
INTRODUCTION

Propolis is one of the beehive products which is 
collected by honey bees from different parts of plants, 
such as buds and exudates (Greenaway et al., 1990). 
Honey bees, such as Apis mellifera, use propolis to seal 
hive walls and its entrances, strengthen the combs, and  
embalm dead invaders (Ghisalberti, 1979). Various 
chemical investigations on propolis solvent extracts and  
essential oils have shown that its composition is complex  

and depends on the local plant flora, region, and climatic  
conditions of the collection site (Jihene et al., 2018). Pro- 
polis also contains volatile organic compounds, which, 
despite their low proportions, have important biological 
effects (Bankova et al., 1994; Borčić et al., 1996; Torres  
et al., 2008; Jihene et al., 2018). Various terpenes (mono- 
terpenes and sesquiterpenes), alcohols (mainly aromatic  
alcohols), phenols, aldehydes, ketones, acids (from ace-
tic to stearic acid), esters, many series of alkanes, alkyl- 
ated benzenes, and naphthalene have been reported as 
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volatile organic compounds in propolis from different 
origins (Bankova et al., 1992; Marcucci et al., 2001).

Varroa destructor (Anderson and Trueman, 2000) 
plays a critical role in the decline of honey bee popu-
lations. This parasite feeds on the bee’s fat body and 
hemolymph (Ramsey et al., 2019), leading to various 
infections at the individual and colony levels (Annoscia 
et al., 2012). Additionally, the mites serve as vectors for 
several bee viruses (Grozinger and Flenniken, 2019). In-
festation by Varroa mites can result in colony diseases, 
death, and substantial economic losses to the beekeep-
ing industry (Orantes-Bermejo et al., 2010; Nazzi et al., 
2012).

Various approaches, including physical, biological, 
and chemical methods, have been employed to control 
the mites. In recent years, synthetic acaricides such as 
tau-fluvalinate, amitraz, and coumaphos have been used  
as the primary means of control. However, these chem-
icals result in the accumulation of residues in hive pro- 
ducts can be harmful to bees (Bogdanov et al., 1998; 
Rosenkranz et al., 2010). To address these concerns,  
natural alternatives such as organic acids (formic acid, 
oxalic acid, and lactic acid), essential oils (thymol, carva- 
crol, and menthol) (Akyol and Yeninar, 2009; Smodiš 
Škerl et al., 2011; Tutun et al., 2018; Pusceddu et al., 
2021), and propolis (Drescher et al., 2017; Pusceddu et 
al., 2018; Hussein and Ayoub, 2019; Pusceddu et al., 
2021; Bragança Castagnino et al., 2023; Ayad et al., 
2024) have been reported to be environmentally friend-
ly options with strong acaricidal activities against the 
mites (Vilarem et al., 2021).

There have been several reports on the chemical com-
position and biological activities of propolis essential oils  

(PEO) originated from European (Janes and Bumba, 
1974), Asian (Greenaway et al., 1989; Kaškonienė et 
al., 2014), Latin American (Salatino et al., 2005) and a 
few African countries (Bankova et al., 1998; Haile et al.,  
2012; Jihene et al., 2018; Ayari et al., 2020).

However, to the best of our knowledge, the chemical 
composition and acaricidal activity of Korean PEOs 
have not yet been investigated. Therefore, the present 
study aimed to analyze the chemical composition of 
essential oils from Korean propolis collected from three 
localities and to evaluate their acaricidal effects against 
V. destructor. 

 

MATERIALS AND METHODS

1. Materials and chemicals

Sugar, a deep freezer, a Clevenger apparatus, a con-
denser, a plastic cylinder (6.5 cm in height and 3.5 cm 
inner diameter), and cryogenic 20 mL glass vials (4.3 cm 
in height and 3.0 cm inner diameter), Whatman No. 1 fil-
ter paper, acetone, and tau-fluvalinate were used. Chlo-
roform and anhydrous sodium sulfate were purchased 

(Daejung chemicals and metals Co., LTD, Siheung-si, 
Gyeonggi-do Province, and Duksan pure chemical Co. 
LTD, Ansan-si, Gyeonggi-do) in Korea, respectively. All 
other chemicals were purchased from Sigma-Aldrich St. 

(Louis, Missouri, USA), unless specified.

