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Abstract: This study was conducted to evaluate acaricidal effects of fourteen plant essential oils and fifteen
of their major monotepenoids on Varroa destructor (Acari: Varroaidae) and the possibility of their usage for
Varroa control. Two different time intervals 24 and 48 hours were used. The assay result after 48h showed that
the most effective essential oils were; caraway LC50 (51.8), eucalyptus (97.5), lemon (103.6) and rose (123.5)
respectively. As for the monoterpenoids; borneol (63.6), cinnamaldehyde (71.6), thymol (76.5) and camphor
(91.7) were found to be the most potent compounds respectively in descending order. 
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INTRODUCTION

The parasitic bee mite, Varroa destructor (Anderson
and Truman) is causing serious complications in
beekeeping all over the world. This is especially true in
temperate regions, where untreated honey bee colonies
infested with Varroa can perish within two years[8].
Therefore, colonies must be treated once or twice a year
against Varroa to maintain their populations below the
economic injury level. During the last 10 years, the
pyrethroids have been the primary source of insecticides
used to control Varroa. However, recent reports
emphasized that the population of Varroa in Europe,
North America and Italy have developed resistance to the
synthetic pyrethroids[17,14,23]. El Zen et al.[10] indicated that
these mites were not only resistant to fluvolinate, but also
to the commonly used amitraz. Moreover, the widespread
use of synthetic lipophilic acaricides has lead to the
accumulation of residues in beewax, propolis and to much
lesser degree, in honey[21,25,15]. Those concerns have
provide considerable incentive to develop new strategies
that minimize the potential for acaricide resistance and the
accumulation of such residues. 

It is well known that many essential oils and their
components exhibit acaricidal activity[13]. Different
component of essential oils were tested for their activity
against Acarapis woodi[2]. Methyl salicylate and menthol
proved to be toxic to the tracheal mite[9]. Recently,
research has shown that several essential oils and
individual  compounds  of  essential  oils  also  have a
high acaricidal activity against Varroa jacobsoni.
Calderone et al.,[6] suggested that they may be useful in
maintaining mite infestation rates below the economic

injury levels. Trials with labiata essential oil to control
Varroa mite indicated it was very effective[7]. Also, four
essential oils were tested against parasitic mite by Rezk
and Gadelhak[19], they found that the best effective oils
were of eucalyptus and matrecary.

Because of the promising activity of the essential oils,
against Varroa mite, many studies have been conducted to
find out the effective monotepenoidal component in the
essential oils. Calderone and Spivak[5] found that thymol
was effective when there was little brood in the colonies.
Citral was the most effective against Varroa mites[10].
Baggio et al.,[2] who found that Apilfe-Var, as thymol
based product was the highest Varroacidal effectiveness
(94.7%). Also, Trouiller[24] reported that the efficacy of
Apiguard® was higher when colonies were treated in hot
condition. The application of Apiguard, led to an increase
3.76 times in Varroa mortality over the four weeks
period[12]. Thymovar® (thymol) was proved to be very
effective (94-98%) in controlling Varroa mites[4,18]. 

The target of the present investigation is to search for
effective essential oils and/ or their individual components
of monoterpenoids to control Varroa destructor with their
advantages of low cost and low health and environmental
hazards for both consumers and house bee keepers. Also,
we studied the average rate of infestation through out the
whole year and the side effect of these oils and their
monoterpenoidal constituents on honey bees.

MATERIALS AND METHODS

Test chemicals: fourteen essential oils were used namely:
caraway, chenopodium, cinnamon, clove, eucalyptus,
rosemary,      garlic,      geranium,       lemon,    matrecary,
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Fig. 1: chemical structure of the tested monoterpenoids.

peppermint, rose and thyme were supplied by the Faculty
of Pharmacy, University of Alexandria. fifteen
monoterpenoidal constituents of the tested essential oils
were used namely; eugenol, geraniol, carvone (S ),
carvone (R ) borneol, carveol, benzyl alcohol, thymol,
camphor, menthol, chlorothymol, cinnamaldehyde,
carvacrol, cineol and citronelol were supplied by Aldrich
Chemical Company. The structures of the tested
monoterpenoidal constituents are shown in Fig. (1). 

Test animals: The present experiments were carried out
in the apiary of the Agriculture of Experimental Station,
Faculty of Agriculture, Alexandria University. During the
year of 2004/ 2005. Colonies of Apis mellifera L of
carniolan hybrids were used in this study. Each colony
consisted of 9 full depth combs of worker bees and had
suffiecient amount of brood. 

