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Abstract: 
The objective of this research was to determine the chemical composition, evaluate toxicity and acaricidal effect of essential oil 
of Eucalyptus robusta to control Varroa destructor of bees. Essential oilof Eucalyptus robusta (E. robusta) was extracted from 
fresh leaves by steam distillation using a Clevenger apparatus and was analysed by chromatography in gas phase coupled with 
mass spectrometry GC - MS, With an Agilent CGMSD Technology. The brine shrimp lethality test (BSLT) was used to evaluate 
the toxicity of the oil; the modified method of McLaughlin et al was employed in this study. The acaricidal features of the 

essential oil was evaluated usingbee hives infected by Varroa destructor, the method followed is the biological method "covers 
background". Results were analyzed by ANOVA followed by the post hoc tests.Fresh leaves of E. robusta by steam distillation 
yielded 0.83 % (v/w) of essential oil. Investigation of the oil onGC/MS resulted in the identification of 15 compounds, the most 
abundant constituent was 1,8-cineole (65,97 %), other notable compounds include p-cymene (7,83%), o-cymene (4,75%), 
Tetracosane (4,20%),   alpha-pinene (1,89%) and 1-phellandrene (1,52 %) were also among the constituents identified. The 
acaricidal features of the essential oil was evaluated usingbee hives infected by Varroa destructor,a significant effect of oil was 
observed (p< 0.05). Cytotoxic effect was assayed using the brine shrimp lethality test, Probit’s analysis of the result revealed an 
LC50 value of 9, 42 μg/ml.  

Essential oil extracted from E. robusta showed the presence of 1,8- cineole  coupled with high cytotoxic and acaricidal effects 
suggest it may not be suitable for medicinal purposes but can be used as insecticidal agents. 
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INTRODUCTION: 

Eucalyptus (family, Myrtaceae) is one of the world’s 

most widely planted genera [1]. Eucalyptus robusta 

Smith, commonly referred to as Australian brown 

mahogany, is a fast growing, evergreen tree, bearing 
pendant leaves, native to Australia. This species has 

been established in many countries including Algeria.  

 

Essential oils are natural products composed mainly 

of terpenes and terpene-derivatives in addition to 

some other non-terpene components [2]. The leaves 

of E. robusta contains up to 0.34 % w/w essential oil 

(Filomeno et al., 2016) and the main constituents are, 

alpha-pinene  [3,4], p-cymene[3,5], 1,8-cineole [4]. 

However, other chemotypes such as alpha-

phellandrene, p-cymene, β- pinene, myrtenal, among 

others have been documented  [3,5]. Composition 
pattern of essential oils reflects their nutritional, 

cosmetic, pharmaceutical or medicinal values. 

 

Many studies have reported the insecticidal activity 

of Eucalyptus essential oils against V. destructor an 

ectoparasite that contributes to the collapse of bee 

colonies, resulting in economic losses and ecological 

problems related to the role of bees as the most 

important pollinators on Earth [6-8].  

A special practice of local beekeeping in the forest 

regions of Skikda (city by the sea, 471 km from 
Algiers) is to combine conventional treatments with 

aromatic plants for a better efficiency and lasting 

effect, Eucalyptus leaves are used fumigation near 

hives. The efficacy of this traditional practice is 

plausible given the many scientific studies supporting 

the insecticidal properties of Eucalyptus essential oils 

[9]. 

 

Synthetic pesticides have been widely used and pose 

potential risks of contamination of honey and other 

hive products with chemical residues [10]. There is 

also clear evidence for the evolution of resistance in 
Varroa mite populations to conventional pesticides 

[11]. Natural essential oils are excellent candidates to 

fight Varroa since they are safe for bee colonies and 

for humans. It is on this basis, we investigated the 

chemical composition, acaricidal and toxic effects of 

essential oil extracted from the leaves of Eucalyptus 

robusta. This study paves way for combating the 

resistance phenomenon of Varroa using natural, safe 

means for environment and bees.   

 

MATERIAL AND METHODS:  

Plant material and distillation 

Leaves were collected in April 2014 at the herbarium 

of “Draa Naga", located at 15 km east of Constantine, 

Algeria.Eucalyptus robusta has been identified and 

its voucher specimen was deposited at the arboretum 

of the Forest Department of Constantine under the 

following reference number: 0065/47. Essential oil 

was extracted from fresh leaves by steam distillation 

using a Clevenger apparatus. Distilled oil was 

immediately dried over anhydrous sodium sulfate and 
was stored in screw-capped dark glass vials at 4 °C 

until further testing. 

