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Abstract

Essential oils play a crucial role in biological control against parasites
threatening the beekeeping stock, both in Algeria and globally. Their ap-
propriate use helps reduce the adverse effects of chemical products on
human health and the environment. The purpose of this study is to ana-
lyze the components of Eucalyptus pauciflora essential oil grown in Alge-
ria and to evaluate its impact on the marine shrimp Artemia salina and
the mite Varroa destructor, while also comparing it to other species of
Eucalyptus from the same region namely, Eucalyptus robusta, globulus,
sideroxylon, and amygdalina, which have been examine in previous re-
search. Steam distillation of fresh leaves from Eucalyptus pauciflora
yielded 0.73% essential oils. This plant contains a total of thirty-nine
chemical compounds, among which the most significant are 1,8-cineole
(57.45%), B-cymene (5.44%), spathulenol (5.38%), trans-verbenol
(4.31%), and a-pinene (3.11%). Alethality test on brine shrimp (BSL) re-
vealed that Eucalyptus pauciflora exhibits toxicity with a median lethal
concentration (LC50) of 53.51 ppm. Field trials conducted on hives in-
fested with Varroa destructor showed that the acaricidal effect of Euca-
lyptus pauciflora is superior to that of amygdalina and sideroxylon spe-
cies, but inferior to that of globulus and robusta species, all sourced from
the same herbarium (Draa Naga) in northeastern Algeria. The results of
this research highlight the benefits of Eucalyptus essential oils to be inte-
grated into the formulation of natural acaricides that are environmen-
tally friendly to combat Varroa destructor infestation.
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1. Introduction

Originating from Australia, Eucalyptus is now present worldwide, with over 800 species. Its
ability to withstand various climatic conditions, including cold, and to grow in different types of
soils (dry, siliceous, calcareous, wet, clayey, salty or not, near or far from the sea) makes it a highly
adaptable plant (Bayle, 2017). Essential oils extracted from this group, which belongs to the Myr-
taceae family, offer numerous benefits, including antiseptic properties, effects on the respiratory
system, expectorant actions, and analgesic virtues (Shao et al.,, 2020; Sharifi-Rad et al., 2017). Fur-
thermore, several studies have highlighted their anti-inflammatory, antimicrobial, antioxidant,
and antiparasitic activities (Atmani-Merabet et al., 2018; Chaves et al,, 2018; Harkat-Madouri et
al,, 2015; Limam et al., 2020; Chandorkar et al,, 2021).

The medicinal properties of eucalyptus are primarily attributed to eucalyptol (1,8-cineole)
found in its leaves. This compound has been extensively studied for its numerous biological ac-
tions, including anti-inflammatory, antioxidant, antiseptic, chemotherapeutic, respiratory and
gastrointestinal disorder treatment (Cai et al., 2020; Dhakad et al., 2017). Furthermore, these es-
sential oils act as broad-spectrum antimicrobial agents. (Aldoghaim et al.,, 2018) and possess in-
secticidal properties (Abdelkhalek et al.,, 2020; Russo et al., 2018), making them useful as bio pes-
ticides in biological pest control. Bio pesticides derived from essential oils are characterized by
their low persistence, low toxicity to humans, and targeted action against pests (Hussein et al,
2021; Khedhri et al., 2020; Maris et al., 2022). Among the most concerning pests is Varroa destruc-
tor, a mite that parasitizes the honeybee Apis mellifera. This parasite causes significant economic
losses in the beekeeping industry and contributes to the decline of bee populations both in Algeria
and worldwide (Adjlane et al.,, 2017; Ahumada et al,, 2022; Atmani-Merabet, 2018; Bakar et al,,
2017; Bakar et al.,, 2019).

Algerian beekeepers are trying to combat this scourge by using various commercial acaricides,
but complete eradication of the mite remains difficult due to the emergence of resistance. A tradi-
tional beekeeping practice in Algeria involves combining conventional treatments with aromatic
plants, which enhances their effectiveness and prolongs their action. For instance, Eucalyptus
leaves are often used for fumigating the hives. Despite the numerous researchs conducted on the
acaricidal properties of eucalyptus essential oils, there are still gaps in understanding their effec-
tiveness and the mechanisms by which they act (Ahumada et al,, 2022; Bakar et al., 2019).

