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ABSTRACT

The Caraway, Carum carvi essential oil was assessed to behave as natural control of bee parasitic mite,
Varroa destructor during fall season instead of chemicals methods. Caraway oil (100%) was used and
compared to the synthetic acaricide; Apistan. The number of fallen mites and infestation percentages on both
adult and brood were estimated regarding the effects of essential oil on honeybees Apis mellifera. The
essential oil from C. carvi seeds were extracted by hydro distillation and characterized by GC/MS. Sixteen
compounds were identified representing; 97.33% of the oil. The predominant components were Limonene

> (38.81%), Carvone (35.43 %), a-Myrcene (7.3%), Dihydrocarvone (5.58%) and Limonene oxide (5.13%).
The infestation reduction percentages, recorded with Caraway oil, reached 84.42% and 70.65% on adult and
brood workers after 21 days of treatments with no statistical difference with Apistan. The mean numbers of
fallen Varroa mites were (67.67) and (74.65) in hives treated by essential oil and Apistan, respectively. The
immune response of honeybee workers and pupa revealed significant elevation in phenol oxidase activity
with Caraway oil however, remarkable inhibition in the enzyme activity observed with workers exposed to
Apistan. The comet assay performed on worker honeybee as a biomarker of DNA damage; revealed
statistically significant increase in DNA damage caused with Apistan (20.1%) and infested bee (21.64 %)
compared to corresponding one treated with Caraway essential oil (12.4%) and control (9.6%). Caraway
essential oil proved a safe way as natural controlling of Varoaa destructive with keep guard of honeybee

social life and fit into IPM programs
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INTRODUCTION

The bee parasitic mite (Varroa destructor) has
become the most serious threat to bee colonies it causes
great loss to honeybee (Apis mellifera Linnaeus) and
beekeeping industry as well. Varroa mite is an
ectoparasite of brood and adults, feeds on fat body of
the bee (Ramsey, et al., 2019) it reduces the fitness of
newly emerged individual bees and suppress their im-
mune system (Yang et al., 2005). Moreover, Varroa
mites act as virus transmission that weaken colonies
survival worldwide (Galindo-Cardona et al., 2020), it
can lead at the final stage through visible damaged
signs in body and wings to the colony collapse (Gen-
ersch, 2010). Infested colonies require to be treated to
avoid injury of brood and adults (Elzen et al., 2000).

Miticides were successfully used inside bee colonies
to suppress mite population. Despite of treated colonies
with miticides showed more productivity than
untreated ones, the continual use of synthetic miticides
increase the chance of Varroa resistance development
to these chemical products (Sammataro et al., 2005)
furthermore, their harmful effects to human through
hive products contamination (Bogdanov, 2006 and
Alshafy, et al., 2021). On the other hand, miticides are
also toxic to honeybee (Shoukry et al., 2013) and
subsequently, activate the bee’s detoxification
mechanisms which considered an energy demanding
and may affect their health. Thus, the use of naturally
origin acaricides that are safe for non-target species as
human and bees is highly being promoted. Many plant
essential oils exhibit considerable acaricidal activity
(Sabahi et al., 2018) can be used as natural miticides
and alternative to, or in rotation with synthetic

miticides to give the colonies a break from chemical
sublethal effects or combs contamination (Hybl, et al.,
2021). Caraway (Carum carvi L., family: Apiaceae) is
a widespread plant grown everywhere in the world.
Fruits of Caraway plant are used as beverages, foods
flavoring agent besides various uses in ethnomedicine
because of its own antimicrobial, spasmolytic, antio-
xidant, anti-inflammatory and immunomodulatory pro-
perties (Keshavarz, et al., 2013). The current work
aimed at evaluating the miticidal activity of Caraway
essential oil compared to the synthetic miticide Apistan
(tau-fluvalinate) which is frequently used inside bee
colonies regarding their effect on honey bees, A.
mellifera.

