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Abstract

Chrysomya megacephala, commonly known as Blow fly (latrine fly), thrives in human
settlements, breeding in decaying organic matter and posing a public health risk by transmitting
pathogens. This study examined the chemical composition and insecticidal efficacy of essential
oils (EOs) obtained from Citrus jambhiri peel and Eucalyptus globulus leaf, individually and
combined, against C. megacephala. EOs were extracted via hydro distillation using a Clevenger-
type apparatus and analyzed by gas chromatography-mass spectrometry (GC-MS). Contact
toxicity was assessed at doses of 0.03, 0.06, and 0.09 uL/cm?, with dimethyl sulfoxide (DMSO)
and Dichlorvos (DDVP) served as negative and positive controls, respectively. The repellency of
the EOs was tested at 0.06 and 0.13 pulL/cm?, with acetone as a negative control. Treatments were
replicated four times. Mortality was recorded at intervals up to 180 minutes after treatment
(MAT), while repellency was evaluated up to 120 MAT. GC-MS identified five, twenty -six and
seventeen major compounds in C. jambhiri peel, E. globulus leaf, and their mixture, respectively.
Citrus jambhiri contained D-limonene (94.48%) and moslene (3.32%), while E. globulus had
benzene (26.31%), spathulenol (15.69%), and a-pinene (6.86%) as major compounds. The EO
mixture predominantly contained D-limonene (53.51%), y-terpinene (22.63%), and myrcene
(17.85%). Both EOs exhibited significant (p < 0.05) toxicity against C. megacephala, with 100%
mortality at 120-180 MAT, similar to DDVP. Eucalyptus globulus EO showed superior
repellency (83.75% at 0.13 pL/cm?). The EO mixture demonstrated superior toxicity compared

with sole application, making these EOs promising alternatives for C. megacephala control.
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1. Introduction

Chrysomya megacephala (Diptera: Calliphoridae), commonly known as the oriental latrine fly or
blow fly, is a synanthropic pest with significant public health implications globally [1]. Due to
their feeding and reproductive behaviours, these blow flies serve as vectors for various
microorganisms and pathogens affecting humans by contaminating food [2, 3]. They frequently
infest and spoil products in meat, fish, and other animal-product industries, including slaughter
houses and storage facilities, such as damage to stockfish [4, 5, 6]. Moreover, its larvae are
associated with myiasis in both humans and animals, causing extensive damage and health
complications [ 8, 9]. As necrophagous decomposers, they are among the first colonizers of
animal carcasses, thus playing a role in decomposition [10]. Their close association with humans
and ability to transmit pathogens make C. megacephala a major threat to both public health and

animal welfare.

Effective control of C. megacephala populations is critical, and control methods include
synthetic insecticides [11, 12], biological control agents [13], and Integrated Pest Management
(IPM) approaches [14]. Although synthetic insecticides provide fast action, their persistent use



has led to pest resistance, environmental contamination, and adverse effects on non-target
species [15]. Increasing dosages has led to resistance that exacerbates these issues, impacting soil
fertility and bio-accumulation along the food chain [16]. Consequently, attention is shifting
toward eco-friendly botanical alternatives, particularly essential oils (EOs). The key
characteristics of EOs include their volatility, distinct aromatic profiles, and potential bioactivity
against insects, which have shown promising results as biopesticides with reduced environmental
impact [17,18,19]. Essential oils are complex blends of volatile compounds in different plant
parts, including leaves, flowers, bark, roots, and fruits [20]. They have been isolated from species
of different botanical families such as Asteraceae, Lamiaceae, Myrtaceae, Rutaceae, and
Verbenaceae [21]. They are advantageous for insect control, as they can be effective in low

concentrations without requiring direct contact with pests [22, 23].

Eucalyptus globulus, a member of the Myrtaceae family, is an aromatic medicinal plant with its
EO being traditionally used for treating respiratory infections and fevers [24, 25, 26]. The EO of
E. globulus was significant for its abundance of bioactive compounds, including phenolic acids,
flavonoids, and tannins, which contribute to its antioxidant, antimicrobial, and insecticidal
properties [27, 28, 29]. Similarly, Citrus jambhiri (Rutaceae) possess high amounts of bioactive
compounds which can influence human health, as, e.g. vitamin C, carotenoids (B-carotene),
flavonoids, etc. [30]. It possesses antioxidant, cardioprotective, anticarcinogenic, anti-allergic,
antiplatelet, antiviral, antibacterial anticancer and antifungal activities [31, 32]. It has
demonstrated fumigant repellency against storage pests [33, 34]. Studies have shown that the
chemical profiles of botanical EOs can vary significantly based on factors like plant origin,
environmental conditions, seasonal variation, effect of drying and harvest time, which may affect

their efficacy [35, 36].