2. Sample collection

Korean propolis, produced by Apis mellifera was col-
lected from the Beelab at GyeongKuk National Univer-
sity (formerly Andong University), Andong, as well as 
from Gongju mountain and Gongju field in spring 2021. 

3. Extraction

Fresh propolis was collected from cloths by putting the 
cloths in a deep freezer at -80℃ (Ilshin BioBase Co., 
Ltd., Dongducheon-si, Korea). The samples were then  
ground and subjected to hydro-distillation in a Clevenger- 
type apparatus for 3 h. The oils were dried with an- 
hydrous sodium sulfate, and the yielded oils are presented  
in Table 1. Essential oil yield was calculated as % (w/w).

Table 1. Hydro-distilled volatile oil of propolis samples 

Sample code Propolis collection site Amount of material (g) Amount of oil (mg) % Yield

GM Gongju mountain 12 20 0.16
GF Gongju field 10 14 0.14
AN Andong 50 121 0.24
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4. GC-MS condition 

GC-MS analysis was conducted using a GC (7890B, 
Agilent Technologies, Santa Clara, California, USA) 
coupled with an MS (5977A Network, Agilent Technol- 
ogies, Santa Clara, California, USA). An HP 5MS column  

(non-polar column, Agilent Technologies) with 30 m×  
250 μm internal diameter (i.d.) and 0.25 μm film thick-
ness was equipped in GC. The carrier gas was helium 
with flow rate of 1 mL/min. The injector temperature 
was 230℃, and injection mode was performed in split 
mode with split ratio 10 : 1. The initial oven temperature 
was at 40℃ and held for 5 min. It was then increased to 
250℃ at a rate of 6℃/min and held at this temperature 
for 20 min. The total run-time was 60 min. Mass spectra 
were recorded in electron ionization (EI) mode at 70 eV, 
scanning the 50-650 m/z range. The compound identi-
fication was done by comparing the mass spectra (MS) 
of the compounds with those in the database of NIST11  

(National Institute of Standards and Technology, Gaithers- 
burg, USA). Relative amounts of the detected com-
pounds were calculated based on the peak areas of the 
total ion chromatograms (TIC) and literature search. 

5. Collection of Varroa mites 

In this study, a total of 200 adult female Varroa mites 
were collected from adult bees of colonies maintained at 
the Experimental Apiaries of Gyeongkuk National Univ- 
ersity. Colonies that had not been treated with acaricides 
for at least one month were used in all trials. Mites were 
separated from the bees by placing them in a large jar 
with a mesh lid containing 20 g of powdered sugar. 
The jar was then inverted and shaken. The dislodged 
Varroa fell through the mesh lid and were collected in  
a sieve to remove the powdered sugar. The Varroa mites 
were tipped onto a clean sheet of paper. Five active 
females were selected under the microscope, and later 
transferred into 20 mL glass vials treated with test sam-
ples. 

6. �Contact toxicity assay of propolis essential oil 
to Varroa destructor 

Tau-fluvalinate was dissolved in 96% ethanol to pre-
pare concentrations equivalent to the standard positive 
control for assay. Propolis essential oils were tested for 

their acaricidal activity against Varroa mites using the 
complete exposure test. After preliminary tests, five  
serial concentrations of each test sample were prepared 

(0.5 mg/mL, 0.125 mg/mL, 0.03 mg/mL, and 0.008 mg/
mL) in acetone from a stock solution of 2 mg/mL. Then, 
1 mL of each solution was placed into a 20 mL glass 
scintillation vial using micropipette based on the method  
described by Sabahi et al. (2018). Acetone (purity 99.5%;  
CAS No. 67-64-1; Daejung, Siheung-si, Gyeonggi-do 
Province, Korea) was used as the negative controls. The 
vials were rolled out to distribute the solution on their 
inner walls. After the acetone evaporated (ap. 5 min) un-
der a steady stream of nitrogen gas, the vials were cap- 
ped. Five adult female mites were introduced into each 
vial using a fine paintbrush and left in the dark at room 
temperature (26℃ and 65% RH). A total of 165 mites 
were used for each test samples in triplicate. To deter-
mine the toxicity of the oils, the number of dead mites 
was recorded at 4 h post-treatment (hpt). Mites were 
determined as dead if they did not move when observed 
under a microscope after being touched with a fine-
tipped brush.