MATERIALS AND METHOD

This work was done in late Fall (2020) in the apiary
of Honeybee Research Plant Protection Research
Institute, Agric. Res. Center, El-Zagazig Branch,
Shargia Governerate. Adults and sealed broods of the
honeybee colonies of Research department apiary were
examined for mite infestation before selecting the
experimental colonies. Nine honeybee A. mellifera
colonies, in Langstroth beehives naturally infested by
ectoparasitic V. destructor mites, were selected for this
trial. Colonies were standardized for bee frame, brood
and infestation levels and divided into three groups;
each with three replicate colonies.

Essential oil extraction

The Carum carvi seeds were purchased at a local
market in Sharkia province. Seeds of (500 g) were
washed and then placed in a flask of hydro-distillation
apparatus with 2 litres of distilled water and boiled for
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three hours using a Clevenger-type apparatus. The ess-
ential oil was then collected and dried over anhydrous
sodium sulphate.
Gas Chromatography analysis of Carum carvi oil
GC/MS assay of Caraway oil was performed at
National Research Center (NRC), Egypt to screened its
components using a Thermo Scientific, Trace GC
Ultra/ISQ Single Quadrupole MS, TG-5MS instrument
with 30m, 0.251mm, 0.1 mm film thickness as silica
capillary column. Electron ionization energy (70 eV)
and helium gas as the carrier were used at 1mL of oil
/min at 280 °C in GC/MS detection. The volatile oil
exposed to initial temperature 40 °C (hold 3 min) to
280 °C as a final temperature at an increasing rate of 5
°C/min (hold 5 min) in programmed oven. The quantity
of the identified components was exhibited by using
relative peak area as percentages. The unknown
compounds were identified based on the NIST,
WILLY library data of the GC/MS system in comp-
arison with their mass spectra.

Experimental design and treatments application

Three groups were designed to evaluate the effi-
ciency of Caraway essential oil compared to Apistan,
commen and simplest defence against the Varroa mite,
and control group. First group, two ml/colony of
Caraway essential oil, at 100% concentration, was
applied using two stripes of carton (2 x 10 ¢cm) held
between the brood nests. The treatment was performed
three times, each with a seven-day interval. For second
group, Apistan (10% fluvalinate) was administrated as
one Apistan strip/colony hanged between two brood
combs in treated colonies. The third control group,
three untreated colonies were left as control. Colonies
were received sugar syrup solution (50%) weekly
throughout the experiment time.

Efficiency of treatment applied

The effectiveness of the treatment was verified by a
reduction in the percentages of Varroa mite infestation.
The Varroa infestation percentages in sealed brood
cells and on worker bees were recorded before and
after each treatment.

For sealed brood

Samples of 50 sealed cells were selected randomly
from the brood frames in each tested colony. The cells
were scratched, prepupae or pupae were removed,
carefully examined and the infested cells were counted.
The infestation percentage was calculated as follow:

Number of infested cells
Number of examined cells

Infestation % = X100

For adult workers

Bees were taken from the hive combs where, about
100 workers bee sample were collected randomly from
both the brood chamber and the honey super of each
colony using washing technique. The bees were
immersed in water with detergent, shaking well and
then removed using a wire net. The fallen mites and the
collected bees were counted (Ritter, 1981).

The percent of infestation was calculated as:
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Infestation © Total number of mites ¥100
nfestation % =
Total number of bes

During treatment period the infestation percentages
in both worker brood and adult bee were estimated
weekly post each treatment. The reduction percentages
in mite infestation were calculated according to the
equation of Henderson and Tilton (1955).

Reduction of infestation % =1 — [%] X100
Where: Ta, % infestation of treated colonies after
treatment; Cb, % infestation of untreated colonies
before treatment; Th, % infestation of treated colonies
before treatment and Ca, % infestation of untreated
colonies after the time period of treatment.

Mites fall and dead worker bees

The fallen mites were counted using plastic sheet
coated with vaseline and covered with wire mesh
placed on the hive bottom board. The sheet was
replaced with new clean one at the end of each
treatment and dropped mites were recorded. Dead
worker bees were also checked post each treatment.