 

Chromatographic (GC/MS) analysis 

Essential oil extracted of the leaves of Eucalyptus 

robusta was analysed by chromatography in gas 

phase coupled with Mass spectrometry GC/MS, With 

an Agilent CGMSD Technology apparatus in the 

light of the following experimental protocol: The 

ionisation energy was 70ev, the scan band: 45-400 u. 

The utilized column was; Capillary chromatographic 

column with a polar stationary phase [5% phenyl, 
95% dimethyl polysiloxane], HP-5MS. The length of 

the column is 30 m, its diameter is 0.25 mm and the 

film thickness is 25 μ m. The column temperature 

was programmed from 50 to 200°C for 10°C/min. C. 

The interface is maintained at 230 ° C. and the 

ionization source at 150 ° C. The debit of gas vector 

(Helium) was fixed to 0.5 ml/min. The volume of 

injected specimen was 0.5 µL. The constituents of 

essential oils were identified by comparing their 

Kovats index (retention index), calculated to the 

retention time with those of the reference products, 
and Comparing it with chemical compounds 

collected by Adams (2007), and finally comparing 

their mass spectra with those collected in the NIST- 

Wiley-MS library. 

 

Bioactivity 

Brine Shrimp lethality assay  

The brine shrimp lethality test (BSLT) was used to 

predict the toxicity of the oil. The modified method 

of (Mac Laughlin& Rogers, 1998) [12] was 

employed in this study. Different concentrations 

(1000, 100, 10, 1 ppm) of the leaf essential oil of E. 
robusta were prepared using diméthylsulfoxide 

(DMSO 1 %). After 48 h, a drop of DMSO and 4 ml 

of sea water were added to each of the sample bottles 

containing the oil sample. Ten brine shrimp larvae of 

Artemia salina were carefully counted into each of 

the sample bottles and the volume of the sea water 

was made up to 5 ml.Tests for each concentration 

were carried out four times. A control experiment 

containing 5 ml of sea water, a drop of DMSO and 

ten brine shrimp  

 
larvae was set along side. The experiment was 

maintained at room temperature for 24hrs, the 

number of surviving larvae were counted and 

recorded, and the data obtained were subjected to 
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Finney’s probit analysis to determine the LC50 of the 

oil. 

 

Anti-Varroa activity 
Bees (Apis mellifera) colonies placed in Langstroth 
type hives in an experimental apiary located at 

Azzaba in Skikda town (36°45’41.1”N 7°03’50.3”E) 

were used. The apiary had some colonies parasitized 

with V. destructor previously identified. A number of 

9 hives were selected for the study and divided 

randomly into three equal batches (three hives per 

batch). Essential oil treated batch(1ml/hive/week) is 

compared to positive batch infected and treated with 

thymol (1ml/hive/week) and control batch (infected 

without treatment).The method followed was the 

biological method "covers background" [13,14], 

diapers were greased with Vaseline, then the trays 

were placed in the frames of hives, diapers were then 

removed and carefully examined with a hand lens to 

detect the dead Varroa. The tests for each treatment 

were carried out three times, the experiment lasted 21 
days during which the counting was done every two 

days, after each count diapers were thoroughly 

cleaned and then put back. The essential oil was 

deposited on a cardboard tab of 1 mm thickness to a 

width of  4cm and a length of 20 cm, the deposited 

volume was 1ml [13]. The tab was inserted through 

the main entrance of the hive; the treatment was 

repeated at 7th day and 14th day. The results were 

expressed in means of mortality ± standard deviation. 

The temperature during the experiment varied 

between 20°C and 22°C. 

 

RESULTS: 

Table 1: Yield of essential oil of Eucalyptus robusta from different geographic regions 

Species Yield (%) Country References 

      E. 

robusta              

0.83 Algeria            Our result 

0.34 Brazil                  [3] 

0.20 Brazil 
                [15] 

 

            0.13 

 

   Democratic Republic   of 

Congo                                        

                 [5] 

 

Table 2: Chemical composition of the leaf oils of Eucalyptus robusta from Algeria 

Compound Air (%) RT  (min)     RI 

(+) spathulenol                                                                   1.12 33.523 1 578 

1,8 - cineole                                                                        65.79 10.166 1 030 

1-phellandrene                                                                 1.52 9.589 1 003 

 4-terpineol                                                                                                            1.03 14.270 1 177 

