberty, known as vetiver, is a robust, erect, perennial
herbaceous plant with glabrous stems reaching heights of 1
to 2 metres (Vangu et al., 2023). Both plants are important
sources of essential oils (EOs) used in the flavouring and
fragrance industries, as well as in traditional and modern
medicine.

Previous studies have shown that their EOs exhibit various

pharmacological properties, including anti-amoebic,
antibacterial, antidiarrhoeal, antifilarial, antifungal, and
(Bansod et al, 2008;

Wannissorn et al.,, 2005). These natural products may

anti-inflammatory activities
represent a promising alternative to synthetic antioxidants,
such as butylated hydroxyanisole (BHA) and butylated
hydroxytoluene (BHT), which have been associated with
potential long-term  teratogenic, mutagenic, and
carcinogenic effects in food, cosmetic, and pharmaceutical

industries (Bourkhiss et al., 2010).

Additionally, plant-derived EOs offer an advantage over
synthetic non-steroidal anti-inflammatory drugs (NSAIDs),
which have linked to
gastrointestinal, renal, and respiratory disorders, including
asthma (Amoah et al., 2024; Dinarello, 2010).

been increased risks of

Despite the commercial importance of synthetic citral,
lemongrass remains one of the world’s most important
natural sources of citral. Historically, lemongrass oil was
the principal natural source of citral used in vitamin A
production (Attokaran, 2011). The commercial value of
plant-based raw materials in the fragrance and
pharmaceutical industries depends largely on the yield and

composition of their EOs.

In the Democratic Republic of the Congo (DRC), both
lemongrass and vetiver are cultivated mainly for domestic
purposes. Expanding their cultivation could potentially
enhance their contribution to the international EO market.
However, limited research has been conducted on the
chemical profiles and antioxidant and anti-inflammatory
activities of these plants’ essential oils.

METHODS
Study Design
This
antioxidant and anti-inflammatory potentials of EOs

experimental study investigated, in vitro, the
extracted from C. citratus leaves and C. zizanioides roots
collected in Kisangani. The aim was to determine whether
local environmental factors could influence their chemical
composition and corresponding biological activities. The
study was conducted from 15 July to 30 September 2024.

Collection and Identification of Plant Materials

Leaves of C. citratus and roots of C. zizanioides were
collected in February 2024 from the Mavaolo concession in
Bayangana, a locality approximately 10 km from Kisangani
in the northeastern DRC (Figure 1). The plant specimens
were identified and authenticated at the Herbarium of the
Faculty of Science, University of Kisangani, under voucher
numbers 050324 (C. citratus) and 060324 (C. zizanioides)
(Figure 2).

Figure 1:

Map of the Mavaolo concession in the locality of Bayangana, city of Kisangani/DR
Congo
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herbarium specimen (D)
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Chemical Reagents
2,2-Diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azino-bis(3-
ethylbenzothiazoline)-6-sulphonic acid (ABTS), Amplex
Red (AR), sodium nitrite, sodium persulfate, and hydrogen
peroxide were obtained from Sigma-Aldrich (Steinheim,
Germany). Bovine serum albumin (BSA) was purchased
from Roche Diagnostics GmbH (Mannheim, Germany).
Human myeloperoxidase (MPO) was procured from
Calbiochem Millipore (Billerica, Madison, WI, USA).
Ethanol and methanol (analytical grade) were supplied by
Merck VWR (Leuven, Belgium).

Extraction of Essential Oils

Fresh leaves and roots were naturally air-dried for
approximately 21 days, protected from light and humidity.
The dried materials were then crushed and stored in black
plastic bags to prevent photosensitisation of the EOs. Each
plant sample underwent hydro-distillation for five hours
using a Clevenger apparatus. Depending on the quantity of
sample, the crushed material was placed in 2- or 5-litre glass
flasks filled to two-thirds with water and heated to boiling
using a heating mantle. The process was repeated three
times per plant sample. The distilled EO was stored in
amber glass bottles at 4°C, protected from light, until
analysis.

Determination of Chemical Composition

EOs were diluted in hexane to a 1:10 (v/v) concentration.
Chemical composition was determined using an Agilent
Technologies 7890B Gas Chromatograph coupled with a
5977B Mass Spectrometer (Agilent, Santa Clara, CA, USA).

The GC system was equipped with an HP-5MS capillary
column (30 m x 025 mm x 0.25 pum, 5% phenyl-95%
methylpolysiloxane stationary phase). Helium served as
the carrier gas at a flow rate of 1.2 mL/min. Injections were
made in splitless mode, with 1 pL of EO injected.

Following Taguimjeu et al. (2025), the oven temperature
was programmed from 50°C to 300°C (5 min hold) at a rate
of 5°C/min. The MS detector operated at 70 eV ionisation
energy, scanning a mass range of 40-400 amu, with the
source temperature maintained at 230°C. Compound
identification was based on comparisons with WILEY and
NIST 17 libraries. Retention indices (RIs) were calculated
using C7-C30 n-alkanes. Quantitative analysis was

expressed as relative peak area means from three replicates.