Biochemical assay

Phenol oxidase

Samples of honeybee workers and pupae were
collected after 14 days post treatment with essential oil
and Apistan then weighed and frozen. The frozen
samples were homogenized in 1ml of distilled water
using chilled glass Teflon homogenizer (MPW-309
Mechanic-Preczyina, Poland) and then centrifuged
(Hettich, Germany) at 6.000g for 10 min at 5°C. The
supernatant of each group was used.

The activity of phenol oxidase was determined
according the method of Ishaaya (1971) in which using
catechol as the substrate. The activity was measured at
405 nm after mixing 0.5 mL phosphate buffer (0.1 M,
pH 7) with 200 pL enzyme solution and 200 pL
catechol solution (2 %).

Genotoxicity (DNA damage marker)
DNA integrity using comet assay

The simple evaluation of cellular DNA damage in
honeybee worker after treatment with Caraway oil and
Apistan after 14 days was obtained by comet assay
method (The single cell gel electrophoresis assay,
SCGE) under alkaline conditions as maintained by
Singh et al., 1988.

The individual cell of a honeybee worker was first
mixed with low melting agarose before being applied
on the Oxi Select Comet Slide, and then embedded
cells were treated with a lysis buffer and alkaline
solution to denaturate and relax the DNA. the slide
samples were then electrophoresed in a horizontal
chamber to separate intact DNA from damaged pieces.
Following alkaline electrophoresis, the samples were
dried, stained with ethidium bromide dye (12 ug/ml),
and examined using epifluorescence microscopy.
Under these conditions, damaged DNA (containing
cleavage and strand breaks) will move further than int-
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act DNA, resulting in a "comet tail" shape which can
be calculated as follow:

Tail moment (arbitrary unit) = Length of DNA
migration (um) x percentage (%) of migrated DNA.

Statistical Analysis

All the data were expressed in means +S.E and
percentages. The results were statistically evaluated
using one-way (ANOVA). Comparison of treatments to
determine means that are significantly different
Tukey's HSD was applied. Costat (Costat, 2005) statis-
tical software package was used. The significance
differences determined at p < 0.05. level.

RESULTS

Reduction percentage of Varroa infestation on adult
workers

Data in table (1) revealed the mean reduction
percentages of Varroa mites on adult honeybees treated
by Caraway oil and Apistan. Post the first treatment,
significant difference was observed in the reduction
percentages of Varroa infestation between the tested
essential oil and Apistan (p <0.005) recorded 27.65 and
41.20 for Caraway oil and Apistan, respectively. Post
the third treatment data indicated a clear reduction in
the infestation percentage in both Caraway oil
(84.42%) and Apistan (88.31%) with no significance
difference between (p=0.2594).
Reduction percentages of VVarroa infestation on
worker brood

The mean reduction percentages of Varroa mite

infestation on worker brood after treating the honeybee
colonies with Caraway essential oil and Apistan strips
were illustrated in table (2). Data revealed gradual
reduction in Varroa mite infestation percentages on
sealed brood from the first to the third week post
treatments reached (70.65%) and (75.58%) with
essential oil and Apistan, respectively. The reduction
percentages with Apistan group was significantly
higher after the first treatment p= 0.0052 whereas, the
statistical test (one way ANOVA, Tukey's HSD)
performed no significant difference (p >0.005 between
the two treatments after the second and third
treatments.

Mites fall and dead worker bees

Results obtained (Table 3) indicated that the highest
number of fallen mites/treatment was recorded after the
first and second treatment with both tested essential oil
and Apistan compared to control colonies. Apistan
treatment recorded higher total number of fallen Varroa
(74.65) followed by Caraway oil (67.67) and control
(44.99). Data presented in (Table 3) indicated that the
experimented Caraway essential oil and Apistan didn't
cause mortality of worker bee throughout the
experimental period.