Apigenin-4’,7-dimethyl                                          2.84 52.245 2 964 

 alpha-pinene                                                                                                     1.89 8.003 939 

alpha-terpineol                                                                0.6 14.796 1 189 

camphene                                                                                                          1.25 25.347 954 

o-cymene                                                                                                            4.57 10.078 1 026 

p-cymene                                                                           7.83 10.019 1 025 

Pentacosane                                                                                                           2.36 53.142 2 500 

Tetracosane                                                                                                            4.02 56.520 382.55 

Tricosane                                                                                                                3.4 49.372 2 300 

Heptacosane 1.10. 53.222 429.45 

12-methoxy-3-methylcholanthrene                                                                   0.45 52.654 2815 

RT: Retention time obtained by chromatography  RI: Retentions indices, as determined on a HP-5MS column. 
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Table 3: Brine shrimp lethality assay of   leaf extract of E. robusta 

 

Plant 

Extract 

Dose 

(µg/ml) 

Nbre of tested 

shrimps 

Nbre of 

survivors 

% 

Mortality 

LC50 

(µg /ml) 

E. 

robusta 

1 

10 

100 

1000 

40 

40 

40 

40 

5 

14 

21 

26 

35 

47.5 

65 

87.5 

  9.42 

Table 4: Averages and standard deviations in the three batches 

Batches Averages± standard deviations 

Batch 1 (E.robusta) 37,57 ± 1.95 

Batch 2 (thymol) 41,8   ±  8.55 

Batch 3 (Naturalfall) 8,19   ± 0.42 

 

 

Table 5: Fisher (LSD) test result / Analysis of differences between modalities, 95% Confidence Interval for 

Mean 

 

Modalities Estimated means 

T1(E. robusta) 5.5640 A 

T2 (Thymol) 5.5337A 

T3 (Natural fall) 4.0401B 

 

 

 

Fig.1: Total number of dead Varroa 

 

 

Fig.2: Averages of dead Varroa and standard deviations 
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Yield, compositions, contents and identification of 

the leaf essential oil 

In this study, the yield of the oil obtained from the 

hydro-distillation of the leaves of Eucalyptus 

robusta(0.83%)was compared with those of the same 
species from different geographic regions (Table1, 

here).Results obtained for the compositions contents 

and identification of the leaf essential oil of 

Eucalyptus robusta oil are depicted in Table 2, where 

the major component was 1,8-cineole ( 65.87%). We 

compared our results to those published for the same 

species in other geographical areas, including China, 

Brazil and the Democratic Republic of Congo. We 

also compared them with other species of Eucalyptus 

(globulus, sideroxylon.) from Algeria and several 

other parts of the world, the composition was similar 

or different depending on the species and region. 
(Table2 here) 

 

Toxicity and acaricidal activity 
The current research showed that this oil was toxic 

towardsthe brine shrimp larvae Artemia salina, the 

result of the brine shrimp lethality assay of E. robusta 

is in Table 3 (here).The acaricidal activity against 

Varroa destructor is illustrated by Figure 1(here). 

The average of deadVarroa during treatment for the 

three batches and the standard deviation is shown in 

Table 4 and Figure 2.  
 

 The statistical analysis of variance (ANOVA) using 

the Statistica 10 software  showed that there was a 

difference between essential oil of E.robusta, thymol 

and natural fall of Varroa at the threshold of α = 5% 

which was significant (p* ≤ 0.0065),  the multiple 

comparison of the means was performed with the 

post hoc Fisher Test (LSD) indicated that the oil of   

E. robusta (T1) and the thymol (T2) belonged to the 

same group A, so had the same acaricidal activity 

against Varroa destructor, which is different of mites 

natural fall (T3) (Table 5). 
 

DISCUSSION: 
The yields of the oils obtained from the hydro-

distillation of the leaves of Eucalyptus robusta was 

0.83 %, it is higher than the same species from Brazil 

[15,16], and from Democratic Republic of Congo 

[17] (Table1). It’s relatively lower than other plants 

as a source of essential oil: Eucalyptus microtheca 

(2.3%), Eucalyptus tereticornis (3.4%) and 

Eucalyptus grandis (4.7%)  [18]. 

