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Apiary trials on the use of three different treatments (Apilife Var, thymol solution in olive oil, and
thymol solution in ethanol) for the control of Varroa destructor were conducted in Aragon (northeastern
Spain). For the evaluation of the presence of residues of these treatments in honey an analytical
method was developed. The method is applied to analyze honey samples before and after treatments
with the acaricides mentioned. A solid-phase extraction on trifunctional silane SPE C18 cartridge
and gas chromatography separation using a flame ionization detector allow reliable and precise
determination of residues of thymol, menthol, eucalyptol, and camphor in honey. The results indicate
that camphor is present in only low concentrations, residues of eucalyptol or menthol were not found
at all, and only thymol left residues in high concentrations. Residues of thymol found in honey collected
from the beehives ranged from 0.75 to 8.20 ug/g for Apilife Var, from 0.03 to 6.30 ug/g for thymol
solution in olive oil, and from 0.05 to 6.20 ug/g for thymol solution in ethanol. Even so, natural
treatments can be considered to be good alternatives for synthetic acaricides, especially because
they do not represent a sanitary risk.
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INTRODUCTION against the mite. For example, uses of wintergreen oil as a
thermal treatment, an aerosol treatment with a thyme—sage oil
mixture, and a contact treatment with neem oil and the passive
evaporation of oregano oil and marjoram oil have been
described. However, for various reasons none of these treatments
have been adopted in beekeeping. The main obstacles are the

iy ot such 25 besswa, honey, propols, and oya(TSA1es 1t otanng stacardzed sssentl ols or the
jelly I (1—5) or their transfer from beeswax into the syrup and ony: )
honey (6,7). In addition,Varroa mites can develop resistance ~_ However, components of these essential oils such as thymol,
against some of them (8—13). linalool, or camphor have been highly effective in controlling

For this reason the current trend is to find new alternatives the varroosis. Different combinations of such components as
in the fight against this parasite, such as mitosporic fungi well as different thymol application methods have been studied.
Hirsutella thompsoniandMetarhizium anisolpliaas a potential ~ AS @n example, the use of powdered thym) 23, 24) and
microbial control agent of the parasitic mitg4( 15) or to use ~ Microencapsulated thymol (ApitimolP%) has been reported.
almost nontoxic and nonpersistent acaricides such as organic>00d results have also been reported with the use of Frakno
acids or essential oils. Entomopathogenic fungi suctHas ~ thymol frame (2627), Thymovar wafer (2829), thymol in a
thompsoniihave the definite advantage of infectingarroa  gelatin-like Apiguard29, 30), and homemade applicatior&l(
directly through the exoskeleton. 32). The ltalian product Apilife Var is a _mlxtu_re c_>f thymol, _

Organic acids such as formic, lactic, and oxalic acids have €ucalyptol, menthol, and camphor. Its main active ingredient is
been investigated as a control strateg$-{19). The efficacy thymol_, and it sh_owed good results agaiNstrroa in different
of these components depends on their ability to be dispersedcountries and climate zones (230, 32—-37).
within the hive. Some of them are temperature-depen@t ( Nevertheless, difficulties with natural treatments are the high

New methods of control based on the use of essential oils Ievel of residuesx 0.8 mg/kg) found in honey after application

from different plants21,22) have also been tested successfully (26, 27, 38). This does not represent a risk for human health
but may change the taste of the honey. Bogdanov e38). (

* Author to whom correspondence should be addressed (telephage  found that the taste threshold of thymol in acacia and rape honey
976 761543; faxt-34 976 761612; e-mail rlazaro@unizar.es). was~1.1-1.3 mg/kg honey.

Varroa destructorAnderson and Trueman (formenarroa
jacobsoniOud.), origin of the varroosis, is the most damaging
parasite in honey bee#\is melliferalL.) and represents a
serious infestation of bee colonies.