Identification of Caraway oil

Carum carvi oil was analyzed using the GC/MS
analysis. A total of 16 compounds were identified in
the essential oil, with 97.33% of the total oil as shown
in (Fig. 1). Data in table (4) showed that Caraway oil
contain Limonene and carvone as a major compound
with 38.81% and 35.43 % (Fig. 2) followed by a-
Myrcene (7.3%), Dihydrocarvone (5.58%), Limonene

Table (1): The mean values of V. destructor infestation and reduction (%) of honeybee workers after different of

exposures intervals to Caraway oil and Apistan strips.

Varroa infestation and reduction rate (%)

Exposure intervals

Treatments trsgfr?]fm _ _First _ _Second _ _Third
infestation reduction infestation reduction infestation Reduction

Control 21.48+0.74 22.5+1.47 - 26.21+0.99 - 27.92+1.22 -

Caraway oil 29.00£1.73 24.00+£0.56  27.65 +1.63 11.53+0.96 67.28+1.87 5.88+0.32 84.42+1.67

Apistan 27.30£0.98 18.22+0.97  41.20 +0.96 9.11+1.00 72.31+1.62 4,21+0.31 88.31+2.44

LSD - - 5.2864 - 6.8861 - 8.2328

p - - 0.0021 ** - 0.1128 ns - 0.2594 ns

Data expressed as in means +S.E. Different letters means per column are significant effect based on Tukey’s HSD test, at p < 0.05. **, is highly
significant and ns, non-significant. LSD, means low significance differences at probability value (p < 0.05).

Table (2): The mean values of V. destructor infestation and reduction (%) of honeybee workers brood after different of

exposures intervals to Caraway oil and Apistan strips.

Varroa infestation and reduction rate (%)

Exposure intervals

Treatments Before

First Second Third
treatment — - - - - - - - -

infestation reduction infestation reduction infestation reduction
Control 18.30+1.19  19.66+0.42 - 21.66+1.02 - 24.00+1.73 -
Caraway oil 23.63+0.85 19.70+1.38  22.45 +1.09 12.90+0.52 53.83+1.47° 9.10+0.81  70.65+1.63
Apistan 26.00£1.53  19.20+0.67 31.40 +1.18 12.66+0.29 58.86+1.45° 8.30+0.46  75.58+1.66
LSD - - 4.4797 - 5.7587 - 6.4903
p - - 0.0052 - 0.0724 ns - 0.1028 ns

Data expressed as in means +S.E. Different letters means per column are significant effect based on Tukey’s HSD test, at p < 0.05. **, is highly
significant and ns, non-significant. LSD, means low significance differences at probability value (p < 0.05)
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oxide (5.13%). On the other hand, the minor comp-
ounds are a-Bourbonene (0.07%), (+) Spathulenol
(0.09%), Perillaldhyde (0.11%), transCaryophyllene
(0.12%), a-elemene (0.13%) and a-ocimene (0.41%),
respectively.
Phenol oxidase activity

The observed data in figure (3) cleared significance
inhibition (p <0.005) of the activity of phenol oxidase

RT: 0.00 - 56.01

in honeybee worker with Apistan (34.19 U/g.b.wt)
whereas, remarkable increase in enzyme activity were
detected with Caraway volatile oil (92.26 U/g.b.wt) in
comparison to control (83.48 U/g.b.wt). Data showed
Caraway oil caused moderate significance elevation in
phenol oxidase activity of honeybee pupa with
essential oil compared to control and Apistan treatment
(P=0.0015).
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Figure (1): GC-MS chromatogram of the volatile Caraway essential oil.
used synthetic miticide inside bee colonies. The
o percentages of Varroa mite infestation were gradually
reduced after each treatment on both the workers brood
and adults with essential oil and Apistan. Nevertheless,
Apistan significantly reduced Varroa infestation after
the first week compared to Caraway oil, insignificant
. c difference was observed after the second and third
Limonene Aarvone weeks of treatment. The toxicity of the tested essential

Figure (2): The main components of Carum carvi L. oil
identified by GC-MS analysis.