Assessment of Antioxidant Activity

The antioxidant potential of EOs was assessed in vitro at
various concentrations (59.5-23,800 pg/mlL) using both
ABTS and DPPH assays as described by Re et al. (1999),
with minor modifications by Wahyu et al. (2017).

For the ABTS assay, ABTS (7 mM) was reacted with
potassium persulfate (2.45 mM final concentration) and
incubated in the dark at 25°C for 24 hours to generate the
ABTS* radical cation. The mixture was diluted with
methanol to an absorbance of 0.85 + 0.02 at 734 nm. A 2 uL
aliquot of EO was added to 198 pL of ABTS" solution in a
microplate (Thermo Lab Systems, Finland). Control wells
contained 2 pL of water and 198 uL of ABTS" solution. After
10 minutes of incubation, absorbance was measured at 734
nm using a spectrophotometer (Ben et al., 2020).

For the DPPH assay, the radical scavenging activity was
evaluated using the method by Blois (1958), modified by
Bourkhiss et al. (2010). A 1 mM DPPH methanolic solution
was stirred for 60 minutes and adjusted to an absorbance of
0.70 £ 0.02 at 517 nm. Antioxidant-induced discolouration
(violet to yellow) was measured spectrophotometrically
after 30 minutes using a Multiskan Ascent 96 plate reader
(Thermo Lab Systems, Finland). Trolox® (vitamin E) served
as the reference antioxidant, while the control contained 2
pL of water in 198 pL. of DPPH solution.

Assessment of Anti-inflammatory Activity

The anti-inflammatory potential of C. citratus and C.
zizanioides EOs was evaluated following the procedure
described by Borive et al. (2025), with slight modifications.
The assay relies on fluorescence emission at 584 nm induced
by excitation at 571 nm. The MPO reaction cycle, similar to
that of horseradish peroxidase (HRP), was coupled with the
fluorescent probe Amplex Red and amplified by sodium
nitrite.

After incubation at 37°C for 10 minutes, 100 pL of each test
compound (five solutions of four concentrations) was
added to a 96-well plate. Subsequently, 10 pL of NaNO, and
100 pL of a SIEFED/Amplex Red/H,O, phosphate buffer
solution were added. Positive and solvent controls (H,O
and DMSO) were included. The anti-inflammatory activity
was calculated using the same equation applied to
antioxidant analysis.
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Statistical Data Analysis

Data analysis and graphical representation were performed
using Microsoft Excel and STATA software. Results are
presented as mean * standard deviation (SD). Statistical
significance was set at p <.05.

Ethical Considerations

Ethical approval was not required as the study did not
involve human or animal subjects. However, authorisation
to conduct the research was obtained from the University
of Kisangani authorities as part of the requirements for a
master’s degree in the Department of Pharmacy, Faculty of
Medicine and Pharmacy. The approval also covered the
transport of plant samples for analysis.

RESULTS

Chemical characteristics of lemongrass and vetiver essential oils
The essential oils (EOs) of the two plants exhibited almost
similar organoleptic characteristics, including scent
(pleasant, fresh, and fruity) and appearance (clear oily
citratus  EO

displayed a light-yellow hue, while C. zizanioides EO

liquid with low mobility). However, C.

exhibited a dark-yellow hue.

As shown in Table 1, there were significant differences in
the yield and major chemical groups between the two
plants. The yields were 0.11 + 0.01% and 1.40 + 0.67% for
lemongrass and vetiver EOs, respectively, and their
densities were 0.88 pg/mL and 1.05 pg/mL. Most of the
chemical groups in C. citratus comprised oxygenated
monoterpenes (69.93%), whereas those in C. zizanioides
were predominantly oxygenated sesquiterpenes (87.67%).
The difference may be explained by the type of raw plant
material used—leaves for C. citratus and roots for C.
zizanioides.

Tables 2 and 3 present the GC/MS analysis findings. Under
the conditions used, 17 peaks were detected in C. citratus
and 24 peaks in C. zizanioides. Of these, 100% of the 17 peaks
and 82.32% of the 24 peaks were identified. The major
compounds were citral (36.64 + 3.18%) and neroli aldehyde
(28.85 £1.94%) in C. citratus, and khusimol (28.52 £ 0.95%)
and vetivenic acid (14.01 £ 1.83%) in C. zizanioides.