The essential oil composition of Eucalyptus robusta 
obtained of this study where 15 compounds were 

identified, which made up 99.95 % of the total 

essential oil gave 1.8-cineole (65.97%)as the major 

constituent, other components present in appreciable 

contents were:p-cymene (7.83 %), o-cymene (4.75 

%), α-pinene (1.89%), 1-phellandrene (1.52%), 

camphene (1.25%) and (+) spathulenol (1.12%) 

(Table2). These results showed a relative difference 

to those published for other geographical regions: 

alpha-pinene (30,18%), 1,8-cineole (26,08%), and 
globulol (4,44%), were reported as the major 

component in the essential oil of Eucalyptus robusta 

from China [19], α-phellandrene (36.6%),  α-pinene 

(16.6%), p-cymene (14.8%), andβ-pinene (11.8%) 

from Brazil [20], p-cymene (27.3%), myrtenal 

(12.8%), β-pinene (6.3%), and α-terpineol (6.3%) 

from Democratic Republic of Congo (Cimanga et 

al.,2002). Also it is similar to the chemical 

composition of leaves essential oil of  Eucalyptus  

globulus were the major constituent was 1,8-

cineolefrom Algeria [21-25], from Argentine [26], 

from Australia [27],  from Egypt [28], from India 
[29],from Pakistan [30], and from Ethiopia 

(Mekonnen et al.,2016).It is similar too to the 

composition of leaves essential oil of Eucalyptus 

sideroxylon from Algeria [31], from Tunisia [32] and 

from Australia [33], these results are similar to those 

found in Eucalyptus viridis and Eucalyptus oleosa 

from Iran[34]. Previous studies of the leaf oil 

compositions of Eucalyptus species used 

commercially as a natural source of 1.8-cineole have 

been reported [35,36]. 

 
This oil was toxic towards the brine shrimp larvae 

Artemia salina,Finney’s probit analysis of the result 

revealed an LC50 value of 9.42 μg/ml (Table 3) 

indicating cytotoxic potentials [37]. The results 

ascertained documented use of the plant extracts as 

repellant and insecticidal agents [35]. It is worth 

noting that the toxicity of our oil is very close to the 

LC50 of E. globulusfrom Nigeria (9.59 µg /ml) [39], 

andhigher compared to Eucalyptus baileyana and 

Eucalyptus major from Australia with an LC50 

(µg/ml) values of 216 and 762 respectively [36]. This 

difference is due to the chemical composition of each 
species, in the specie of Nigeria, Tepinen-4-ol 

(23.46%), γ-terpinene (17.01), apple oil (5.55%), α-

pinene (4.16%), and α-phellandrene (2.20%) were 

reported as the major components. However our 

specie showed: 1.8-cineole (65.97%), p-cymene (7.83 

%), o-cymene (4.75 %), α-pinene (1.89%), and 1-

phellandrene (1.52%) as major constituents.  

 

Eucalyptus robusta essential oil was found to be 

active against Varroa destructor of bees a significant 

effect was observed (p* ≤ 0.0065) (Table 5),it 
showed a total number of dead Varroa of (789) very 

close to that given by thymol (878), and very 

significant compared to natural fall of varroa (172) 

(Figure 1). According to the results obtained on the 

mortality of Varroa by the different treatments, we 
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note that the standard deviations are very high 

regardless of the colony studied or the hive lot 

processed. This indicates an heterogeneity which 

manifests itself in the different colonies. Each colony 

is thus, infested to its level according to the factors of 
tolerance and resistance of its own (Table 4 and 

Figure 2). 

 

Natural essential oils are excellent candidates to fight 

Varroa since they are safe for bee colonies and 

humans.Several works have been carried out by 

researchers all over the world, particularly in Algeria, 

to study the effectiveness of essential oils against 

Varroadestructor, essential oils of: Eucalyptus 

globulus, rosemary, thyme from Algeria  [33], olive, 

clove, garlic from Pakistan [34],  bitter orange 

,grapefruit, Citronella volatile oils  from Egypt [32] 
and Eucalyptus camaldulensis from Iran [37]. 

 

CONCLUSION: 
This study revealed that Eucalyptus robusta essential 

oil is rich in 1, 8-cineole, it is toxic and has an 

acaricidal effect on Varroa destructor. The purpose 

of the test of essential oil was to demonstrate that 

Eucalyptus could be used as a natural and alternative 

means of combating Varroa without danger to the 

environment, Bee and honey. Finally, this study is 

initiated on the basis that thymol is a product whose 
efficacy in the control of mites is established and that 

this effect could be potentiated by combining it with 

local Eucalyptus essential oils. The ultimate goal is to 

develop new products which are more efficient, but 

above all overcoming the problem of increasing pest 

resistance to treatments. 
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