Gentoxicity

Comet DNA assay

Genetic damage in treated and infested workers
obtained through the comet assay was presented in
figure (4) and table (5). The highest values of genetic
damage were observed in the infested adult and
Apistan treatment where, DNA damage percentages
were (21.63% &20.1%) and tail length (8.39 &10.84),
respectively. Low damage in comet percent observed
with Caraway treatment recorded a close value (12.4)
to that of control (9.6) with significant lower values in
tail length (7.29 and 7.87) than Apistan treatment.
There were non-significance differences in tail moment
and olive tail moment when compared with control
group at (P=0.2397 and 0.7801).

DISCUSSION
The current work was carried out during Fall to

evaluate the efficacy of Carum carvi essential oil
against Varroa mites compared to Apistan a widely
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oil to Varroa mite increased by increasing the exposure
time, the same trend was observed by Damiani et al.
(2009) with essential oils they tested. Moreover, the
decrease of brood during late fall and early winter
makes Varroa very susceptible to control by essential
oils where most Varroa mites will exist on worker bees
(Noel and Amrine, 1996).

Bworker BPupa

92.26

3419

phenole oxidase activity

Apistan Control

Treatment used

Figure (3): Effect of Caraway volatile oil and Apistan on phenol
oxidase activity in worker and pupa Apis mellifera.
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Regarding the dropped mites, the highest total numb-
ber of Varroa mites on the sheet was recorded after the
first and second treatments with the essential oil and
Apistan in comparison to control. Increasing of fallen
Varroa mites in honeybee colonies exposed to Caraway
essential oil may attribute to the activation of the
defence behaviour mechanisms of worker bees against
Varroa mite by plant essential oil (Noor Islam et al.,
2016). In the same context, Salem et al., (1998)
suggested that some changes occurred in the
haemolymph of honeybee workers may be due to
feeding neem extract, resulted in an increased of
Varroa mite fallen on the sheet.

The GC-MS analysis of C. carvi volatile oil revealed
that the major components are limonene and carvone
with 38.81% and 35.43 %, respectively. Many previous
literatures mentioned carvone and limonene as the
main constituent’s portion of Caraway oil with
different percentages (Laribi et al., 2010; Rivera et al.,

2010; Baananou et al., 2013; Abou El-Soud et al.,
2014; Chizzola, 2014 and Garaya et al., 2016). The
ratio of these two major compounds is responsible for
expressing the quality of Caraway oil. The ratio of
limonene to carvone may impairment by increasing the
storage time as maintained by (Sedlakova, 2001;
Mahboubi, 2019 and Gaji¢ et al., 2020). On the other
hand, C. carvi oil contains small amount of carvone on
the authority of Hajlaoui et al. (2021).

It is proposed that toxicity may be due to the
combination of C. carvi oil constitutes. The major
concern nowadays is the use of essential oils for Varroa
control instead of chemical control as Apistan while
very few data regarding their effects on honeybee are
known particularly their intervention with immune
response and genotoxicity. Therefore, the current work
evaluates the impact of Caraway oil and Apistan on the
activity of phenol oxidase of honeybee adults and pupa
beside their acaricidal action.

Table (3): The effect of tested Caraway essential oils and synthetic Apistan on the number of fallen Varroa mites

and bee mortality.

No. of No. of fallen mite after treatments
Treatments fallen mite Exposure intervals Total Bee mortality
before - ) Number
treatments First Second Third
Control 12.33 13.67 14 17.33 44,99 0.00
Caraway oil 17.33 23.33 28.33 16.00 67.67 0.00
Apistan 18.66 31.67 24.33 18.66 74.65 0.00

Table (4): The identified GC-MS phytochemical
compounds of Carum carvi L. essential oil

No. Rt  Compound name Area%
1 8.23 a-ocimene 0.41
2 9.46 a-Pinene 1.17
3 10.06 a-Myrcene 7.3
4 11.22 dl-Limonene 38.81
5 12.16 a-Phellandrene 0.28
6 13.41 Linalool 1.45
7 14.44 Limonene oxide 5.13
8 16.36 Dihydrocarvone 5.58
9 17.27 SCaranol, 0.99

(1S,3R,5S,6R)

10 17.53 Carvone 35.43
11 18.84 Perillaldhyde 0.11
12 21.25 a- Bourbonene 0.07
13 21.42 a- elemene 0.13
14 22.1  transCaryophyllene 0.12
15 25.9 (+) spathulenol 0.09
16 2598 O Cag)‘(’i%hey"e”e 0.26

Total 97.33
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Figure (4): Fluorescent microscopic images of worker bee
cells injury in different treatment groups Comet assay showing
DNA damage degree. A, control group; B, Caraway oil-treated
group; C, Apistan-treated group and D, infested-untreated
group.