Table 1:

Yield and major chemical groups of C. citratus and C. zizanioides essential oils
Characteristics C. citratus C. zizanioides p-value
Quantity extracted (g) 500.00 75.00 <0.001
Quantity of EO (g) 0.55 1.05
EO yield % (mean # SD) 0.11+0.01 1.40£0.67
Density (ug/mL) 0.88 1.05
Oxygenated monoterpenes 69.93 0
Oxygenated sesquiterpenes 6.72 87.67
Oxygenated diterpenes 2.37 0.60
Hydrocarbon sesquiterpenes 8.87 4.15
Ketones 6.60 0
Hydrocarbon monoterpenes 5.51 0
Carboxylic esters 0 0.78
Other compounds 0 6.80

Table 2:
Composition of essential oils hydrodistilled from the leaves of Cymbopogon citratus
(n=3)

N° Component name CAS No. RI (Exp.)  RI (Lit.) ?1\712:1/01 sD)
1 Sulcatone 110-93-0 988 988 6.60 +1.64
2 Linalool 78-70-6 1102 1102 5.51+0.92
3 Rose furan oxide 92356-06-4 1180 1177 2.25+1.41
4 Neroli aldehyde 106-26-3 1245 1246 28.85+1.94
5 Citral 5392-40-5 1276 1277 36.64 £3.18
6 Eugenol 97-53-0 1369 1370 2.19+1.96
7 a-Copaene 3856-25-5 1377 1377 0.65 +0.28
8 a-Gurjenene 489-40-7 1412 1412 0.71+£0.24
9 Caryophyllene 87-44-5 1422 1422 3.18 £0.85
10 p-cis-Bergamotene 13474-59-4 1436 1436 0.47 +£0.04
11 a-Humullene 6753-98-6 1455 1455 0.73 +£0.27
12 a-Curcumene 644-30-4 1489 1488 1.86+1.14
13 Valencene 4630-07-3 1497 1496 0.67 £0.21
14 y-Cadinene 39029-41-9 1516 1516 2.46 £0.52
15 Caryophyllene oxide  1139-30-6 1586 1586 4.86 % 0.60
16 Neophytadiene 0-00-0 1840 1840 1.06 + 0.40
17 ziii‘z;}::;a;;ene'l' 61447890 2111 2113 1314067

Note. Database retention indices (RIs) for the non-polar column are the closest values
to experimental data (a). Relative peak area > 0.5% (b). Data from NIST, 2023 (c). Data
from Pherobase (d). CAS number for each compound (e).

Table 3:
Chemical composition of essential oil from Chrysopogon zizanioides roots (n=3)

N° Component name CAS No. RIa (Exp.) Rla (Lit.)c,d Area (%)b
1 Unknown compound 106988-87-8 - - 5.05 £1.52
2 trans-p-lonone 1139-30-6 1486 1486 1.66 +0.21
3 Viridiflorene 6-46-21747 1513 1504 0.60 +0.17
4 p-Calacorene 50277-34-4 1545 1547 0.63 £0.35
5 9,10-dehydroisolongifolene 0-00-0 1555 1558 1.44 £0.79
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N° Component name CAS No. RIa (Exp.) Rla (Lit.)c,d Area (%)b
6  Unknown compound 194607-96-0 - - 3.58 +£0.24
7  Spatulenol 6750-60-3 1580 1580 0.57 £0.07
8 Caryophyllene oxide 1139-30-6 1585 1586 1.27£0.22
9  Unknown compound 30557-76-7 - - 3.44+0.10
10 Junenol 472-07-1 1621 1627 1.94+0.73
11 Kongol 5945-72-2 1649 1652 1.63 £0.37
12 Velerenol 101628-22-2 1656 1655 7.35 +0.47
13 Longiverbenone 64180-68-3 1669 1670 213 +0.82
14 Khusinol 24268-34-6 1674 1674 2.51+0.33
15 Unknown compound 66512-56-9 - - 5.59 £ 0.35
16 IPDON 1000189-10-2 1696 1690 244+0.17
17 Vetiselinenol 28102-68-3 1724 1723 3.34+0.12
18 Khusimol 16223-63-5 1744 1740 28.52 £ 0.95
19 Isovalencenol 22387-74-2 1788 1793 2.67+£0.10
20 Vetivenic acid 16203-25-1 1813 1811 14.01 +1.83
21 Nootkatone 4674-50-4 1828 1833 0.83 £ 0.04
22 Vetiverone 15764-04-2 1842 1842 4.28+0.15
23 Palmitic acid 57-10-3 1967 1968 2.40+213
24 Phytol 150-86-7 2113 2114 210+1.73

Note. aDatabase RIs shown in this table for the non-polar column are the closest
values to experimental data. bRelative peak area greater than 0.5%. cData from NIST
2023. dData from Pherobase. eCAS number for each compound. IPDON: 6-
Isopropenyl-4,8a-dimethyl-1,2,3,5,6,7,8,8a-octahy dronaphthalen-2-ol.

Biological activities

The percentages of relative activities at different
concentrations, as determined by the ABTS and DPPH tests,
are shown in Figure 3. The EO of lemongrass exhibited
higher antioxidant activity than Vitamin E, which was used
as the standard. The antioxidant effect was more
pronounced with the ABTS test than with the DPPH test.
However, the antioxidant activity of vetiver EO was
negligible compared with that of lemongrass and Vitamin
E in both tests.

different
concentrations indicated that the MPO assay was more
sensitive than the SIEFFED test. At higher concentrations,
EOs exhibited anti-
inflammatory effects comparable to Vitamin E.