[tis in this context that our study is situated. The aim of this study is to conduct both qualitative
and quantitative analysis of the components of Eucalyptus pauciflora. We also aim to highlight the
acaricidal properties of Eucalyptus species cultivated in the Draa Naga herbarium, located in north
eastern Algeria. Furthermore, this study will highlight the importance of eucalyptus essential oil
as a natural solution to control this dangerous mite.

This work represents a preliminary step in a series of research efforts aimed at developing
new, more effective products to combat the growing resistance of Varroa to existing treatments.
It is crucial to note that all beekeepers face a major challenge: current treatments only target
phoretic varroa, while this parasite also develops inside the cells alongside bee nymphs. The ulti-
mate goal is to find a way to combat varroa within the cells while preserving the natural growth
of bee nymphs.

2. Equipment and techniques
2.1 Botanical resources
The leaves of Eucalyptus pauciflora (Ep) were collected from trees growing in "Draa Naga"

herbarium located in Djebel El Ouahch forest in Constantine region of northeastern Algeria.
The species was identified the taxonomist by Dr Bouzid Mosbah.
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2.2 Extraction of essential oil

Using a Clevenger device, steam distillation was used for six hours to extract plant oil from
fresh leaves. Anhydrous sodium sulfate was then used to rapidly dehydrate the oil, and it was kept
at 3°C until it was time for analysis.

2.3 GC/MS Analysis

Gas chromatography combined with mass spectrometry analysis (GC-MS) was carried out us-
ing an Agilent HP-5MS system, as detailed by the work of Atmani-Merabe et al (2018). Compounds
of interest were identified by comparison with mass data. These compounds were confirmed
against mass spectra obtained from the NIST-Wiley-MS library and validated by the Kovats index
on the HP-5MS column.

2.4 Toxicity of E. pauciflora

The toxicity of E. pauciflora essential oil was assessed utilizing the brine shrimp lethality test
(BSL) (Mac Laughlin et al., 1998). The A. salina eggs were incubated in a hatching chamber injected
with seawater and continuously exposed to artificial light and room temperature (average 27 °C).
Using a Pasteur pipette, the larvae were removed and counted after 48 hours. In a 100 mL volu-
metric flask, 100 mg of essential oil was diluted in 1.0 mL of DMSO to create a standard solution
of 1000 pg/mL. The capacity was then filled with saltwater. Using the standard solution, concen-
trations of 1000, 100, 10, and 1 pg/mL were created. Ten brine shrimp larvae were utilized for
each concentration, and they were put in flasks with a total capacity of five milliliters of seawater.
Each concentration's tests were conducted in triplicate. Ten brine shrimp larvae, 4.9 mL of sea
water, and 100 pL of DMSO were used to create a solution for the control group. The dead larvae
were counted and documented after a 24-hour period. To find the oil's LC50, the acquired data
were subjected to Finney's Probit analysis.

2.5 Acaricidal properties

The apiary where this experiment was carried out is situated in north eastern Algeria. Ran-
domly chosen were twelve Langsthroth-style hives infested with Varroa destructor (V. destructor).
Four lots, each with three hives, were created from these hives. According to the work of Atmani-
Merabet et al (2018) and Goswami (2014) treatments based on Eucalyptus pauciflora essential oil
(EpEO), thymol and the combination of EpEO+ thymol (v/v) at a rate of 1 ml/hive each week were
administered to batches 1 to 3. The control was batch 4, or untreated hives. The biological tech-
nique known as "raised diapers" or "covers background" is used. The purpose of this technique is
to locate and count the fallen mites. To find the dead varroa, diapers lubricated with vaseline are
first put within the hive, then taken out and closely inspected using a hand lens. Every two days
for 21 days, counting is done using this manner. The mortality means * standard deviation is used
to express the findings.