Despite prior studies on the insecticidal properties of E. globulus leat and C. jambhiri peel EOs,
research on the effectiveness of their single and combined application against C. megacephala is
scarce. This study aims to characterize the chemical composition and assess the toxicity and
repellency of EOs extracted from E. globulus leaves and C. jambhiri peel, individually and in

combination, to provide an eco-friendly alternative for controlling C. megacephala.

2.0 Materials and Methods



This study was conducted in the Crop and Environmental Protection Laboratory and the Insect
Rearing Shed of the Department of Crop and Environmental Protection, Ladoke Akintola
University of Technology (LAUTECH), Ogbomoso, Nigeria.

2.1 Insect Culture

The C. megacephala culture was established at the Insect Rearing Shed, Department of Crop and
Environmental Protection, LAUTECH, Ogbomoso. Fresh poultry (layer) feces were collected
from MAUD Poultry Farm, Stadium Area, Ogbomoso. Approximately 1 kg of the fecal sample
was collected in a 15 x 60 cm rectangular plastic bowl with a netted opening for aeration. This
culturing medium was set up in four replicates. Neonate larvae were monitored under ambient
laboratory conditions (28+20°C temperature and 72+4% relative humidity) and maintained until
pupation and adult emergence. The adults were authenticated by taxonomic verification at the
Insect Collection Museum, Department of Crop Protection and Environmental Biology,
University of Ibadan, Ibadan, Nigeria. Cultures were maintained by adding approximately 0.5 kg
faecal samples from MAUD Farm on biweekly basis. Third-instar larvae were subsequently

selected, rinsed with distilled water to remove adhered faecal matter, and prepared for bioassays.
2.2 Procurement of plant materials and extraction of essential oils

Fresh leaves of Eucalyptus globulus were collected from the University of Ilorin Campus, Ilorin,
Kwara State, Nigeria (coordinates 8.4799°N and 4.5418°E ), and Citrus jambhiri peels were
obtained from Oje Market, Ibadan, Oyo State, Nigeria (7.3881°N and 3.9069°E.). Plant samples
were authenticated at the Botany Unit, Department of Pure and Applied Biology, LAUTECH,
Ogbomoso. Essential oils were extracted by hydro distillation using the Clevenger apparatus. For
each plant material, 500 g of fresh ground sample was combined with 2 liters of distilled water in
a round-bottom flask, and hydro distillation was carried out for 3 hours [22]. The EOs were
collected in airtight sample bottles and stored in a refrigerator until use for the bioassay and

chromatographic analyistesting.

2.3 Chromatography procedure and identification of chemical constituents of the essential
oils



The chemical constituents of the EOs were analyzed using Gas Chromatography-Mass
Spectrometry (GC-MS), following an established technique for EO profiling and compound
identification [34]. In this procedure, a 1.0 pL sample of EO was injected into the GC-MS
system, equipped with a high-resolution capillary column (Optima 5 MS) suited for separating
volatile compounds [22]. The GC oven temperature was programmed to begin at 60°C, followed
by a heating ramp of 10°C per minute up to 180°C, which was held for 2 minutes to allow
separation of lower-boiling components. The temperature was then increased by 15°C per minute
to 280°C, with a 4-minute hold at this final temperature to higher-boiling compounds [22]. The
injector and interface temperatures were set at 250°C, ensuring efficient vaporization and

transfer of the EO sample from the gas chromatography to the mass spectrometer.