7. �Fumigant toxicity of propolis essential oil to  
honey bees

The test was carried out using a plastic cylinder (8 cm 
in height and 8.5 cm inner diameter). Whatman No. 1 
filter paper was placed in the plastic cylinder and 1 mL 
of solution propolis oil (2 mg/mL, 0.5 mg/mL, 0.125 mg/
mL, 0.03 mg/mL acetone) was uniformly distributed on 
the filter paper. The solvent was allowed to evaporate for  
3 min and 12 workers honey bees were placed in the plas-
tic cylinder treated with the propolis oil. The same pro-
cedure was applied for the negative control, using only  
acetone. The number of dead honey bees were counted at  
4, 8, 12, 24, 48 and 72 h post-treatmnt.

8. Statistical analysis 

All the results are expressed as mean±SD (standard 
deviation). The one-way ANOVA followed by Dunnett’s 
test was used for statistical analysis. Differences with P 
values<0.05 were considered statistically significant. 
For the acaricidal activity test, individual test samples, 
regression lines, 4h-LC50 values, X2 and 95% confidence 
limits were calculated for the toxicity test responses of 
propolis oils to adult females of Varroa mites (V. destruc-
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tor) using the Probit analysis in SPSS version 16 (Chi-
cago, SPSS Inc., 2007). Since the toxicity results were 
binomial response (alive or dead mites), we used probit 
analysis. Statistical significance of differences in mortal-
ity between the oils collected from different sites were 
examined using the Chi-Square test of independence.

RESULTS 

1. Propolis oil yield

It has been reported that the optimal percentage prop-
olis oil yield is obtained at 3 h (Ayari et al., 2020). We  
used this optimized method to extract essential oils uisng  
the hydro-distillation technique. The perecntage yield 
of the oils from propolis collected from Gongju moun- 
tain and Gongju field hives were 0.16% and 0.14%, 
respectively (Table 1 and Fig. 1). However, samples col-
lected from Andong yielded a higher oil yield (0.24%). 
In general the precentagy oil yield of Korean propolis 
collected from three sites ranged from 0.14% to 0.24%.

2. Chemical composition

The composition of Korean propolis essential oils is 
shown in Table 2 and Fig. 2-4. A total of 133 volatile  
organic compounds were identified from Korean pro- 
polis samples. 22, 91 and 93 compounds were detected 

in the volatile oils of propolis collected from Andong, 
Gongju field, and Gongju mountain sites, respectively 

(Table 2). The major constituents of propolis oil from An-
dong were the sesquiterpenes β-eudesmol (31.97%) and 
γ-eudesmol (9.55%), as well as benzoic acid (10.21%)  

(Fig. 2). On the other hand, propolis samples from other 
sites, such as Gongju mountain and Gongju field, con-
tained lower concentrations of β-eudesmol, 6.14% and 
2.51%, respectively. 

The propolis oil collected form Gongju mountain con-
tained aromatic principal constituents such as 2-methyl- 
benzyl cyanide (17.93%) and 2-Propen-1-one, 1-(2,6- 
dihydroxy-4-methoxyphenyl)-3-phenyl-, (E)-, (17.15%) 

Fig. 1. Percentage yield of essential oils from propolis. GM: Propo-
lis from Gongju mountain; GF: Propolis from Gongju field and AN: 
propolis from Andong National University.

Fig. 2. GC of Korean propolis collected from Andong (AN). Major compounds 1. Benzoic acid (10.21%); 2. 2-Propen-1-ol, 3-phenyl (5.78%); 
3. γ-eudesmol (9.55%); 4. β-Eudesmol (31.97%).
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(Table 2 and Fig. 3). The propolis from Gongju field 
had bis(2-ethylhexyl) phthalate (14.73%) as the major 
compound (Table 2 and Fig. 4). 

3. Toxicity to V. destructor and honey bees

Varroa destructor is an ectoparasitic mite that affects 
colonies of honey bee, Apis mellifera, in several coun-
tries in the world. Synthetic acaricides have been used for 
the traditional way of control during the last years but 

Fig. 4. GC of Korean propolis collected from Gongju field (GF). Major compounds 1. 2-Propen-1-ol, 3-phenyl (4.66%); 2. n-Decanoic acid 

(5.06%); 3. n-Hexadecanoic acid (3.67%); 4. Benzyl cinnamate (4.10%); 5. Nonadecane, 9-methyl- (4.24%); 6. 2-Propen-1-one, 1-(2,6- 
dihydroxy-4-methoxyphenyl)-3-phenyl-, (E) (7.43%); 7. Bis(2-ethylhexyl) phthalate (14.73%).