3. Result and discussion
3.1 Yield of E. pauciflora
In this study, 0.73% of Eucalyptus is extracted. It is higher than that observed in Tunisian spe-

cies, which is 0.25% (Ghazghazi et al., 2019). This yield is also very close to those of other species
collected in the same herbarium, namely E. amygdalina (0.77%), E. robusta (0.86%), E. globulus
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(0.96%), and E. sideroxylon (1.09%) (Atmani-Merabet, 2018; Danna et al., 2024) (Table 3). Fur-
thermore, it is comparable to the yields observed for various Eucalyptus species in Algeria, which
range from 0.22% to 2.53% (Boukhatem et al,, 2014; Harkat-Madouri et al., 2015).

However, according to the results from Filomeno et al (2016), the yields of Eucalyptus species
can vary from 0.26% to 6.07%. In this context, it is significant to remark in this regard that, in
comparison to these maximum values, the yields of E. pauciflora and the other species under study
appear to be comparatively low. This raises questions about the factors that could influence these
yields. Indeed, it is well established that the yield and quality of essential oils are affected by a
multitude of factors, both endogenous (such as the plant's genetics) and exogenous (such as envi-
ronmental conditions and extraction methods) (Bruneton, 1999 in Launay, 2017).

Thus, while the yield of E. pauciflora is higher than that of some Tunisian species and compa-
rable to other Eucalyptus species, it remains essential to further explore the specific conditions
that could optimize the extraction of essential oil. This analysis could not only enrich our under-
standing of yield variations but also contribute to more effective and sustainable extraction prac-
tice

3.2 Chemical composition

Thirty nine (39) compounds were found in Eucalyptus pauciflora by GC/MS analysis, empha-
sizing the presence of monoterpenes. (Figure 1, Table 1). Among these compounds, 1,8-cineole
stands out as the primary component, representing 57.45%, Subsequently, 3-cymene (5.44%), a-
pinene (3.11%), trans-verbenol (4.31%), spathulenol (5.38%), and terpineol (2.84%) were ob-
served. These results corroborate previous studies that emphasize the richness of bioactive com-
pounds in this plant, with 1,8-cineole acknowledged globally as a distinct indicator of eucalyptus
essential oils (Benabdesslem et al., 2020; Filomeno et al., 2016); Russo & Palacios, 2015; Sebei et
al,, 2015; Yones et al,, 2016). On the other hand, Filomeno et al (2016) found that the composition
of Brazilian Eucalyptus pauciflora essential oil differed, with a predominance of spathulenol
(22.6%), p-cymene (19.4%) and globulol (10.4%). The biological and pharmacological character-
istics of the essential oil may be significantly impacted by this difference, suggesting that environ-
mental and geographical conditions influence the chemical composition of essential oils (Khayyat
etal, 2018).

Comparatively speaking, E. pauciflora contains less 1,8-cineole than other species like E. ro-
busta (65.97%) and E. globulus (78.45%), but higher than that of E. sideroxylon (40.24%) and E.
amygdalina (35.78%), as indicated by data collected from the same herbarium (Table 3).

Finally, it is important to highlight that the Eucalyptus species from the Draa Naga herbarium
studied are classified as 1,8-cineole chemotypes. In compliance with the British Pharmacopoeia's
recommendations (Jordan, 2011), they can be used as insecticidal agents in the industry even if
they are not appropriate for use in therapeutic purposes. This analysis highlights not only the
chemical richness of Eucalyptus pauciflora but also its potential for application in various fields,
while emphasizing the importance of a thorough understanding of the variations in chemical com-
position according to geographical origins.
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Figure 1. E. pauciflora leaf essential oil chromatogram (A-B)