The MS was operated in electron impact (EI) ionization mode at 70 eV, which is widely applied
for organic compound analysis [38]. The ion source temperature was maintained at 200°C, with
the detector covering a scan range of 400—700 m/z in full-scan mode, providing comprehensive
spectra for compound identification [18]. Identification of the components was achieved by
comparing the retention indices and mass spectra of each compound against those in the National
Institute of Standards and Technology (NIST) mass spectral library and the literature [39].
Retention indices were calculated relative to an n-alkane homologous series, which provides
reliable data on compound retention behavior under the same chromatography conditions [40].
Each compound with the highest similarity index (SI) to an authentic reference in the NIST
database was accepted as the identified component for that spectrum. The relative concentrations
of identified compounds were determined by peak area normalization based on the total ion
chromatogram (TIC). Peak areas were expressed as a percentage of the total TIC, providing a
quantifiable composition profile for each essential oil without correction factors [41, 42]. This
normalization method facilitates the comparison of essential oil profiles and their potential

biological activities.

2.4 Toxicity bioassay of essential oils of Eucalyptus globulus leaf and Citrus jambhiri peel
against Chrysomya megacephala larvae

To assess the toxicity of essential oils from Eucalyptus globulus leaves, Citrus jambhiri peels,

and their 1:1 (v/v) mixture against C. megacephala larvae, bioassays were conducted using Petri

dishes (9 cm diameter) as exposure chambers. Three doses of EO (2, 4, and 6 uL) were prepared,



corresponding to surface concentrations of 0.03, 0.06, and 0.09 pL/cm?, respectively. Each dose
was dissolved separately in 0.2 mL of dimethyl sulfoxide (DMSO), which was applied to the
bottom of the Petri dish using a micro-applicator to ensure even distribution. Control treatments
included a negative control (0.2 mL of DMSO without essential oils) and a positive control
Dichlorvos (DDVP). The positive control, Dichlorvos, was diluted in distilled water and applied
at concentrations equivalent to those used for the essential oils (0.03, 0.06, and 0.09 uL/cm?).
After the treatments, each Petri dish was allowed to sit for 2 minutes before introducing twenty
(20) third-instar larvae in the dish. Each bioassay was replicated four times for statistical
reliability. Mortality determination was done 10, 30, 60, 90, 120, 150, and 180 minutes after
treatment (MAT). Larvae that exhibited no movement and failed to respond to a gentle probe

with the blunt end of a pencil showed death.

2.5 Repellency bioassay of essential oils from Citrus jambhiri peel and Eucalyptus globulus
leaf against Chrysomya megacephala larvae

To evaluate the repellency of EOs from C. jambhiri peel and E. globulus leaf against C.
megacephala, an area preference test was conducted following the methodology established [33].
We utilized 9 cm-diameter Petri dishes, in which the EOs were formulated by dissolving the oils
in acetone at concentrations of 0.06 pL/cm? and 0.13 pL/cm?, with a total volume of 0.5 mL per
solution. Half of a Whatman No. 1 filter paper was treated with acetone only, serving as a control
in the experimental setup. The other half of the filter was filled with the EOs solutions. Both
halves were allowed to dry for 10 minutes to ensure complete evaporation of the acetone before
being placed at the bottom of each Petri dish. Twenty-third-instar larvae were kept at the center
of the filter paper disc, and the Petri dishes were covered to prevent escape. Replication for each
treatment was done four times to ensure statistical reliability. After 30, 60, 90, and 120 minutes,

the treated and untreated larvae on the filter paper were estimated.

Percentage repellency (PR) was estimated using the formula:

PR =(Nc - Nt/ Nc + Nr) x 100
Where Nc = number of larvae on untreated disc

Nt =Number of larvae on treated disc.



2.6 Experimental design and data analysis

The experimental design was completely randomized design. Before analysis, data were
subjected to arc-sine transformation. Thereafter, they were subjected to analysis of variance
(ANOVA). Significant means were separated using Tukey’s Honestly Significant Difference
(HSD) at a 5% significant level. All data analyses were carried out using the SPSS Software
2020 Version.

3.0 Results

3.1 Chemical composition of Citrus jambhiri peel essential oil

The EO extracted from C. jambhiri peel was analyzed using GC-MS, revealing that
monoterpenes were the primary chemical group. Five major compounds were identified. D-
limonene was the most abundant chemical compound, accounting for 94.4% of the oil's total
composition. Others are: moslene (3.32%), cyclohexene (1.1%), cyclofenchene (0.64%), and B-
terpinene (0.46%) (Table 1).