Fig. 3. GC of Korean propolis collected from Gongju mountain (GM). Major compounds 1. 2-Propen-1-ol, 3-phenyl (3.21%); 2. β-Eudesmol  

(6.14%); 3. 2-Methylbenzyl cyanide (17.93%); 4. 2-Propen-1-one, 1-(2,6-dihydroxy-4-methoxyphenyl)-3-phenyl-, (E)- (17.15%); 5. Bis 
(2-ethylhexyl) phthalate (6.36%).
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Table 2. Percentage composition of volatile organic compounds in the essential oils of Korean propolis

RT (min) Compound name AN GM GF

7.608 Benzaldehyde 0.08
9.339 Benzyl alcohol 2.13 1.55 0.28

11.308 Phenylethyl Alcohol 1.01 0.18
12.218 Benzene, 1-methyl-3-propyl- 1.08 0.48
12.462 Benzoic acid 10.21 0.19
12.618 Octanoic acid 0.11 0.29
13.813 Benzofuran, 2,3-dihydro- 0.08 0.17
14.954 Nonanoic acid 2.99 0.47 1.51
15.198 Cinnamaldehyde, (E)- 0.15 0.24
15.945 2-Propen-1-ol, 3-phenyl- 5.78 3.21 4.66
16.033 3-Methoxyacetophenone 0.17 0.10
16.427 Hydrocinnamic acid 1.56 0.16
17.112 3-Buten-2-one, 4-phenyl-, (E)- 0.49
17.174 n-Decanoic acid 4.70 0.63 5.06
17.907 Vanillin 1.52 0.24 0.29
18.457 2-Propenoic acid, 3-phenyl- 2.02 0.10
18.66 7,8-Epoxy-.alpha.-ionone 0.15
18.816 Cyclohexane, 1,2,4-tris(methylene)- 0.11
19.183 Cyclopropaneacetic acid, 2-hexyl- 0.45
19.258 Undecanoic acid 0.13
19.59 2H-Pyran-2-one, 5,6-dihydro-6-pentyl- 0.09
19.773 Benzoic acid, p-tert-butyl- 0.12
20.079 2-Pentenal, 5-phenyl- 0.32
20.086 3-Hexen-2-one, 6-phenyl- 2.32
20.378 2-Naphthalenecarboxaldehyde 0.11
20.561 Benzene, 1-(1-methylethenyl)-2-(1-methylethyl)- 0.06
21.036 4-Pentenoic acid, 5-phenyl- 3.61
21.288 Dodecanoic acid 0.19 2.04
21.416 (2,2,6-Trimethyl-bicyclo[4.1.0]hept-1-yl)-methanol 0.08
22.143 Hexadecane 0.16
22.441 Cedrol 0.18
22.754 .tau.-Cadinol 0.19
22.835 γ-eudesmol 9.55 1.01 0.29
22.883 Selina-3,7(11)-diene 0.23
23.005 Germacrene D 2.56
23.012 γ-Muurolene 0.78 0.18
23.1 Copaene 0.18
23.161 α-Copaen-11-ol 0.24
23.168 Benzene, 1,2,4-triethyl- 3.12 0.45
23.297 β-Eudesmol 31.97 6.14 2.51
23.534 (Z)-Dodec-5-en-4-olide 0.23
23.562 Naphthalene, 1-(2-methylpropyl)- 0.34
23.609 N-Phenylsuccinimide 0.18
23.752 Naphthalene, decahydro-1,2-dimethyl- 0.13
23.826 2-Naphthalenecarboxylic acid 0.27
24.105 5-Phenylpenta-2,4-diecoic acid 2.05
24.634 Benzenamine, 3,5-dimethyl-4-nitroso-N-tert-butyl- 0.17
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Table 2. Percentage composition of volatile organic compounds in the essential oils of Korean propolis