The rate of infestation
1- Adult bees: Samples of approximately 100 workers
were bruched off from the central comb from
experimental colonies at two week intervals. Bee samples
were transferred to the laboratory and cooled in the

freezer for about 30 min. Bees of each sample were
individually cheked for the presence of Varroa mite under
light[20]. The mites of each sample were counted and
recorded

2-Sealed brood samples: Fifty sealed brood cells of
worker and drone (if available) were randomly chosen and
examined. The cell capping were removed by forceps and
the pupae were picked up in Petri dishes. Samples were
transferred to the laboratory and were examined under
light for the presence of mites which were counted and
recorded.

Bioassay technique: Various concentrations ranged from
25 to 250 ppm of essential oils and monoterpenoids were
prepared from the stock solutions. Ten worker bees
infested with Varroa mites were placed inside glass cups
coverd with musilin. Workers bees were sprayed using a
hand sprayer for each experimental concentration and the
test was triplicated. All experimental glass cups were
supplied with sugar syrup 30%. The mortality percentage
of  either  Varroa  or  bees  was  recorded  after  24  and
48 hours of treatments. Values of LC50 were computed
according to Finney,[11] and Abbot's formulae[1].

RESULTS AND DISCUSSIONS

Seasonal variation of Varroa mites: The results of 2004/
2005 seasons on the rate of infestation with the Varroae
mites Varroa destructor are given in Fig 2 and 3. It was
clear that the percentage of Varroa infestation was higher
in autumn and summer, reaching 24.73 and 21.34 % on
immature stages and 21.79 and 16.35% on adult worker
bees respectively. These levels become slightly lower in
spring than in summer. The lowest infestation percentage
was recorded in winter, being 0.84 and 0.060 on brood
worker and worker respectively. The percentage of Varroa
infestation on immature and adult drones was higher than
those of workers in atumn, summer and spring (Fig. 2).
The high level of infestation in those three seasons may
be due to the weather conditions which are more
favorable for mite activity. Marletto et al.,[16] reported that
the climate factors had a strong influence on the
population dynamics of Varroa mite.

The effect of tested essential oils against Varroa
mites is shown in Table 1. The results indicated that
caraway, eucalyptus, lemon, rosemary and rose were
more effective than the other essential oils with LC50
values of: 119.5, 127, 165 and 166.2 respectively. Those
compounds had significantly lower LC50 after 24 hr than
the rest of the essential oils. Increasing the time of
exposure led to an increase in the toxicity of these
essential oils against Varroa mite and the most potent
after 48 hr of exposure were caraway, eucalyptus, lemon
and  rose  with  LC50  values  51.8,  97.5, 103.6 and 123.5
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Fig. 2: Average rate of infestation (%) by Varroa mites
in  brood and emerged workers though out a
whole year.

Fig. 3: Average rate of infestation (%) by Varroa mites
in  brood and emerged drones though out a
whole year.

respectively. These essential oils could be promising as a
mixture for controlling of Varroa mite. Some other
important essential oils, e.g. clove, peppermint, rosemary,
cinnamon, chenopodium and matrecary gave high toxicity
against Varroa mite after 48 hr of application with LC50
values, 136, 141.7, 146.9, 152.4, 161.7 and 153.7 ppm
respectively. 

The results of the tested monoterpenoids against
Varroa mite is shown in Table 2. Still monoterpenoids are
the most important compounds in Varroa control due their
activity accompanied with their safety margin to the
customer and the side effect against honey bees. Many
commercial available compounds are in use allover the
world such as Thymovar and Apiguard. In our intensive
screening for fifteen monoterpenoidal compound against
Varroa mite, borneol, cinnamaldehyde and thymol were
the most potent compounds with LC50 values 81.7, 93.1
and 96.6 respectively after 24 hr of application. Not only
the  three  important monoterpenoids mentioned above but

Table 1: The mortality percent of the tested essential oils against hony
bees.