The percentage of relative activities at

both lemongrass and vetiver

Figure 3:
Anti-inflammatory and antioxidant activities of lemongrass and vetiver essential oils
and Vitamin E.
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Hydrodistillation of local lemongrass leaves and vetiver
produced EOs with
characteristics, differing slightly in hue and density, and

roots specific and known
yielding 0.11% and 1.40%, respectively. These results align
with findings from Pandey et al. (2024), Kadarohman et al.
(2014), and Yanto et al. (2016). Tchoumbougnang et al.
(2009) reported a 0.67% EO yield in lemongrass collected in
Douala, Cameroon, whereas Miora (2018) recorded a 0.30%
yield in vetiver cultivated in Réunion Island. Kanko et al.
(2004) found that lemongrass leaves contain between 1.36%

and 2.01% EO, indicating that yield is not constant.

According to Djousse et al. (2022), variations in EO yields
can be attributed to several factors, including plant origin,

time, water content before extraction,

drying

environmental interactions (climate, soil, isolation

duration), fertiliser type, harvest time, and extraction
(2003) demonstrated that mineral
amendments enhance vegetative growth and yield. In

method. Ram et al.

Kisangani, the absence of mineral fertilisers may explain the
low lemongrass EO yield (0.11%). Additionally, the two
plants are genetically distinct.

GC/MS analysis identified 17 components in lemongrass
and detected 24 peaks in vetiver, of which four (18%) could
The
dominant compounds in lemongrass were citral (36.64%)
and neroli aldehyde (28.85%), both belonging to the
monoterpene hydrocarbon group. This agrees with
Khasanah (2025) and Hartatie et al. (2019), who reported E-
citral (synonym of citral), Z-citral (synonym of neroli

not be identified from the available databases.

aldehyde), and B-myrcene as the main constituents of C.
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citratus EO. In vetiver roots, khusimol (28.52%) and
vetivenic acid (14.01%) predominated among oxygenated
sesquiterpenes and ketones, consistent with previous
studies.

Bourgou et al. (2012), Golmakani et al. (2015), and Himed et
al. (2019) noted that EO composition varies according to
extraction method, plant variety, and maturity stage.
Among all C. zizanioides EOs analysed, khusimol has been
consistently identified as the compound with the highest
concentration (11-30%) (Oliveira et al., 2022; Pandey et al.,
2024; Lunz et al., 2021; Hammam et al., 2019). Champagnat
etal. (2006) further observed that the EO compositions of C.
zizanioides from nine countries (Brazil, China, Haiti, India,
Java, Madagascar, Mexico, Réunion, and Salvador) are
distinct, with alcohols and acids being particularly
significant.

From a pharmacological perspective, both plants were

expected to demonstrate antioxidant and anti-
inflammatory effects, as illustrated in Figure 3. Compared
with the standard (Vitamin E), the potency of EOs from
lemongrass and vetiver varied across the five dilutions and
inhibitory procedures. Lemongrass EO displayed a strong,
(10-80%) and

exhibited antioxidant activity comparable to a-tocopherol.

dose-dependent antioxidant potential
Its effect was more pronounced with the ABTS assay than

with DPPH.

Vetiver EO, however, showed negligible antioxidant
activity compared with lemongrass and Vitamin E in both
assays. The percentage of relative anti-inflammatory
potential differed by assay type—MPO or SIEFFED. The
activity of a-tocopherol was detectable in the MPO test but
almost absent in the SIEFFED assay. At high concentrations,
EOs exhibited anti-
inflammatory effects greater than Vitamin E. Lemongrass

both lemongrass and vetiver

EO demonstrated both strong antioxidant and anti-
EO was
predominantly anti-inflammatory. The trial was conducted

inflammatory  properties, while vetiver

on two separate occasions.

Avosch et al. (2015) demonstrated that citral content is a key
determinant of citronella EO quality. Several studies have
also confirmed the antioxidant properties of these oils. Kim
et al. (2005) showed that EOs possess free radical
scavenging activity comparable to standard antioxidants

such as butylated hydroxytoluene (BHT) and a-tocopherol.
At 10 pg/mL, the EO dissolved in methanol exhibited
significant DPPH free radical scavenging activity. Zahoor et
al. (2018) reported that ethanolic extracts of C. zizanioides
root and C. citratus leaf exhibit a variety of antioxidant
activities, including oxidative reduction and superoxide
radical scavenging.

Subhadradevi et al. (2020) found that both species scavenge
free radicals and mitigate oxidative stress, acting as natural
antioxidant sources. Samaan et al. (2022) observed overall
antioxidant capacities of 75% at 0.1 mg/mL. Figueirinha et
al. (2010) confirmed that C. citratus and C. zizanioides are
globally recognised for such properties, though their
precise anti-inflammatory mechanisms remain unclear.
Veraetal. (2013) demonstrated that these EOs possess nitric
oxide (NO) scavenging activity —important since NO,
produced by activated inflammatory cells, plays a key role
in acute and chronic inflammation.