Regarding the pupal stage, Caraway oil cause
significant increase in the activity of PO compared
with control and Apstain treatment. During this stage,
it increases cuticle pigmentation and sclerotization to
build the adult bee's exoskeleton. Therefore, PO is
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considered a key enzyme for honeybee development.
In the opinion of Zufelato et al. (2004), the exo skelet-
on differentiation in the adults of honeybee is due to
increase melanization of pupal cuticle related to
increase of enzyme activity. In the same context, the
inhibition of the PO activity is the reason of delaying
cuticle hardness in honeybee pupae and insequence its
development (Zufelato et al., 2000).

It is noted from the current data that Apistan
treatment significantly reduced PO activity (34.19
U/g.bwt) than control (83.48 U/g.b.wt), this reduction
may cause weakness in the immune response of adults
when faced different stressors. Fortunately, Caraway
essential oil caused increases in the enzyme activity
(92.26 U/g.b.wt) in comparison to control.

The genetic biomarker as comet assay (single cell gel
electrophoresis) is now frequently used in genetic
toxicology since it is simple to measure DNA damage
on an individual cell level (Azqueta and Collins, 2013,
Villar and Ojeda, 2019). The low damage in comet %
observed with Caraway treatment recorded a value that
was close to that of the control (12.4 and 9.6 %,
respectively). The high damage observed with infested
workers followed by Apistan treatment (21.63 and
20.1%, respectively) demonstrates the damage that
Apistan can induce to honey bees. Meanwhile, incre-
asing the amount of DNA damage and comet ftail
length may cause cell apoptosis (EI-Gendy, 2021).

Caraway essential oil, in general, proven a safe app
roach as a natural control of Varoaa damaging with the

Table (5): Genotoxicity of Caraway oil and Apistan verses untreated worker honeybee cell integrity using a comet

assay.
Quantified DNA damage
Treatments Damage% Tail length Tail moment Olive tail
moment
Control 9.60° 7.87% 0.43 0.63
Caraway 12.40° 7.29° 0.80 0.92
Apistan 20.10° 10.84° 0.96 0.70
Infested worker 21.63° 8.39% 0.69 0.85
LSD 1.22 2.37 0.55 0.72
p 0.0000 ™" 0.0376 * 0.2397™ 0.7801™

Data expressed in Means+S.E; Same letters per column mean non-significant effect; different letters
mean significant effect at p <0.05 according to Tukey’s HSD test; ***_ highly significant; *, signifi-
cant; ns, non-significant. LSD means low significance differences at probability value (p < 0.05)

protection of honeybee community interaction due to
its beneficial components. Caraway oil includes
Carvone, which, when combined with Limonene and
Carvacrol, has anti-inflammatory, antioxidant, and
antibacterial properties. Also, monoterpenes as Carv-
one and limonene possess an immunomodulatory
activity of Caraway essential oil. These observations
were supported by the findings of Keshavarz, et al.
(2013) and Tarek et al. (2014).

CONCLUSION

Recently, the use of natural materials for Varroa
mite management has supported the need to overcome
resistance to currently used acaricides and provide
residue-free hive products. It may be concluded that the
studied essential oil Carum carvi is efficient against
Varroa mite infection and can be used safely inside bee
colonies as an alternative to, or in rotation with,
synthetic miticide (like Apistan) and may fit well into
an IPM programme for Varroa mite control. On the
other hand, it is critical to investigate the impact of in-
hive miticides on the vital functions of honeybees in
order to protect their social lives from injury.
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