Mean percent mortality after
----------------------------------------------

Essential oils Conc. (ppm) 12 hr 24 hr 48hr
Caraway 100 0.00 0.00 0.00

150 0.00 0.00 3.33
Chenopodium 100 3.33 3.33 6.67

150 3.33 6.67 8.33
Clove 100 0.00 3.33 3.33

150 3.33 3.33 5.00
Cinnamon 100 0.00 6.67 6.67

150 6.67 8.33 100
Eucalyptus 100 0.00 3.33 6.67

150 3.33 5.00 8.33
Fennel 100 0.00 3.33 5.00

150 3.33 6.67 8.33
Garlic 100 0.00 6.67 8.33

150 6.67 8.33 10.0
Geranium 100 0.00 0.00 3.33

150 0.00 0.00 5.00
Geraniol 100 0.00 0.00 0.00

150 3.33 6.67 6.67
Lemon 100 0.00 0.00 0.00

150 3.33 3.33 3.33
Matrecary 100 0.00 0.00 5.00

150 0.00 3.33 6.67
Peppermint 100 0.00 3.33 6.67

150 3.33 6.67 8.33
Rosemary 100 0.00 0.00 3.33

150 0.00 3.33 6.67
Thyme 100 0.00 0.00 0.00

150 0.00 3.33 5.00

Table 2: LC50 values of the tested monoterpenoides on parasitic bee
mites, Varroa destructor at two time intervals using the spray
method

95 % C.L.
LC50 ------------------- Regression

Monoterpenoide Time (ppm) lower upper equation
Benzyl alcohol 24h 334.3 235.7 474.8 Y= - 6.5+2.6X

48h 223.3 185.1 269.7 Y= - 6.5+2.7X
Borneol 24h 81.7 72.1 92.6 Y= - 5.3+2.8X

48h 63.6 28.5 139.4 Y= - 5.9+3.3X
Carveol 24h 139.7 125.6 155.4 Y= - 6.5+3.5X

48h 105.1 93.6 118.1 Y= - 5.3+2.6X
Camphor 24h 121.9 108.5 137.1 Y= - 5.4+2.7X

48h 91.7 66.9 121.31 Y= - 6.8+2.5X
Carvone (S) 24h 229.4 198.1 265.7 Y= - 10.3+4.4X

48h 185.2 167.9 204.3 Y= - 9.9+4.4X
Carvone (R) 24h 394.4 248.2 627.5 Y= - 8.2+3.2X

48h 437.8 256.7 749.1 Y= -5.4+2.1X
Carvacrol 24h 253 213.3 314.6 Y= - 10.5+4.4X

48h 236.9 196.8 285.3 Y= - 7.6+3.2X
Chlorothymol 24h 725.1 280.4 1080.7 Y= - 5.2+1.8X

48h 436.1 257.9 739.2 Y= - 5.7+2.1X
Cinnamadehyde 24h 93.1 83.3 103.9 Y= - 5.73+2.9X

48h 71.6 63.7 80.5 Y= - 6.1+3.3X
Cineol 24h 185.9 159.3 217.1 Y= - 6.0+2.7X

48h 121.5 32.5 415 Y= - 5.7+2.8X
Citronellol 24h 148.5 131.2 168.2 Y= - 5.8 + 2.7X

48h 103.4 89.9 118.9 Y= - 4.3+2.1X
Eugenol 24h 185.5 170.7 201.7 Y= - 11.9+5.2X

48h 179.6 161.6 199.6 Y= - 8.6+3.8X
Geraniol 24h 176.2 152.8 203.2 Y= - 6.1+2.7X

48h 138.2 123 155 Y= - 5.9+2.7X
Menthol 24h 174.6 156.6 194.7 Y= - 7.9+3.6X

48h 153.7 79 51690 Y= - 7.5+3.4X
Thymol 24h 96.6 86.2 108.1 Y= - 5.5+2.8X

48h 76.5 11.3 509.6 Y= - 5.8+3.1X
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Table 3: LC50 values of the tested monoterpenoids against hony bees
Mean percent mortality after
----------------------------------------------

material Conc.(ppm) 12 hr 24 hr 48hr
Borneol 100 0.00 0.00 8.33

150 0.00 5.00 10.0
Benzyl alcohol 100 0.00 0.00 6.67

150 0.00 0.00 8.33
Camphor 100 3.33 8.33 8.33

150 5.00 10.00 11.66
Carvacrol 100 0.00 5.00 6.67

150 3.33 8.33 8.33
Carvone (S ) 100 0.00 0.00 0.00

150 0.00 0.00 6.67
Carvone ( R) 100 0.00 0.00 3.33

150 3.33 3.33 5.00
Carveol 100 0.00 0.00 6.67

150 0.00 3.33 8.33
Cineol 100 0.00 0.00 6.67

150 0.00 5.00 8.33
Chlorothymol 100 0.00 3.33 8.33

150 0.00 6.67 8.33
Citronelol 100 0.00 3.33 3.33

150 0.00 6.67 10.00
Eugenol 100 0.00 0.00 5.00

150 0.00 1.67 6.67
Menthol 100 0.00 0.00 0.00

150 0.00 3.33 3.33
Thymol 100 0.00 0.00 3.33

150 0.00 3.33 8.33

also six compounds showed good activity, camphor
(121.9), carveol (139.7), citronellol (148.5), menthol
(174.6), geraniol (176.2), eugenol (185.5) and cineol
(185.9) after 24 hr of exposure. 