Use of synthetic acaricides causes their accumulation in the
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The literature describes different analytical methods using Counts
gas chromatography with a flame ionization detector (GC-FID) 1.o0<<]
as an adequate technique for the analysis of components of_ _ _ 1
essential oils as stated by several grolg®; 85, 38, 40, 41), 1
although the procedures were sometimes poorly detailed. 8000

The objective of this work was to evaluate the presence of o
the essential oil components thymol, camphor, eucalyptol, and
menthol in honey samples from hives treated with Apilife Var, eooo
thymol solution in olive oil, and thymol solution in ethanol.
For this purpose, an analytical method, based on that described
by Bogdanov et al.40), was developed and validated in our acooA

OO

S5000C 4

laboratory.
3000+
MATERIALS AND METHODS 20007
Acaricide Treatments. One commercial treatment (Apilife Var) and 1 ooo__J O
two homemade treatments (thymol solution in olive oil and thymol
solution in ethanol) were applied. © : - , .
o 10 20 30 40

Apilife Var (Chemicals LAIF, Vigonza, Italy) consisted of 10 g
tablets containing 7.41 g of thymol, 1.60 g of eucalyptol, 0.37 g of
menthol, and 0.37 g of camphor. Thymol solution in olive oil consisted
of 15 g of thymol dissolved in 20 mL of olive oil, applied in a
vermiculite pad of spongy material ofs8 5 x 2 cm. Thymol solution 1.0eda]
in ethanol consisted of 15 g of thymol dissolved in 20 mL of ethanol,
applied in a vermiculite pad of spongy material 0&85 x 2 cm.

The treatments were carried out in 20 Langstroht hives by seven
apiarists in the region of Aragon (northeastern Spain).

The treatments consisted of two 10 g tablets of Apilife Var, two . 5064
pads of thymol in olive oil, or two pads of thymol in ethanol. Apilife
Var tablets and the thymol pads with olive oil and ethanol were placed socoo M T
on the top bars of the frames. All three treatments were applied during
a period of 28 days, in the autumn and spring of two consecutive years 000 1
(2001 and 2002) outside the honey flow. All of the treatments were E
renewed after 14 days. None of these treatments were used on any of*©° ]
the beehives for one year beforehand.

Time (min)

Counts

SOO0O0

8000

Honey SamplesAltogether, 126 samples of honeycomb with honey 200
were analyzed. Sampling was as follows: Seven apiarists were selecteds o o o 1
for the study. Three hives from each apiarist were sampled (one for L fML L
each treatment), and three samples from each hive were analyzed befora coo | e
and immediately after the treatment.

The samples were obtained by cutting pieces of combstol® cm ] . . . .
strips, stored in plastic bags, vacuum-sealed, and deep-frozen until ° 1o =0 .. B89 <0
analyzed. Time (min)

Materials and Standards. Thymol for acaricide treatment was  Figure 1. Chromatograms of a blank honey extract and blank honey
supplied by Panreac. Analytical standard-grade thymol, menthol, extract containing 3 x«g/g of eucalyptol (E), camphor (C), menthol (M),
eucalyptol, and camphor for GC determination were from Extrasynthese and thymol (T).

(Genay, France). HPLC analysis grade acetone and hexane were

provided by Labscan (Dublin, Ireland). HPLC analysis grade ethanol yith 500 mg of the stationary phase was preactivated with 6 mL of
96% vlv was provided by Panreac Quimica S.A. (Barcelona, Spain). ethanol (96%) and 6 mL of deionized water. Then, the honey/ethanol
Anhydrous sodium sulfate of analytical reagent grade was supplied by go|ytion was passed through the activated SPE C18 cartridge, being
Panreac Quimica S.A. Water was deionized by means of a Milli-Q \yashed afterward with 6 mL of aqueous ethanol solution (20%). Finally,
system. For solid-phase extraction, C18 (EC) 6 mL cartridges containing e essential oil components were eluted with 2 mL of acetone.
500 mg of octadecylsilica were from Isolute (International Sorbent Approximately 0.15 g of anhydrous sulfate ¢$4) was added to the
Technology U.K.). All gases for gas chromatography analysis Were g a1 tg eliminate the water. The 10, was then separated from the
supplied by Carburos Metalicos (Barcelona, Spain), with a purity degree extract with a centrifuge (2500 rpm, 5 min). This extract was kept in

of 99.99%. . . . autosampler vials in the freezer until GC analysis.
Apparatus. A Meditronic 7000599 centrifuge was supplied by . . .
Selecta P (Barcelona, Spain). A SPE vacuum manifold for solid-phase Gas Chroomatography Analysis.A fused S|I_|ca capillary column
extraction was supplied by Supelco. GC-FID analysis was performed Quadr_ex 5% phenyl_methyl (50 m 0.25 mm "d'x. and 0.25_0um
with an HP 5890 series Il gas chromatograph equipped with an HP film thickness) supplied by RW was used. Operating conditions were