3.2 Chemical composition of Eucalyptus globulus leaves essential oil

The EO from E. globulus leaf contained a more diverse profile, identifying twenty-six
compounds. The chemical group consisted of monoterpene (39.63%), oxygenated monoterpene
(13.09%), sesquiterpene (11.59%), Oxygenated Sesquiterpene (29.61), and others (6.02) making
a total of 96.44%. The major compounds were o-cymene (26.31%), spathulenol (15.09%), a-
pinene (6.83%), cyclopentanone (6.00%), virideflorol (5.61%); globulol (5.04%), with other

minor compounds as presented in Table 2.

3.3 Chemical composition of a mixture of Citrus jambhiri peel and Eucalyptus globulus leaf
essential oil (EO)

The chemical composition of the mixture of the EO from C. jambhiri peel and E. globulus leaf
showed sixteen significant compounds. The chemical groups of the compounds consisted of
monoterpene (97.18%), oxygenated monoterpene (1.63%), and sesquiterpene (0.15%), with a
total of 98.96%. The major monoterpenes identified were D-limonene (53.51%), y-terpinene
(22.63%), and myrcene (17.84%). Other monoterpenes, including B-thujene (0.05%), P-
phellandrene (1.04%), and B-pinene (0.99%), were present in lower quantities. Additionally,



oxygenated monoterpenes, represented solely by terpinen-4-ol (1.63%), and oxygenated

sesquiterpenes, with a minor presence of globulol (0.09%) were also detected. Caryophyllene

(0.15%) was the sesquiterpene identified in the mixed EO (Table 3).

Table 1: Chemical compounds identified in the essential oil of Citrus jambhiri peel

S/N Retention Retention Compound Formul Chemical Mode of
time index name Composition a group identification

1 5.119 729 Cyclofechene 0.64 CioHis Monoterpene GC-MS R1

2 5579 964 Cyclohexene 1.10 CioHis Monoterpene GC-MS R1

3 5.633 993 -beta-terpinene 0.46 CioHis Monoterpene GC-MS R1

4 6310 1018 D-Limonene  94.48 CioHis Monoterpene GC-MS R1

5 6.712 998 Moslene 3.32 CioHis Monoterpene GC-MS R1

Summary: Monoterpene — 99.98%

GCMS-RI: Gas Chromatography-Mass Spectrometry Retention Index



Table 2. Chemical Compound identified in the essential oil of Eucalyptus globulus leaf

S/N Retention time |Retention index (Compound name |% Composition Formula Mode of identification
1. 5.017 902 3-thujene 2.13 CioHie GC-MS R1
2. 5.108 729 a-pinene 6.83 CioHis GC-MS R1
3. 6.183 2139 0-Cymene 26.31 CioH14 GC-MS R1
4. 8.236 1119 1-terpineol 2.77 CioH1a GC-MS R1
5. 8.411 1143 terpinol, alpha 1.23 CioH1s0 GC-MS R1
6. 8.754 1064 2-ethyl-2-hexenal 0.99 C7H1002 GC-MS R1
7. 8.958 1463 2-methyl-propione acid 1.45 CoH1403 GC-MS R1
8. 9.133 1130 2-Isopropyl-5methyl 1.64 CoH1602 GC-MS R1
9 9.849 1745 6-(2,6-dimethylhapty 3.23 Ci5H260 GC-MS R1
10 9.953 1745 cyclopantanone 6.00 Ci15H2602 GC-MS R1
11 10.929 1184 1-benzy(4-nmyl(2Z) 2.06 Ci2H200 GC-MS R1
12 11.333 1419 IH-cycolprol(e) azuel 0.50 CisHo4 GC-MS R1
13 11.673 1386 alloaromedandrene 5.84 CisHoa GC-MS R1
14 11.903 1386 aromandendrene 2.56 CisHos4 GC-MS R1
15 12.283 1419 (+)-ledene 1.00 CisHoa GC-MS R1
16 12.973 1530 epiglobulol 0.57 Ci5sHa60 GC-MS R1
17 13.033 1530 virideflorol 5.61 CisHoa GC-MS R1
18 13.122 1536 spathuleneol 15.69 Ci15sH240 GC-MS R1
19 13.180 1536 (-) spathulenol 1.14 Ci5H240 GC-MS R1
20 13.232 1530 globulol 5.04 Ci5H260 GC-MS R1



21 13.392 1598 2-(4a,8-dimethy (2,3,4) 0.75

22 13.442 1536 (-) spathulenol 1.21
23 13.700 1518 a-issbolene 0.85
2 15.458 969 lp-mentha-1,5-diene 1.59