Table 1. E. pauciflora's chemical composition

Components % composition Kovats index
a-thujene 0.14 930
a-pinene 311 939
B-pinene 0.12 979
B-myrcene 0.35 991
1-phellandrene 0.33 1003
p-cymene 0.14 1025
m-cymene 5.44 1031
1,8-cineole 57.45 1030
6-terpinene 0.14 1047
Durol 0.14 1124
3-methyl Butylester 0.43 2388
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Continued Table 1
Components % composition Kovats index
D-fenchylalcool 0.35 1139
a-campholenal 0.12 1126
Trans-verbenol 4.31 1144
Pinocarvone 1.02 1165
Borneole 0.55 1166
4-terpineole 2.84 1177
Trans-p-mentha-1(7), 8-dien-2-ol 1.04 1185
Terpineol 1.92 1189
Myrtenol 0.22 1327
Phellandrene epoxyde 0.16 1190
Cis-piperitol 0.12 1208
Carveol 0.23 1217
Cis-p-mentha-1(7),8-dien-2-ol 0.74 1235
2-methyl-3-phenyl propanal 0.29 1244
Piperitone 0.14 1259
Phellandral 0.16 1273
Carvacrol 0.35 1317
Camphene 1.98 966
Tetradecene 0.14 1400
2,4-di-ter-butylphenol 0.39 1513
Epiglobulol 0.18 1569
Aromadendrene 0.39 1441
Spathulenol 5.38 1578
Globulol 2.76 1578
Viridiflorol 0.82 1593
[sospathulenol 0.29 1644
Octadecene 0.16 1795

KI: The Kovats index on the HP-5MS column.
(%) composition: The proportion of concentrations determined by integrating the peak area.

3.3 Essential oil toxicity (BSL)

The result of the lethality test of E.pauciflora essential oil (EpEO) on brine shrimp is presented
in Table 2. This test (BSL) revealed a CL50 value of 53.51 ppm which, according to Clarkson et al
(2004), indicates that E. pauciflora is highly toxic. This toxicity is similar to that reported in other
eucalyptus species in Algeria (Table 3) (Atmani-Merabet, 2018). It is also higher than that of E.
amygdalina (Table 3) (Atmani-Merabet et al., 2020) and E. citriodora, which is considered non-
toxic in Peru (Bussmann, 2011). It is significant to remember that in bioassays conducted on brine
shrimp to determine the toxicity of plant extracts, an LC50 value less than 1000 pg/mL is typically
regarded as bioactive (Clarkson et al., 2004).

Our results corroborate those of previous studies on various Eucalyptus species from the Draa
Naga herbarium, all of which recorded a CL50 below 1000 (Table 3). In conclusion, these results
highlight the significance of Eucalyptus pauciflora essential oil (EpEO) as a highly toxic agent for
brine shrimp, which could have significant implications for its use and management in aquatic
ecosystems. A comprehensive comprehension of this toxicity is necessary in order to evaluate the
possible hazards linked to the application of EpEO in diverse environmental contexts.
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Table 2. E. pauciflora essential oil lethality assay using brine shrimp

Dose [pg/ml] Number of tested shrimps ~ Number of dead shrimps LC50 [pg /mL]
1 40 13

10 40 18

100 40 24 53.51

1000 40 30

Table 3. Eucalyptus species yields, main components, toxicity, and acaricidal activity

Species Yields Components of EOs Toxicity Acaricidal activity
P (%) P (Artemia salina) (Varroa destructor)
1,8-cineole (65.97%),
p-cymene (7.83%), Highly toxic .
E.robusta 0.83 o-pinene (1.89%), (LC50=94 pg/mL) Very high effect
o-cymene (4.75%)
1,8-cineole (40.24%),
a-terpineol (2.07%) . .
E.sideroxylon 1.09  p-cymene (2.64%), Highly toxic High effect

a-pinene (2.19%), LC50=34.80 ug/mlL)

spathulenol (2.85%)

1,8-cineole (57.45%),
a-pinene (3.11%) Toxic

E-paucifiora0.73 1/ thulenol (5.38%), (LC50= 53.51 pg/ml) Hish effect
trans verbenol 4.31%),
B-cymene (5.44%),
1,8-cineole (78.45%)
g 0L Forri .
E. globulus 0.93 o-cymene (2.18%) isopi-  Toxic High effect

nocarveole (1.74%) (LC50=65.55 pg/mL)
a-pinene (1.69%) pino-
carvone (1.34%)