Increasing the time of exposure to 48 hr, led to a
dramatically an increase in the potency of borneol,
cinnamaldehyde and thymol, decreasing the LC50 value to
63.6, 71.6 and 76.5 respectively. These results comply
with those obtained by calderone and spivak[5] who found
that the thymol natural product was effective in
controlling Varroa mites. In addition to carveol (105.1),
camphor (91.7), cineol (121.5) and citronellol (103.4)
which  showed  good  activity against Varroa mite after
48 hr of exposure.

The effect of two concentrations of each of the tested
essential oils on the honey bees is shown in Table 3. Four
essential oils, caraway, geraniol, lemon and thyme did not
have any effect on the honey bees at 100 ppm at the three
different time intervals, 12, 24 and 48 hr. Also, rosemary
gave slight effect (3.33 % mortality) at 100 ppm on honey
bees after 48 hr. Clove and geranium oils were also,
slightly active (3.33 % mortality) after 24 and 48 hr. on
honey bees. The maximum effect at 100 ppm after 48 on
honey bees did not exceed the range of 5 to 8.33 % for all
the rest of essential oils. Applying the essential oils with
150 ppm rate on honey bees gave also very slight effect
(3.33 % mortality) in case of caraway and lemon oils.
Importantly, the rest of the essential oils gave a mortality
percent ranged between 5 to 8.33 % against the honey
bees except cinnamon and garlic oils, where their

maximum effect reached 10 % mortality. In general such
mortality percent is very low and is not considered as a
disadvantage of the essential oils use against Varroa.

The effect of the tested monoterpenoids against
honey bees is presented in Table 4. The maximum
mortality percent of the tested monoterpenoids against
honey bees ranged between 0 to 8.33 % at 100 ppm after
48 hr. Carvone (S) and menthol were very safe and their
toxicity against honey bees was nil. The rest of the
monoterpenoids gave toxicity against honey bees that
ranged between 3.33 to 8.33 %. Apllication of 150 ppm of
monoterpenoids gave maximum toxicity 10 % percent in
case of benzyl alchohol and cittronellol and only 11.66 %
in case of camphore after 48 hr. 

In conclusion, the findings of the present study
indicated that the investigated natural products
particularly, borneol, thymol, cinamaldehyde, citronelol,
caraway, eucalyptus, lemon and rose are promising as
safe natural products for control of Varroa mites. Also,
these materials proved to be harmless to the bee and quite
save to the environment. 

REFERENCES

1. Abbott, W.S., 1925. A method of comparing the
effectiveness  of  an  insecticide. J. Econ. Entomol.,
18: 265-267.

2. Baggio, A., P. Arculeo, A. Nanetti, E. Marinelli and
F. Mutinelli, 2004. Field trials with different thymol-
based products for the control of varrossis Am. Bee
J., 140: 898-900.

3. Buren,    N.M.W.,      A.G.H.      Marem   and
H.H.W. Velthius, 1993. The effectiveness of
systemic agents used to control the mite, Varroa
jacosoni, in colonies of the honey bee Apis mellifera
depends on food distribution patterns. Apidologie,
24: 33-43.

4. Carnelissen, B. and T. Blacquiere, 2004.
Effectiveness of autumn and winter treatment for
Varroa control. First European Conf. of Apidology,
Udine, Italy. Sept. 19-23.

5. Calderone, N.W. and M. Spivak, 1995. Plant extracts
used for control of the parasitic mites Varroa
jacobsoni   in    colonies    of   the   western  honey
bee  (Hymenoptera:  Apidae).  J.  Econ.  Entomol.,
88: 1211-1215.