Ci5sH260

CisH240

CisHos
CioHis

GC-MS R1

GC-MS R1

GC-MS R1
GC-MS R1

Summary: Monoterpene -39.63%, Oxygenated Monoterpene — 13.09%, Sesquiterpene — 11.59%
Oxygenated Sesquiterpene — 29.61, others — 6.02  Total — 96.44%
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Table 3. Chemical compounds obtained from the mixture of essential oils of Citrus
jambhiri peel and Eucalyptus globulus leaf

Mode of
S/N Retention time Retention index Compound Name % Composition Formula Identification
1 5.03 873 B-thujene 0.05 CioHie GC-MS RI
2 5.567 964 B-homolene 1.04 CioHis GC-MS RI
3 5.808 943 B-pinene 0.99 CioHie GC-MS RI
4 6.183 1042 myrcene 17.84 CioHi4 GC-MS RI
5 6.335 1018 D-limonene 53.51 CioHie GC-MS RI
6 6.55 976 -ocimene 0.03 CoHi4 GC-MS RI
7 6.692 998 y-terpinene 22.63 CioHis GC-MS RI
8 6.877 948 dita 3-carene 0.6 CioHis GC-MS RI
9.
8.251 1137 terpinen-4-01 1.63 CioHi150 GC-MS RI
10 11.446 1494 caryophyllene 0.15 CisHos GC-MS RI
11 11.607 1430 a-bergamotene 0.2 CisHas GC-MS RI
12 11.7 1339 (+)-satrven 0.11 CisHo4 GC-MS RI
13 11.984 1490 a-guaiene 0.2 CisHz4 GC-MS RI
14 12.142 1515 germacrene 0.1 CisHosg GC-MS RI
15 12.298 1431 elixene 0.04 CisHas GC-MS RI
GC-MS RI
16 13.284 1530 globulol 0.09 Ci5H260

Summary: Monoterpene -97.18%, Oxygenated Monoterpene — 1.63%,
Sesquiterpene — 0.15%, Total — 98.96%
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Table 4: Contact toxicity of Citrus jambhiri peel essential oil against Chrysomya

megacephala larvae

Mean (%) mortality/Minutes After Treatment

Treatment 10 30 60 90 120 150 180
(uL/cm?)

0.03 2.50+ 0.56¢ 36.25+1.86bc 53.75+0.97bc 73.75+1.22bc 88.75+0.91ab 83.75+1.06ab 87.50+0.86b
0.06 33.75+1.35b50.00£1.31b 62.50+1.43b 80.00£1.28b 90.00+0.88a 98.75+0.39a 100.00+0.00a
0.09 36.25£1.28b 65.00+1.56ab 80.00+0.97ab 90.00+0.95a 93.75+0.88a 98.75+0.56a 100.00+0.00a
DMSO  0.00+£0.00c 0.00+0.00c  0.00+0.00c  0.00+0.00c  0.00+0.00c  0.00+0.00c  0.00+0.00a

Dichlorvos 100+0.00a  100.00+0.00a 100.00+0.00a 100.00+0.00a 100.00+0.00a 100.00+0.00a 100.00+0.00a

Values are means + SE of four replicates. Means with the same alphabets within the column are
not significantly different usingukey’s HSD Test (p<0.05)

3.4 Contact toxicity of Citrus jambhiri peel essential oil against Chrysomya megacephala
larvae

The EO of C., jambiri was toxic to C. megacephala larvae, and the toxicity was dose-dependent.
At the lowest concentration (0.03 pL/cm?), mortality increased gradually from 2.5% at 10
Minutes After Treatment (MAT) post-treatment to 88.75% at 120 MAT and progressed to 180
MAT, respectively. This indicates that this concentration induced moderate mortality over time.
The medium concentration (0.06 nL/cm?) showed more potent initial effectiveness, with 33.75%
mortality at 10 MAT and rose steadily, reaching 90% at 120 MAT and achieving 100% mortality
at 180 MAT. At dose of 0.09 uL/cm?, the EO had the most significant toxic impact. Beginning
with 36.25% (mortality at 10 minutes, it rose to 80% by 60 minutes and reached 90% at 90
minutes achieving 100% 180 minutes, which was at par with Dichlorvos. The DMSO (negative