1,8-cineole (35.78%),
spathulenol (12.58%) Moderate
E.amygdalina 0.77  camphene (7.73%) (LC50=116.06 Moderate effect
a-pinene (4.38%) valen-  pg/mL)
cene (2.64%)

3.4 Acaricidal activity

Figure 2 shows the outcomes of the field acaricide efficacy testing conducted on Eucalyptus
pauciflora essential oil (EpEO). When compared to the control group, all infected hives that un-
derwent treatment had a notable decrease in the Varroa destructor population. The most effective
treatment to get rid of this ectoparasite was the combination of (Eucalyptus pauciflora essential
oil + thymol), in fact a significant difference was recorded between treatment with this combina-
tion and treatment with thymol (p = 0.04). In addition, a highly significant difference was noted
between treatment with this combination and treatment with Eucalyptus pauciflora essential oil
(p = 0.003). Nevertheless, there was no discernible difference between the EpEO and thymol
treaments. While thymol had a higher fallen Varroa value (34.37 + 6.56) than EpEO (15.41 + 2.74),
the difference between the two is not statistically significant (p = 0.06), which may be attributed
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to the considerable variability observed in the apiary. Our results corroborate those of other stud-
ies (Abu Bakar et al., 2017; Adjlane et al., 2016; Conti et al., 2020; Elsadi et al., 2024) that have also
highlighted the acaricidal potential of Eucalyptus essential oils against Varroa destructor.

While our study confirms previous findings, It highlights that thymol by itself is not as effective
at reducing the parasite population in apiaries as E.pauciflora essential oil (EpEO) and thymol
combined. It is noteworthy that there are currently three kinds of acaricidal compounds used to
fight infestations, each with a different mechanism of action: formamidine amitraze, organophos-
phate coumaphos, and pyrethroid insecticides (fluvalinate and flumethrin) (Mitton et al., 2022).
Regretfully, these chemicals are frequently present in honey and wax, endangering the health of
bees and tainting apiculture products meant for human use. Furthermore, excessive use of these
synthetic substances promotes the development of resistance in mites (Higes et al., 2020; Mitton
et al, 2022).

Our suggested method, which uses thymol and essential oils together, attempts to deal with
this resistance problem. The complexity of the composition of essential oils and their structural
diversity present a challenge for the parasite, making the development of resistance more difficult
(Khan et al., 2023). Furthermore, the majority of varroa therapies used in Algeria only include one
active ingredient, indicating that essential oils may be able to lessen the phenomena of resistance
due to their complex structure. Ultimately, the information gathered from this study opens the
door to additional investigation into the elements of eucalyptus essential oils as botanical acari-
cides, providing a viable substitute for fighting Varroa destructor infestations. This strategy could
guarantee the quality of apiculture goods while also enhancing bee health.

60,00

50,00

40,00 +

30,00

20,00

Means t standard deviation

10,00

0,00 T .
EpEO+thymol EpEO Thymol Control

Value of dead Varroa expressed as means + Standard deviation (n=3);
(p**< 0.01, p* < 0.05) value vs control;
(p==<0.01, p© < 0.05) value vs association of (Ep EO+ thymol) treatment

Figure 2. Means and standard deviations of dead varroas
4. Conclusion
Eucalyptus species investigated showed a significant efficacy threshold in BSL and acaricidal

tests, and have a high 1,8-cineole content in its chemical composition. Eucalyptus species from the
same region alsorecorded a richnessin 1,8-cineole as well as a variable acaricidal effect on Varroa.
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Understanding the structure-activity relationship of compounds is crucial to combining and en-
hancing the synergistic effects of many compounds operating on the same target or mechanism of
action, and to fully comprehend the acaricidal activity. Therefore, it would be interesting to de-
velop this work and examine the effect of essential oil associations on Varroa destructor, which
could represent a promising alternative to synthetic acaricides. The broader implications of this
study for pest management practices are significant. By using natural essential oils, we could re-
duce reliance on synthetic chemicals, thereby decreasing risks to the environment and human
health. Future research should focus on optimizing essential oil combinations and evaluating their
long-term effectiveness for sustainable pest management.
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