6. Calderone, N.W., W.T. Wilson and M. A. Spivak,
1997. Plant extracts used for control of the parasitic
mites Varroa jacobsoni (Acari: Varroidae) and
Acarapis woodi (Acari: Tarsonemidoe) in colonies of
Apis mellifera  (Hymenoptera:  Apidae)
J.Econ.Entomol. 90: 1080-1086.

7. Colin, M.E., 1990. Essential oils of Labiatae for
controlling honey bee Varrosis. J. Appl. Entomol.
110: 19-25.



J. Appl. Sci. Res., 2(11): 1032-1036, 2006

1036

8. DeJong, D., 1990. Mites: Varroa and other parasites
of brood, pp 200-218. In R.A. Morse and R.
Nowogrodzk; [eds.] Honey bee pests predators and
diseases, 2 nd ed. Cornell Univ. Press, Ithaca, NY.

9. Delaplane, K.S., 1992. Controlling treacheal mites
(Acari: Tarsonemidae) in colonies of honey bees
(Hymenoptera: Apidae) with vegetable oil and
menthol. J. Econ. Entomol., 85: 2118-2124.

10. El Zen, P.J., J.R. Baxter, G.W. El Zen, R. River and
W.T. Wilson, 2000. Evalutation of grapefruit
essential oils for controlling Varroa jacobsoni and
Apis woodi. Am. Bee J., 35: 666-668.

11. Finney, D.J., 1971. Probit analysis 3rd edition.
Cambrige University Press, Cambridge, pp: 318. 

12. Gregorc, A. and I. Planinc, 2005. The control of
Varroa destructor in honey bee colonies using the
thymol-based  Acaricide-Apiguard.  Am. Bee. J.,
145: 672-675.

13. Lee, S., R. Tsao, C. Peterrson and R. coats, 1997.
Insecticidal activity of monoterpenoids to westeron
corn rootworm (Coleoptera: Chrysomelidae),
twospotted spider mite (Acari: Tetranychidae) and
house fly (Diptera: Muscidae). 90: 883-892.

14. Lodesani, M., M. Colomb and M. Spveafic, 1995.
Effectiveness of Apistan treatment against the mite
Varroa jacobsoni Oud. in several district of
Lombardy (Italy), Apidologie 26: 67-72.

15. Martel, A.C. and S. Zeggane, 2002. Determination of
acaricides in honey by high performance liquid
chromatography with photodiode array detection. J.
chromatogr. A., 2: 173-180.

16. Marletto, F., A. Patetta and A. Manio, 1991. Further
tests on Varroa diseases control by means of
periodical drone brood removal. Apicolrore Modern
82: 219-224. 

17. Milani, N., 1995. The resistance of Varroa jacobsoni
Oud. to pyrithroids: a laboratory assay. Apidologie,
26: 316-440.

18. Pascual,   M.H.,   R.M.   Fernandes,   A.S.  Lopea,
J.J. Sevilla, J.L.B. Yague and M.J.N. Nalda, 2004.
Spring efficiency of Apivar, Apistan and Apitol in
the control of Varroasis in honey bees in
Mediterranean climate. First European Conference of
Apidology. Udine, Italy, Sep. 19-23. 2004.

19. Rezk, H.A. and G.G. Gadelhak, 1997. Impact of four
plant oil extracts on the control of the parasitic mite,
Varroa jacobsoni Oud. (Acri: mesostigmata. Alex. J.
Agric. Res., 42: 105-113.

20. Ritter, W., W. kerkhf and S. Patzold, 1989. The
distribution of Varroa jacobsoni Oud. in the winter
cluster of Apis mellifera carnica. In present status of
Varroatosis in Europe and progress in the Varroa
mite control" Edited by Cavallora, R. Proc. of a
Meeting of the Exerts Group/Udine, Italy Nov. 28-30
Nov., 1989.

21. Ruijter, A. De, 1995. Isuues in the control of Varroa
infestation, In A. Matheson (ed.) New perspectives
on Varroa. IBRA, Cardif, U.K., pp: 24-26.

22. Selim, S.A. (2003). Chemistry and bioactivity of
certain natural products (thesis).

23. Thompson,  H.M.,  M.A.  Brown,  R.F. Ball and
M.H. Bew, 2002. First report of Varroa destructor to
pyrethroids in the U.K. Apidologie, 33: 357-366.

24. Trouiller, J., 2004. Apiguard: an instrument adapted
to many beekeeping condition. Apicata 38: 328-333.

25. Wallner, K., 1995. The use of Varroacides and their
influence on the quality of bee products. Am. Bee. J.,
135: 817-821.