7673A autosampler, all controlled by an HP3365 series Il Chemstation &S follows: injector port temperature, 230; helium as carrier gas at
from Hewlett-Packard (Avondale, PA). a flow rate of 1 mL/min. The flame ionization detector temperature

Sample Preparation and Extraction. Frozen honeycomb samples ~ (FID) was 300°C. The column temperature was maintained atG0
were left to melt at room temperature. For the desoperculation the for 1 min and then programmed to increase &CZmin to 130°C,
honeycombs were cut with a knife. To separate the honey, samplesthen at a rate of 16C/min to 220°C, followed by a final rate of 30
were put in a sieve and scraped with the help of a glass stick, letting “C/min to 280°C. Total time of analysis was 60 min. AL sample
the honey drop afterward. The honey was collected in a beaker. was injected, in splitless mode.

Briefly, solid-phase extraction, based on that described by Bogdanov ~ To avoid a matrix effect, honey sample extracts free of natural
et al. (40), was as follows: 10 g of honey was dissolved in 20 mL of acaricide treatments were used for calibration by spiking them with a
a 20% (v/v) agueous ethanol solution. The SPE C18 cartridge packedknown amount of each analytEigure 1). Calibration standards were
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Table 1. Method Sensitivity: Absolute Detection Limit (ADL), Limit of Counts
Detection (LOD), and Limit of Quantification (LOQ) 1 el
analyte ADL (pg) LOD (uglg) LOQ (uglg) 0000
eucalyptol 32 0.3 0.5 ]
camphor 42 0.1 0.2 8000
menthol 180 0.1 03 ]
thymol 172 0.2 0.2 o000
1
60005
Table 2. Results from Studies of Recovery (Percent), Repeatability
(RSD),2 and Reproducibility (RSD) 8004
recovery repeatability reproducibility 40001
analyte  2uglg  0.5uglg  2uglg  05uglg  2uglg 05 uglg eooo§
eucalyptol 73.8 89.6 7.6 17.0 16.1 6.3 i c T
camphor 96.0 89.3 6.8 14.8 10.1 29.8 20001
menthol 100.3 83.9 6.3 109 11.9 237 ] W
thymol 102.8 78.1 12.3 9.4 204 145 1000+
o]
@ Relative standard deviation. S To =5 =5 2o
Counts Time (min)
1.0e4] Figure 3. Chromatogram of a honey extract after treatment with Apilife
cooo] Var. Acaricide peaks: camphor (C) and thymol (T).
scoo] Counts B T
7000 ] 1.0e4,
B8000 SO00 4
5000 socoo
4000+ 70004
3000+ s000d
2000+ S000
1000 ___J ww
4000+
Q-
o 10 2o s0 40 3000
Time (min)
X 2000
Figure 2. Chromatogram of a honey extract before treatment. ] w
1000 J I ot
prepared at three different levels. The regression of the calibration
curves wag? > 0.999 for all analytes. © 1 . ; i i

[o] 10 20 30 40

Method Validation. For method validation, sensitivity, repeatability, Time (enin)

reproducibility, and recovery studies were carried out, using blank
sample extracts free of analytes to prevent a matrix effect. According Figure 4. Chromatogram of a honey extract after treatment with thymol
to ORA (42) recommendations, for the sensitivity study, the absolute in olive oil. Acaricide peaks: thymol (T).
detection limit, detection limit, and quantification limit were determined.
For the repeatability study, eight samples were analyzed by the same The repeatability and the reproducibility of the method,
operator, with the same equipment, in the same laboratory, on the sameaxpressed as relative standard deviation (RSD), were in ac-
day. The conditions for the study of reproducibility were as follqws: cordance with the recommendations of HorwidB) (repeat-
_anaIyS|s of three samples by the same operator on the same equmenbb“ity RSD <15% and reproducibility RSB:31%) (Table 2).
in the same laboratory, on three different days within two we_eks. The recovery percentages in spiked samples ranged between
Finally, for the recovery study, 10 samples were analyzed. Studies of
repeatability, reproducibility, and recovery were made by spiking 74_ar_1d 10_3% for bo_th tested levels (2 and Ogig of honey). .
extracts at two levels (2 and 0/g). This is satisfactory, in accordance with the European Commis-
sion (44) that accepts recovery ranges between 70 and 110%
(Table 2).
Results of Honey Sample AnalysisResidues of the com-
Analytical Method. The chromatographic conditions resulted ponents of essential oils before and after the treatments with
in a good analytical resolution. The sequence of the elution was Apilife Var, thymol solution in olive oil, and thymol solution
eucalyptol> camphor> menthol > thymol. Table 1 shows in ethanol were evaluate&igures 2—5show chromatograms
the results of the study of sensitivity. The detection limits for of honey samples before and after the treatments. A total of
the four components were between 0.1 andu@® of honey, 126 honey samples were analyzed according to the previously
and the quantification limits were between 0.2 and/Qk of described method. The results of the samples analyzed are
honey. reported inTables 3and4.

