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Effectiveness of herbal essential oils as fumigants to
control Varroa destructor in laboratory assays
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Abstract The effects of using herbal essential oils as fumigants to control Varroa destructor Anderson & Trueman, and
the toxicity of these compounds to honeybees, were assayed under laboratory conditions. The results showed that all the
oils tested were, to some extent, toxic to honeybees but anise oil, clove oil and cinnamon oil caused 92.5% , 54% and
12% mite mortality respectively with no toxicity to bees after 48 h. There were significant differences in toxicity between
the three oils and the control (P <0.05). The acute toxicity of anise oil and clove oil to mites was further evaluated by
estimating LDy, values. The LD, values of anise oil for V. destructor and A. mellifera were 0.949 pL and 4. 033 pL,
respectively, and those of clove oil were 0. 795 pL and 1. 965 pL, respectively. Anise oil had a higher selective ratio after
48h (LD, to honeybees /LD, to mites =4.250) . The chemical composition of anise oil and clove oil were analyzed and
identified by gas chromatography — mass spectrometry (GC-MS) . The most abundant compound in anise oil was (E) —
anethole (88.72% ). The main components of clove oil were Eugenol (68.28% ) and Caryophyllene (20.79% ). These
results show that anise oil and clove oil are promising acaricides that could be used for controlling Varroa mites in
beehives.
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Fig.1 Experimental apparatus
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1 :bee area; 2: essential oil area; 3: centrifuge tube;

4: ventage; 5: filter paper; 6: yarn.
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Table 1 The doses of essential oils without toxicity to honeybees and LD, values for honeybees at 48 h

h 8 25 4

Chinese herbal medicine

FH

Scientific name

X} 0 B R ) 48 h H ) LDy, (ul)
RV, ()

No-toxic-effect dose level

LD,, values for

honeybees at 48 h

1EH
Bunge pricklyash
fibt
Chinese pine
¥R
Lily magnolia
W EE

Cassia bark

Pericarpium zanthoxyli

Folium pini

Flos magnoliae

Cortex cinnamomi

ER=AR
Round cardamom
th 4%

Galange resurrectionlily
J\ ST A
Truestar anisetree
e

Common turmeric

Wi B

Tangerine peel

1A
Clove

Fructus rotundus amomi

Rhizoma kaempferiae

Fructus anisi stellati

Pericarpium Citri Reticulatae

Flos caryophylli

Rhizoma curcumae longae

2 3.389
3 9. 905
1 4.376
2 9.786
0.5 2.930
6 16. 043
2 4.768
2 7.718
2 10. 022
1 3.034
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Fig.2 Mean percent mortality ( + SE) of Varroa destructor after 48 h at the corresponding doses (V__ )
B0 BEAN [ R 22 5 8 %% (P <0..05) .

Histograms with different letters indicate significantly different at 0. 05 level based on ANOVA and vice versa.
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Fig.3 The toxicity of anise oil against honeybees (a) and Varroa destructor (b) at different doses
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Fig.4 The toxicity of clove oil against honeybees (a) and Varroa destructor (b) at different doses
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Table 2 LD, values for Varroa destructor and Apis mellifera, and 48 h selectivity ratio for anise oil and clove oil

W9 LD, (L)

W LD, (L)

= EHEL
7 V. destructor LDy, (pL) A. mellifera LDy, (pL) Selectivity
Group
4h 12h  24h 36h 48h 4h 12h  24h 36h 48h ratio 48 h
16 &l Anise oil 1.978 1.384 1.116 1.011 0.949 9.485 2.811 3.364 3.533 4.033 4.250
T # i Clove oil 3.531 1.056 0.895 0.819 0.795 >25 3.392 2.282 2.107 1.965 2.472
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[Fi I 1557 il 7 48 b I A7 A e Ik R L 0 1Y
LD, /i ff) LD, =4.250) »

2.4 REWHEHKS T

] SR T AR (> 1% ) 4y BT
R 3o HIER 3 YA, AR Y R O R
75 i o7 2 (¥ 88.72% ;17 A 1Y) E B a4y
h T AWy (68.28% ) R A1 17 I (20.79% ) » i #
B B 1 89% LA L.

3 i

ACHIEFT 3 T 2R 0 B I A i g )
Ve, ARSI S A 0 R E T B AT DU OR HoX

WA 7 G TR IR R R 2y A Rl e FRATTAE A B 5T
BEVE Tl T S 8 = 4% 1R 0 L BTl 7 ik 110
B (LR H 5 1201110395444, 6) 5 fig [7) I i) 5
e S 2 RS Vil ) R R R R RS B AR b
O AT — J LLE s B AR B g 5 b, DL I i
EL 00 &, B e W A e A b i 2B IR . SR
WY 10 Foft 75 5 1 0 2 e 0 AT — o 1O B R P R R
RN AENCIB RS TR 5 T A sl 3, e n
JEAET AL, JE I 9 S 5K T IR S il W il .
T AE IR 55 M 22 #E Mk b B E IR 28 L (Rattan,
2010) o S RS YN B e p 0 I 4y HORR A R
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®3 EEAMTEHNEIELERS (>1%)
Table 3 Main compounds( >1%) of anise oil and clove oil identified by GC-MS

TR J\S (%) T& (%)

Main compounds Anise oil Clove oil
¥7 1 M D-Limonene 2.113
HE N Estragole 2.907
i & Anisaldehyde 1. 370
A A (CE) - anethole 88.715
X P 2 (3 L 2T M 4 A K L 364
1-(3-Methyl2-butenoxy) 4-(1-propenyl) benzene
T % Eugenol 68. 284
A1 71 Hi Caryophyllene 20. 791
a~f1 17 )% a-Caryophyllene 2.478
LT FMYEE Phenol, 2-methoxy-4—(2-propenyl) -acetate 6.034

TAE T L I 0] 2 e BE A AT 56 Wil » oA Bl OR ik
2 36% , MAE 1.5 WL A2 WL ISR 3% 0 250 R 0 ik
F90% A b, BRI LT R A 10% it . ] il
761 wL F10.5 WL I AR 3% i 25 SR Ak 31 64. 44% Al
24% » W HE T F AL Ny 8.33% I 1% o Gashout
25 (2009) WFFE T 1 R it x e G ) ik o7 28RS &
RARYIMEZy 4 h 5 i 06 0 A % 20 T2 98 2 87 %
B ARG G5 R AL iy B H AT b (ke WA R
T ARG T 28R 1) SR 5

R VPR 0 v M 3 R i L Ry
SR T IR TR A 1R R 2SR A I T PR R 4 L 4
Y7 V5 A5 5 R A A RS IR A 0 M R X AT
DA RE Ay A AN TR) B AT 5T 5 3R 49 10 45 SR AN 58 42 A
) (A B 45, 2005) o BRI G, 0 75 R il 1) A 23 4
JE e AR o T HAT BUG — 26 ) AR g AT
AN AE 5 i A 0 R R T I TS
R AR BEAT N T i A8 1 I St AT R kAl
1) % B e GC-MS B85 43 A7 tH 17 75 i 1) 3 2
oy R F MW ((E) -anethole) , T 7 i i) &
Bl o T K B (eugenol) F1 g1 4T 4
(caryophyllene) -

AT ST B 5 1 ARG T AT RS 7 Bl A
W 7 T B A AR R Do D 0 0 B S 5 0
X2 Tyl B PO ROR A A A VR . B
A BE— 0 1l 8 T R Db ek I g Bl G AT M
J8 53> 4 S R0 R S G 2 ) R R T R B A AR
o
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