control) showed 0% mortality across all time intervals (Table 4).
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3.5 Contact toxicity of FEucalyptus globulus leaf essential oil (EQ) against Chrysomya
megacephala larvae
The contact toxicity of E. globulus leaf EO against C. megacephala larvae was also dose-
dependent over the exposure period (Table 5). At 60 MAT, the EO concentrations of 0.09
pL/cm? induced significant larval mortality (85.00£1.50a) and 100% mortality from 90 MAT
(100.00+0.00a) to 180 MAT as DDVP. Also, 0.06 pL/cm? dose evoked 100% mortality from
120 MAT (100.00+0.00). In contrast, 0.03 pL/cm* evoked 100% mortality at 150 MAT
(97.50+0.56a) of C. megacephala, demonstrating toxicity levels comparable to those of
Dichlorvos, highlighting the potential of E. globulus leaf EO as an effective larvicidal agent

under different exposure (Table 5).
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Table S. Contact toxicity of essential oil of Eucalyptus globulus leaf against Chrysomya megacephala larvae

Treatment (uL/cm?)

0.03

0.06

0.09

DMSO

Dichlorvos

Mean (%) mortality/Minutes After Treatment (MAT)

10

17.50+0.63cd

27.50+0.56¢d

56.25+1.27b

0.00+0.00d

100.00+0.00a

30

28.75+0.73b

31.254+0.80b

62.50+1.44ab

0.00+0.00c

100.00£0.00a

60

50.00+0.82b

36.25+0.82b

85.00£1.50a

0.00+0.00c

100.00+0.00a

90

68.75+0.77b

50.00+0.94¢

100.00£0.00a

0.00+0.00d

100.00£0.00a

120

83.75+0.77b

100.00+0.00a

100.00£0.00a

0.00+0.00c

100.00£0.00a

150

97.50+0.56a

100.00+0.00a

100.00+0.00a

0.00+0.00b

100.00+0.00a

180

97.50+0.56a

100.00+0.00a

100.00+0.00a

0.00+0.00b

100.00+0.00a

Values are means + SE of four replicates. Means with the same alphabets within the column are not significantly different using
Tukey’s HSD Test (p<0.05)
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Table 6. Effect of Citrus jambhiri peel and Eucalyptus globulus leaf essential oil mixture against Chrysomya megacephala

Larvae
Treatment Mean (%) mortality/Minutes After Treatment (MAT)
(uL/cm?)

10 30 60 90 120 150 180

0.03 40.00+0.79b  51.25+0.73b 63.75+£0.39¢  77.50+0.39b 100.00+£0.00a  97.50+0.56a 97.50+0.56a
0.06 11.25+0.91c  40.00+0.96b 96.25+0.55a  100.00+0.00a  100.00+0.00a 100.00+0.00a  100.00+0.00a
0.09 85.00+10.80a  100.00+£0.00a  100.00+0.00a  100.00+£0.00a  100.00+£0.00a 100.00+0.00a  100.00+0.00a
DMSO 0.00+0.00c 0.00+0.00c 0.00+0.00c 0.00+0.00c 0.00+0.00c 0.00+0.00b 0.00+0.00b
Dichlorvos 100.00+0.00a  100.00+0.00a  100.00+0.00a  100.00+0.00a  100.00+0.00a 100.00+0.00a  100.00+0.00a

Values are means + SE of four replicates. Means with the same alphabets within the column are not significantly different
using Tukey’s HSD Test (p<0.05)
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3.6 Toxicity of Citrus jambiri peel and Eucalyptus globulus leaf essential oil
mixture against Chrysomya megacephala larvae

The combined application of EOs from C. jambhiri peel and E. globulus leaf
demonstrated more toxicity than the single EO application. At 10 MAT, a 0.09
puL/cm? concentration induced 100% mortality. Similarly, at 30 MAT, 0.06 pL/cm?
produced results that were not significantly different from Dichlorvos (DDVP), which
caused 100% mortality. At 120 MAT, 0.03 pL/cm? also achieved 100% mortality of C.
megacephala. The mixture of the EOs applied at 0.09 pL/cm? elicited the highest
larval mortality and effectively competed with DDVP at 10 MAT (Table 6).