RESULTS AND DISCUSSION
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Table 3. Natural Essential Oil Components in Honey from Aragon Counts
before Treatments (63 Samples) 1 cedl
range (% samples) 0ol
essential oil % of positive ~ <LOD#-0.3  >0.3-0.6  >0.6-2
component samples uglg uglg uglg >2 uglg 8000+
thymol 36.5 745 16 175 6.4 mooo]
camphor 39.7 68.2 14.3 15.9 16
menthol scood T
eucalyptol
S5000
2<LOD = less than detection limit.
4000+
Table 4. Levels of Residues of the Essential Oil Components after 2000 ]
Different Treatments
2000+
% of positive mean range JL_L
treatment samples (ug/g of honey) (uglg of honey) RSD 10001 e e
Apilife Var (n= 21)2
thymol 86 2.8 0.5-8.2 95.3 © ] ; r - T
camphor 10 03 0.2-0.5 793 ° 1o =0 . .Be e
menthol <LOD® <LOD Time (min)
eucalyptol <LOD <LOD Figure 5. Chromatogram of a honey extract after treatment with thymol
Thymol in Ethanol (n = 21) in ethanol. Acaricide peaks: thymol (T).
thymol 95 25 0.2-6.2 79.9
Thymol in Olive Oil (n = 21) the two components shows a high variability. Residues of
thymol 86 2.6 0.1-6.3 823 eucalyptol and menthol were not found above the limit of
detection.

an— b<LOD — ion fimi . .
n = number of samples. ®<LOD = less than detection fimit. Other researchers have also found residues in honey after

treatment with Apilife Var (Table 5). In one study carried out

The analysis of samples of honey from hives before any in Guadalajara (Spaing), Apilife Var treatment was applied
acaricide treatment revealed the presence of aromatic compo-or up to 21 days, and samples were taken 1 week after the last
nents Table 3). Thymol, camphor, menthol, and eucalyptol are - day of treatment. This region is comparable, in terms of climatic
natural components of essential oils from some aromatic plantsconditions, with Aragon. The residues of thymol found in honey
(45), and so they may occur in honey typ@8,(46, 47). In in this case ranged between 0.8 and 2g&y. These levels are
fact, from the honey samples taken in our study, 40% contained |ower than ours, but it must be taken into account that we took
camphor and 40% contained thymol. This finding agrees with samples immediately after the treatments and that we applied
the fact that Aragon is rich in aromatic plants such as thyme, the treatments for 28 days. They also found eucalyptol residues
rosemary, salvia, and lavender (449), which contain the  around 0.2:g/g after the Apilife Var treatment. In other studies
essential oil components. Therefore, the honey samples con-arried out in Switzerland (335, 40), where treatments with
tained thymol and camphor as natural ingredients. Apilife Var were applied during 48 weeks and the samples

With regard to the treatments applied, the statistical analysis were taken 6—10 months later, the highest residue of thymol
of our results showed that both commercial and homemadefound in honey was 0.2g/g. In Italy (30), where Apilife Var
preparations left residues in honey. After the Apilife Var treatments were applied for 2 weeks, thymol residue levels were
treatment, thymol residues were found in 86% of the honey not higher than 2:g/g.
samples from hives at concentrations between 0.5 anddg? Similarly, the two homemade thymol preparations resulted
of honey (mean level of 2.8g/g of honey). Only two samples in a high incidence of thymol residues in honey. In 86% of the
showed residues of camphor between 0.2 an@g§/§ of honey samples, thymol residues were found after treatment with thymol
(mean level concentration of O:)/g of honey). The RSD for  solution in olive oil and in 95% after treatment with thymol