Citral, one of the active compounds, has been identified as
a potential anti-obesity and antidiabetic agent (Hasani-
Ranjbar et al., 2009). However, despite its low acute toxicity,
citral is an irritant and known skin sensitiser. Studies have
shown that it can induce DNA damage in human cell
cultures and developmental toxicity in animals at high
doses (Anna Souza et al., 2020). Therefore, citral use should
be approached cautiously due to its potential genotoxicity,
particularly after metabolism by hepatic enzymes.

CONCLUSION

This study confirmed that lemongrass and vetiver species
cultivated in Kisangani contain bioactive components in
sufficient quantities and possess distinct chemical profiles
that confer commercial value, comparable to those of
species marketed globally. Further cultivation and
extraction studies are recommended to enhance EO yield
and to evaluate their therapeutic potential in inflammatory

diseases, with particular attention to toxicity patterns.

Author Contributions: RNA, JMK, PLKTT, AMM, MG, FT, JMK, DIK,
MG, JKN, MF, RMD - all authors read and approved the final manuscript.

Acknowledgements: The authors thank Henock Agbande Malete, Michels
Fanck, and Francis Adrien for their contributions to this research. Special
thanks also go to Hélene Mavar Manga for granting access to the Mavaolo
garden.

Ethical Approval: Nil required. However, authorisation to conduct the
research was obtained from the University of Kisangani authorities as part

Orapuh | orapj.orapuh.org

https://dx.doi.org/10.4314/orapj.v6i11.106



https://orapj.orapuh.org/

Ndezu et al., Orapuh Journal 2025, 6(11), 1306

Chemical composition, antioxidant, and anti-inflammatory activities of essential oils
from Cymbopogon citratus (DC.) Stapf and Chrysopogon zizanioides (L.) Roberty
cultivated in Kisangani, Northeastern Region of the Democratic Republic of the Congo

of the requirements for a master’s degree in the Department of Pharmacy,
Faculty of Medicine and Pharmacy.

Conflicts of Interest: None declared.

ORCID iDs:

Ndezu, A. R.%: Nil identified
Mbinze, K. J.%: Nil identified
Taguimjeu, P. L. K. T.%: Nil identified
Mouithys, M. A.“% Nil identified
Maxime, G.%: Nil identified
Thierry, F.% Nil identified
Mankulu, K. J.%: Nil identified
Ive, K. D.% Nil identified
Genva, M.>: Nil identified
Kadima, N. J.*: Nil identified
Fauconnier, M.-L.%: Nil identified
Marini, D. R.*¢: Nil identified

Open Access: This original article is distributed under the Creative
Commons Attribution Non-Commercial (CC BY-NC 4.0) license. This
license permits people to distribute, remix, adapt, and build upon this
work non-commercially and license their derivative works on different
terms, provided the original work is properly cited, appropriate credit is
given, any changes made are indicated, and the use is non-commercial.
See: https:/ /creativecommons.org/licenses/by-nc/4.0/.

REFERENCES

Amoah, A.S., Pestov, N. B., Korneenko, T. V., Prokhorenko,
I. A, Kurakin, G. F, & Barlev, N. A. (2024).
Lipoxygenases at the intersection of infection and
carcinogenesis. International Journal of Molecular
Sciences, 25(7), 3961.
https:/ /doi.org/10.3390/ijms25073961

Ana, C., Souza, S., Lais, K., Thais, S., Queiroz, B., Eduardo,
S., Clélia, A., Hiruma, L., Isabel, O., Gaivao, M., &
Edson, L. (2019). Citral presents cytotoxic and

genotoxic effects in human cultured cells. Drug and

Chemical Toxicology, 43(4), 435-440.

https:/ /doi.org/10.1080/01480545.2019.1585445
Attokaran, M. (2011). Natural food flavors and colorants (pp.

333-335). Wiley.
https://doi.org/10.1002/978047095915

Avosch, O. (2015). Cymbopogon species:
Ethnopharmacology, phytochemistry and the

pharmacological importance. Molecules, 20, 7438-
7453. https:/ /doi.org/10.3390/ molecules20047438
Bansod, S., & Rai, M. (2008). Antifungal activity of essential
oils from Indian medicinal plants against human

pathogenic Aspergillus fumigatus and A. niger. World
Journal of Medical Sciences, 3(2), 88-92.

Ben-Moussa, M. T., Khaled, K., Hassina, H., Samia, L., &
Youcef, H. (2020). Composition chimique, activité

I'huile
essentielle de Brocchia cinerea Vis. d”Algérie. Batna
Journal of Medical Sciences, 7(2), 122-128.