3.7 Repellency of Citrus jambhiri peel and Eucalyptus globulus leaf essential oils
against Chrysomya megacephala larvae

The result shows the toxicity of a sole application of C. jambiri and E. globulus
against C. megacephala. All tested doses displayed repellent activity against C.
megacephala at different time exposures. Application of the mixed EO at 6.6 uL/cm?
and 0.13 puL/cm? exhibited a repellence of 78.75, 62.50, 85.00, 68.75%, and 68.75,
78.75, 62.50, 52.50% at 30, 60, 90, and 120 MAT, respectively. At 30 and 60 MAT,
the 0.13 pL/cm? dose produced higher repellency than 0.06 pL/cm? though not
significantly different. At 90 and 120 MAT, 0.06 uL/cm? had higher repellency when
compared with 0.13 pL/cm? dose, still not significantly different (Figures 1 and 2).

The repellency of the mixture of C. jambhiri and E. globulus EO against C.
megacephala larvae showed that at 6.6 pL/cm? and 0.13uL/cm? the mixed EO
exhibited a repellency of 81.25, 80. 65.50, 52.50 and 100, 90, 91.25, and 91.25% at 30,
60, 90 and 120 MAT, respectively. The trend showed a decline in repellency with an

increase in exposure time (Figure 3).
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Figure 1. Repellency of Citrus jambhiri peel against Chrysomya megacephala
larvae
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Figure 2: Repellency toxicity of Eucalyptus globulus leaf essential oil against
Chysomia megacephala larvae
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Figure 3: Repellency of Citrus jambiri peel and Eucalyptus globulus leaf essential
oil mixture against Chysomia megacephala larvae

Discussion

In this study 5 compounds were observed from the C. jambhiri peel EO (D-limonene
(94.4%), moslene (3.32%), cyclohexene (1.1%), cyclofenchene (0.64%), and B-
terpinene (0.46%). The result is in contrast with [34] who reported 51 compounds in
C. jambhiri fruit peel EO, with o-terpineol (8.034%) -terpineol (6.52 %), n-
hexadecanoic acid (4.70 %), lemonol (7.67 %), citral (7.00 %), caryophyllene
(4.58 %), citronellol (4.38 %), B-bisabolene (4.01 %), a-bergamotene (3.74 %), and
Precocene I (3.33 %) as significant compounds. Also, another author [69 ] reported 25
compounds from the peel of C. jambhiri fruits by using two-dimensional GC-TOFMS
analysis with cis-linalool oxide (19.85 %), terpinene-4-ol (7.37 %), trans-linalool
oxide (furanoid) (14.86 %), and Limonene (4.64 %) were the main compounds of the
C. jambhiri fruit peel oil. Seventy compounds were identified in the peel oil of C.
jambhiri fruit, with B-bisabolene (4.52 %) and Limonene (60.81 %) as significant

compounds.

Despite variations in the compounds obtained by different authors, C. jambhiri peel
EO was dominated by D-limonene (94.48%) in this study, which aligns with findings
of other authors [43, 44], who observed higher D-limonene (>610%) concentration in

C. jambhiri peel EO. Similarly, previous authors [59] observed 92.48% D- limonene
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in C. jambhiri being the highest compound. Other major compounds identified in this

study have been reported in C. jambhiri obtained from around the globe [45].

Comparatively, E. globulus EO in this study contained 26 compounds. Monoterpene
39.63% was the highest, which is in agreement with the observation of [46] who
reported 99.2% of monoterpenes predominantly o-cymene (26.3%). Also, it is in
agreement with [47] who also identified 26 compounds in E. globulus leaf EO from
Algeria. The E. globulus EO was also characterized by other principal components,
such as spathulenol (15.69%) and alloaromadendrene (7.92%), aligning with the work
of [48]. A similar study in northern Nigeria by [49] observed fewer compounds but
with higher oxygenated monoterpene content, indicating geographical and
environmental influences on EO composition. The variations in the chemical
composition of the studied botanical EOs were attributed to chemotype, the studied
plant part, extraction methods, variety, geographical location and harvest time [50,

51].

However, the combination of the EOs of C. jambhiri and E. globulus yielded 17
compounds, predominantly monoterpenes (97.18%), with D-limonene (53.31%) as
the primary constituent, followed by gamma-terpinene (22.63%) and myrcene
(17.84%). These findings support previous work by [52], which noted the
predominance of monoterpenes in mixtures of C. jambhiri EOs. The main compounds
identified in the EOs were D-limonene in C. jambhiri and o-cymene in E. globulus,
both of which have established biological activity, including insecticidal and repellent

properties [53, 54, 55].