Table 5. Levels of Residues in Honey after Apilife Var Treatment (Other Studies)

application time honey sampling after eucalyptol residues thymol residues
(weeks) the end of treatment found («g/g) found («g/g) ref
7 nd2 not detected 0.1-0.3 34
4-8 32 weeks not detected 0.03-0.1 35
6-8 nd not detected 0.1-05 33
6-8 28-34 weeks not detected 0.02-0.5 40
4 1 week 0.19-0.22 0.5-17 38
2 weeks 0.20-0.24 1.1-2.7
3 weeks 0.16-0.18 0.8-2.3
2 (first application) 1 week before not detected 2.0 (mean) 30
last day of application not detected 0.8 (mean)
2 (second application) 1 week before not detected 1.1 (mean)
last day of application not detected 0.6 (mean)

2No data.
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Table 6. Levels of Residues in Honey after Different Thymol Treatments (Other Studies)

application honey sampling after thymol residues
treatment time (weeks) the end of treatment found (ug/g) ref
powdered thymol 3 (treated three times) 20 weeks 0.02-15 5
28 weeks <0.001-0.7
36 weeks <0.001
40 weeks <0.001
Frakno thymol frame 524 nd® 0.02-0.3 26
Frakno thymol frame 52 last day of application 0.1-11 26
104 last day of application 0.4 (mean)
powdered thymol 4 1 week 0.1 38
Apiguard 2 (first application) 1 week before 3.1 (mean) 30
last day of application 0.9 (mean)
2 (second application) 1 week before 2.6 (mean)
last day of application 1.0 (mean)

a Treatment interrupted during honey flow. No data.

solution in ethanol. One possible reason for this difference is honey. However, these results should be completed with a
the higher carry-over effect of ethanol, due to its high volatility. sensorial analysis.

The level of thymol residues after treatment with thymol solution
in olive oil was between 0.1 and 6.@/g of honey (mean level
of 2.6 ug/g of honey). After the second treatment, thymol
solution in ethanol, thymol residues were found at levels
between 0.2 and 6,2g/g of honey (mean level of 2 &g/g of
honey). The variability of results was also very high for both
treatments.

Results of other studies on residues in honey after treatment
with thymol blends are shown iffable 6. In Switzerland,
residues of thymol not higher than 1ub/g were found after
different treatments with Frakno thymol fram@§,27). Thymol
residues after different treatments with powdered thymol applied
in Spain and Italy were similar and not higher than dgég (5,

38). Treatments with other thymol-based products such as
Apitimol and Apiguard 25, 30) were slightly higher (3.Lg/

g). Although the majority of these treatments were applied for

longer than in our study (up to one year), they did not result in

higher thymol residue levels. An explanation for such differences
is the better controllability of commercial products compared

to homemade solutions, the different application methods of
the treatments, and the duration of the application as well as
the fact that in our study samples were taken directly after the
treatments.

In accordance with the European Agency for Evaluation of
Medical Products (EMEA)R0), thymol is not likely to be of
toxicological concern to humans. What is more, thymol is
permitted as a flavoring agent, with an upper limit for inclusion
in food of 50 mg/kg. The EMEAR1) reports that camphor did
not give rise to worries about consumer health, either.

Furthermore, European Union Regulation 2377/90 EEZ} (
includes thymol, as well as camphor, menthol, and eucalyptol,
in Annex Il corresponding to nontoxic veterinary drugs, which
do not have a maximal residue limit (MRL).

Nevertheless, Bogdanov et alB9) found that the taste
threshold of thymol in acacia and rape honey was between 1.1
and 1.3ug/g with an astringent and medicine-like taste. For
this reason, Swiss food legislation has established a maximal
limit for thymol of 0.8 «g/g in honey. In our study 74% of the
samples exceeded this threshold for thymol. The taste threshold
of camphor in acacia honey is-30 xg/g, and not one of the
honey samples analyzed contained this amount of camphor.

In conclusion, the presence of residues of essential oil
components in our honey samples does not represent a sanitary
risk or a risk for human health, but may change the taste of the
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