Blois, M. S. (1958). Antioxidant determinations by the use
of a stable free radical. Nature, 181, 1199-1200.
https:/ /doi.org/10.1038 /1811199a0

Borive, A., Frederich, M., Jansen, O. Memvanga, B.,
Bonnet, O., Batina, A., Mouithys, A., Allison, L., &
Marini, R. (2025). Phytochemical characterization

antimicrobienne et antioxydante de

of Hibiscus tiliaceus L. leaves and evaluation of their
antisickling, antioxidant, and anti-inflammatory
activities. Molecules, 30, 1765.
https:/ /doi.org/10.3390/ molecules30081765
Bourgou, S, Rahali, F. Z., Ourghemmi, I., & Saidani Tounsi,

M. (2012). Changes of peel essential oil composition
of four Tunisian citrus during fruit maturation. The
Scientific World Journal, 2012, 528593.
https:/ /doi.org/10.1100/2012 /528593

Bourkhiss, M., Hnach, M., Paolini, J., Costa, J., Farah, A., &
Satrani, B. (2010). Propriétés antioxydantes et anti-

inflammatoires des huiles essentielles des
différentes parties de Tetraclinis articulata (Vahl)
Masters du Maroc. Bulletin de la Société Royale des
Sciences de Liege, 79, 141-154.

Champagnat, P., Figueredo, G., Chalchat, J., Carnat, A., &
Bessiere, J. (2006). A study on the composition of
commercial Vetiveria zizanioides oils from different
geographical origins. Journal of Essential Oil
Research, 18(4), 416-422.

Dinarello, C. A. (2010). Anti-inflammatory agents: Present
and future. Cell, 140(6), 935-950.
https:/ /doi.org/10.1016/j.cell.2010.02.043

Djousse, B. M., Nasse, F., Ngoune, H., Djoukeng, G.,
Leonel, W., Nono, H., Sogang, S., & Tangka, J. K.
(2022). Cameroon Journal of Biological and Biochemical

30(2), 121-133.
http:/ /www.camjournals.com

Figueirinha, A., Cruz, M., Francisco, V., Lopes, M., &

Sciences,

Batista, M. (2010). Anti-inflammatory activity of

Cymbopogon citratus leaf infusion in
lipopolysaccharide-stimulated  dendritic  cells:
Contribution of the polyphenols. Journal of

Medicinal Food, 13(3), 681-690.

Orapuh | orapj.orapuh.org

https://dx.doi.org/10.4314/orapj.v6i11.106



https://orapj.orapuh.org/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.3390/ijms25073961
https://doi.org/10.1080/01480545.2019.1585445
https://doi.org/10.1002/978047095915
https://doi.org/10.3390/molecules20047438
https://doi.org/10.1038/1811199a0
https://doi.org/10.3390/molecules30081765
https://doi.org/10.1100/2012/528593
https://doi.org/10.1016/j.cell.2010.02.043
http://www.camjournals.com/

Ndezu et al., Orapuh Journal 2025, 6(11), 1306

Chemical composition, antioxidant, and anti-inflammatory activities of essential oils
from Cymbopogon citratus (DC.) Stapf and Chrysopogon zizanioides (L.) Roberty
cultivated in Kisangani, Northeastern Region of the Democratic Republic of the Congo

Golmakani, M., & Moayyedi, M. (2015). Comparison of
heat and mass transfer of different microwave-
assisted extraction methods of essential oil from
Citrus limon (Lisbon variety) peel. Food Science &
Nutrition, 3(6), 506-518.
https:/ /doi.org/10.1002/fsn3.234

Hammam, K., Amer, A., & Noreldin, T. (2019). Vetiver
(Vetiveria zizanioides L.) yield and its water use

efficiency affected by different plant populations
under reclaimed soil conditions. Journal of Medicinal
Plant Research, 7(5), 126-134.

Hartatie, 1., Prihartini, W., Widodo, A., & Wahyudi, A.
(2019).
(Cymbopogon citratus) essential oil from different

Bioactive compounds of lemongrass
plant parts and distillation methods as natural
antioxidants in broiler chicken meat. IOP Conference
Series: Materials Science and Engineering, 532(1),
012018. https:/ /doi.org/10.1088 /1757-
899X/532/1/012018

Hasani-Ranjbar, S., Neda, N., Bagher, L., & Mohammad, A.