The toxicity of C. jambiri EOs showed that the highest concentration was able to
evoke 100% mortality of C. megacephala and compete with DDVP after 90 minutes
and progressed with the exposure period. This result is in agreement with previous
autors [34] who reported that the EO of C. jambhiri fruit rind was toxic
against Tribolium castaneum adults, and the toxicity was dependent on the applied
EO dose and progressed with exposure period throughout the experimental period. On
the other hand, E. globulous EO at the same concentration evoked the highest
mortality at 60 MAT, which agrees with earlier studies [56, 57] where E. globulous

EO demonstrated toxicity to larvae and pupae of Musa domestic. Also, the insecticidal
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activity of E. globulous against Oxycarenus lavaterae has been reported to be

dependent on the applied EO concentration [53].

The mixture of both concentrations caused the highest mortality at the highest dose
(0.09 pL/cm?) at 10 MAT, and the lowest concentration was able to evoke mortality at
150 MAT. This shows that the combination of the two oils evoked superior toxicity
against C. megacephala. Mixtures of C. jambhiri and E. globulus EOs demonstrated
higher toxicity through contact exposure, leading to effective mortality among C.
megacephala larvae and corroborating the earlier finding on the synergistic effect of
EO mixtures [58]. Furthermore, D-limonene, the dominant compound in C. jambhiri,
has been widely reported for its insecticidal properties [33]. In this study, combination
of both EOs produced better results than when either of them was used singly against
C. megacephala, In another assay combination of Rough lemon and Ponderosa lemon
produced better anti-inflammatory agents and showed substantial antimicrobial

activity against all tested Gram-positive bacteria and yeasts [59].

Both EOs were able to repel C. megacephala larvae at different times. Citrus jambhiri
and E. globulus EOs performed effectively against C. megacephala larvae but at
different dosages. This study agrees with [60], who reported that behavioral responses
of T. castaneum varied depending on the assay and the EO used, suggesting that
repellency can fluctuate over time and under different conditions. The mixture of the
EO demonstrated greater repellence at 0.13uL/cm? than at 6.6 pL/cm?. As the dosage
time increases, repellency reduces for both concentrations. This study agrees with [61]
that repellency effectiveness diminishes as time progressed. At a 333 pg/cm? dose, L.
camara and S. terebinthifolia exhibited repellency for up to 60 minutes against An.
Gambiae and S. terebinthifolia were effective for 120 minutes [61]. The repellent
property of the EOs establishes their potential for use to prevent the pest from

infesting a treated substrate.

Previous studies have documented the bioactivity of E. globulus EO, which has been
extensively studied for its insecticidal properties against various insect pests. The
primary active constituents of E. globulus include 1,8-cineole, a-pinene, and d-
limonene, which contribute to its efficacy [30]. On the other hand, C. jambhiri EO has

been noted for its toxicity against 7. castaneum [34]. The present study confirmed that
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E. globulus against C. megacephala is an eco-friendly alternative natural insecticides

[68].

Generally, EOs are known for their insecticidal activity due to the terpenoid
compounds. Several EOs have been reported against insect pests such as Rhodnius
prolixus, Sitophilus zamias and Tribolium castaneum [62, 63, 64, 65, 66] and other
pests of stored agricultural products [67]. In the present study, the comparison of the
bioactivity of the EOs with Dichlorvos, a synthetic insecticide, demonstrated earlier
efficacy. Though, Dichlorvos achieved earlier and higher mortality, it poses risks of
environmental toxicity and the potential for resistance development in target pests.
Essential oils, by contrast, provide a safer alternative with promising insecticidal
efficacy against C. megacephala. Since the combined EO exhibited comparative
toxicity with Dichlorvos at prolonged duration of treatment, it shows potential as
alternative to overdependence on the synthetic insecticide. The present study is the
first study on C. jambhiri and E. globulus against C. megacephala in Nigeria. With
the number of chemical compounds in the EOs, the tendency of C. megacephala to
develop resistance against the EOs is low.The study recommends the use of C.
jambhiri peel and E. globulus leaf EOs, as practical bio-insecticides against C.

megacephala.

Abbreviations
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E.O Essential Oil

E. globulus Eucalyptus globulus
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ANOVA Analysis of variance
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