(2009). A systematic review of the efficacy and

safety of herbal medicines used in the treatment of
obesity. World Journal of Gastroenterology, 15(25),
3073-3085. https:/ /doi.org/10.3748 /wjg.15.3073
Himed, L., Merniz, S., Monteagudo-Olivan, R., Barkat, M.,
& Coronas, J. (2019). Antioxidant activity of the
essential oil of Citrus limon before and after its

encapsulation in amorphous SiO,. Scientific African,
6, e00181.
https:/ /doi.org/10.1016/j.sciaf.2019.e00181
Kadarohman, A., Dwiyanti, G., & Kadarusman, E. (2014).
Quality and chemical composition of organic and

non-organic vetiver oil. Indonesian Journal of
Chemistry, 14(1), 43-50.
https:/ /doi.org/10.22146/1jc.21266

Kanko, C., Sawaliho, B. E.,, Kone, S., Koukoua, G., &
N'Guessan, Y. T. (2004). Ftude des propriétés
physico-chimiques des huiles essentielles de Lippia

multiflora, Cymbopogon citratus, Cymbopogon nardus,
Cymbopogon giganteus. Comptes Rendus Chimie, 7(9-
10), 1039-1042.
https://doi.org/10.1016/4.crci.2003.12.030
Khasanah, L., Ariviani, S., Purwanto, E., & Praseptiangga,

D. (2025). Chemical composition and citral content
of essential oil of lemongrass (Cymbopogon citratus

(DC.) Stapf) leaf waste prepared with various
production methods. Journal of Agriculture and Food
Research, 19, 101570.
https:/ /doi.org/10.1016/4.jafr.2024.101570

Kim, H., Chen, F., Wang, X., Chung, H., & Jin, Z. (2005).
Evaluation of antioxidant activity of vetiver

(Vetiveria zizanioides L.) oil and identification of its
antioxidant constituents. Journal of Agricultural and
Food Chemistry, 53(20), 7691-7695.
https:/ /doi.org/10.1021/if050833e

Lunz, K., & Stappen, 1. (2021). Back to the roots: Overview
of the chemical composition and bioactivity of

selected essential oils from roots. Molecules, 26(10),
3155. https:/ /doi.org/10.3390/molecules26103155
Miora, R. (2018). Caractérisation chimique et biologique de trois
huiles essentielles répulsives issues de la biodiversité
régionale contre [’'alphavirus Ross River [Doctoral
thesis, Université de la Réunion]. HAL Theses.
https:/ /theses.hal.science / tel-01910886v1
Oliveira, T., Vieira, T., Esperandim, V., Martins, C,
Magalhdes, L., Miranda, M., & Crotti, A. (2022).
Antibacterial, antiparasitic, and cytotoxic activities

of chemically characterized essential oil of
Chrysopogon zizanioides roots. Pharmaceuticals, 15(8),
967. https:/ /doi.org/10.3390 / ph15080967

Pandey, A. & Tiwari, S. (2024). A review on chemical
composition, oil quality, and bioactivity of vetiver

essential oil. Indian Journal of Pharmaceutical
86(4).
https:/ /www.ijpsonline.com/articles/a-review-

Sciences,

on-chemical-composition-oil-quality-and-

bioactivity-of-vetiver-essential-0il-5597.html
Ram, M., Ram, D., & Roy, S. K. (2003). Influence of organic
mulching on fertilizer nitrogen use efficiency and

herb and essential oil yields in geranium
(Pelargonium  graveolens). Bioresource Technology,
87(3), 273-278. https://doi.org/10.1016/5S0960-
8524(02)00234-5

Re, R, Pellegrini, N., Proteggente, A., Pannala, A., Yang,
M., & Rice-Evans, C. (1999). Antioxidant activity

applying an improved ABTS radical cation

decolorization assay. Free Radical Biology and
Medicine, 26(9-10), 1231-1237.
https://doi.org/10.1016/50891-5849(98)00315-3

Orapuh | orapj.orapuh.org

https://dx.doi.org/10.4314/orapj.v6i11.106



https://orapj.orapuh.org/
https://doi.org/10.1002/fsn3.234
https://doi.org/10.1088/1757-899X/532/1/012018
https://doi.org/10.1088/1757-899X/532/1/012018
https://doi.org/10.3748/wjg.15.3073
https://doi.org/10.1016/j.sciaf.2019.e00181
https://doi.org/10.22146/ijc.21266
https://doi.org/10.1016/j.crci.2003.12.030
https://doi.org/10.1016/j.jafr.2024.101570
https://doi.org/10.1021/jf050833e
https://theses.hal.science/tel-01910886v1
https://doi.org/10.3390/ph15080967
https://www.ijpsonline.com/articles/a-review-on-chemical-composition-oil-quality-and-bioactivity-of-vetiver-essential-oil-5597.html
https://www.ijpsonline.com/articles/a-review-on-chemical-composition-oil-quality-and-bioactivity-of-vetiver-essential-oil-5597.html
https://www.ijpsonline.com/articles/a-review-on-chemical-composition-oil-quality-and-bioactivity-of-vetiver-essential-oil-5597.html
https://doi.org/10.1016/S0960-8524(02)00234-5
https://doi.org/10.1016/S0960-8524(02)00234-5
https://doi.org/10.1016/S0891-5849(98)00315-3

Ndezu et al., Orapuh Journal 2025, 6(11), 1306

Chemical composition, antioxidant, and anti-inflammatory activities of essential oils
from Cymbopogon citratus (DC.) Stapf and Chrysopogon zizanioides (L.) Roberty
cultivated in Kisangani, Northeastern Region of the Democratic Republic of the Congo

Samaan, M., Ebid, M., & Thabet, M. (2022). GC-MS analysis,
antioxidant capacity, and antimicrobial activity of
Vetiveria zizanioides essential oil cultivated in
northern Egypt. Journal of Plant Production, 13(9),
699-704.
https:/ /doi.org/10.21608/ipp.2022.147290.1138

Silou, T., Bikanga, R., Nsikabaka, S., Nombault, L.,
Mavoungou, C., Figueredo, G., & Chalchat, J. C.
(2017). of the Plateau des
Cataractes (Congo Basin): Characterization of the

Aromatic plants

chemotype of Cymbopogon nardus (L.) Rendle
essential oil acclimated in Congo-Brazzaville.
Biotechnologie, Agronomie, Société et Environnement,
21(2). https:/ /doi.org/10.25518 /1780-4507.13727
Subhadradevi, V., Asokkumar, K., Umamaheswari, M.,
Sivashanmugam, A., & Sankaranand, R. (2010). In
vitro antioxidant activity of Vetiveria zizanioides root

extract. Tanzania Journal of Health Research, 12(4),

265-271.

https:/ /doi.org/10.4314 /thrb.v12i4.59314
Taguimjeu, P. L. K. T,, Fongang, Y. S. F,, Genva, M,,

Shinyuy, L. M., Held, ]., Frederich, M., Ngouela, S.

A., & Fauconnier, M.-L. (2025). Antiplasmodial

activity of a new chemotype of Croton sylvaticus

Hochst. ex C. Krauss essential oil. International
Journal — of  Molecular  Sciences, 26(2), 858.
https:/ /doi.org/10.3390/1iims26020858
Tchoumbougnang, F., Dongmo, P. M., Sameza, M. L.,
Mbanjo, E. G., Fotso, G. B., Zollo, P. H., & Menut,
C. (2009). Larvicidal activity on Anopheles gambiae

Giles and chemical composition of essential oils
extracted from four plants cultivated in Cameroon.
Biotechnology, Agronomy, Society and Environment,
13(1), 77-84.

Vangu, P. G., Mobambo, K. N., Omondi, B. A., & Staver, C.
(2023). Evaluation des performances du plantain en
systémes de cultures associées pérennes en zone
savanicole au Kongo central en République
Démocratique du Congo. International Journal of
Biological and Chemical Sciences, 17(4), 1443-1455.
http:/ /www.ifedg.org

Vera, F.,, Gustavo, C., Figueirinha, A., Carla, M., Paulo, P.,
Bruno, M., Lopes, M., Carmen, G., Cruz, M., &
Batista, M. (2013). Anti-inflammatory activity of
Cymbopogon citratus leaf infusion via inhibition of

the proteasome pathway and nuclear factor-xB:
Contribution of chlorogenic acid. Journal of
Ethnopharmacology, 148(1), 126-134.
https:/ /doi.org/10.1016/1.jep.2013.03.077

Wahyu, W., Andani, P.,, Hamzah, R,, Seila, A., Ervi, A.,
Hanna, S., Dwi, D., Hayatun, N., & Annisa, A.
(2017). Antioxidant and antiaging assays of

Hibiscus sabdariffa extract and its compounds.
Journal of the Korean Society for Applied Biological
Chemistry.
https:/ /synapse.koreamed.org/articles /1060665
Wannissorn, B., Jarikasem, S., Siriwangchai, T., &
Thubthimthed, S. (2005). Antibacterial properties of
from Thai plants.
Fitoterapia, 76(2), 233-236.
https:/ /doi.org/10.1016/].fitote.2004.11.017
Yanto, E., Agustian, E., & Sulaswatty, A. (2016). Simple
purification of vetiver oil by multiglass plate

essential oils medicinal

system for quality improvement. Indonesian Journal
of  Applied Chemistry, 18(2), 106-124.
https:/ /doi.org/10.14203 /ikti.v18i02.86

Zahoor, S., Shahid, S., & Fatima, U. (2018). Review of the
pharmacological activities of Vetiveria zizanoides

(Linn.) Nash. Journal of Basic and Applied Sciences, 14,
235-238. https:/ /doi.org/10.6000/1927-
5129.2018.14.36

Orapuh | orapj.orapuh.org

https://dx.doi.org/10.4314/orapj.v6i11.106



https://orapj.orapuh.org/
https://doi.org/10.21608/jpp.2022.147290.1138
https://doi.org/10.25518/1780-4507.13727
https://doi.org/10.4314/thrb.v12i4.59314
https://doi.org/10.3390/ijms26020858
http://www.ifgdg.org/
https://doi.org/10.1016/j.jep.2013.03.077
https://synapse.koreamed.org/articles/1060665
https://doi.org/10.1016/j.fitote.2004.11.017
https://doi.org/10.14203/jkti.v18i02.86
https://doi.org/10.6000/1927-5129.2018.14.36
https://doi.org/10.6000/1927-5129.2018.14.36