RT (min) Compound name AN GM GF

24.804 Tetracosane 0.14
24.865 Bisabolol oxide B 0.22
25.191 2H-Benzocyclohepten-2-one, decahydro-4a-methyl-, trans- 0.17 0.24
25.3 Benzyl Benzoate 3.96 0.34 0.24
25.537 Benzenemethanol, 4-(1,1-dimethylethyl)- 1.43 0.81 0.95
25.836 Octadecane 0.18 2.34
25.904 11,13-Dimethyl-12-tetradecen-1-ol acetate 0.17 0.24
26.006 2(1H)-Naphthalenone, octahydro-4a-methyl-, trans- 0.19 0.23
26.148 1,3,5,6,7-Pentamethylbicyclo[3.2.0]hepta-2,6-diene 0.33 0.65
26.169 Bicyclo[2.2.2]octa-2,5-diene, 1,2,3,6-tetramethyl- 0.32
26.223 10-epi-β-Eudesmol 2.72 1.27 1.37
26.834 Oxalic acid, butyl 2-phenylethyl ester 1.25 0.52 0.36
26.949 2-Benzoxazolamine, N,N-dimethyl- 0.40
26.956 Benzene, 1,2-diethyl-3,4-dimethyl- 0.36
27.092 Benzoic acid, 2-hydroxy-, phenylmethyl ester 1.36 0.46 0.27
27.554 Nonadecane 0.22 0.35
27.587 7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-6,9-diene-2,8-dione 0.13
27.703 5,9,13-Pentadecatrien-2-one, 6,10,14-trimethyl- 0.13 0.15
28.416 1,2-Benzenedicarboxylic acid, butyl 2-methylpropyl ester 0.26 0.75
28.49 n-Hexadecanoic acid 0.85 3.67
29.19 Eicosane 0.19 0.44
29.42 2-Methoxy-2-methylbrendane 0.20
29.807 N-(4-Methoxyphenyl)-2-hydroxyimino-acetamide 0.18
29.923 Acridin-9-amine, 1,2,3,4-tetrahydro-5,7-dimethyl- 0.63 0.38
30.262 2,2ʹ-Biquinoline 0.41
30.282 3-Eicosene, (E)- 0.42
30.513 [2-(2-Hydroxyphenyl)cyclopropyl](phenyl)methanone 0.68 1.12
30.765 Benzyl cinnamate 1.53 4.10
31.043 Nonadecane, 2,3-dimethyl- 0.12 0.31
31.151 9,12-Octadecadienoic acid (Z,Z)- 0.22
31.253 9-Octadecenoic acid, (E)- 0.24 0.75
31.409 Nonahexacontanoic acid 0.38
31.627 Octadecanoic acid 0.32 1.12
31.674 Nonadecane, 1-chloro- 0.42
31.864 Tetradecanamide 0.46
32.047 2-Propenoic acid, 3-phenyl-, 2-phenylethyl ester 1.80
32.082 2-Methylbenzyl cyanide 17.93 0.41
32.251 Heptadecane 0.34 1.8
32.34 Stilbene, α-methyl-, (E)- 0.63 0.67
32.828 2-Propenoic acid, 3-(4-hydroxy-3-methoxyphenyl)-, (E)- 0.18 0.3
32.91 Tributyl acetylcitrate 0.29 0.73
32.998 2-Amino-4-hydroxy-7-[3-phenylpropyl]pteridine 0.33
33.005 2,3,5,6-Tetramethylbenzamide 0.32
33.073 3-(2-Carboxy-1-methyl-ethoxy)-5-phenyl-pentanoic acid, ethyl ester 0.16
33.31 9-Tricosene, (Z)- 0.39
33.473 4-Propylbenzaldehyde diethyl acetal 0.53
33.697 Nonadecane, 9-methyl- 4.24

Table 2. Continued
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resistant mites and residues in honey bee products have  
increased. Substances of botanical origin have emerged 
as natural alternative acaricides to diminish the popula-
tion levels of the mite. In the present work, the bioac-

tivity of propolis oils from different locations in Korean  
against V. destructor was evaluated. The propolis essen- 
tial oil of Gongju mountain significantly showed the 
strongest activity (LC50 =294.86 μg/mL) against V. de-

Table 2. Percentage composition of volatile organic compounds in the essential oils of Korean propolis

RT (min) Compound name AN GM GF

33.724 α-Benzyl malanohydroxamic acid hydrate 5.04
34.098 2-methylhexacosane 0.56
34.111 2-Methylaminomethyl-5-nitrobenzophenone 0.76
34.186 Benzene, 4-pentenyl- 0.18
34.227 1-Pyrroline, 2-phenyl- 0.20
34.376 p-Menth-8(10)-en-9-ol, cis- 0.29
34.478 9-Octadecenamide, (Z)- 0.70 2.05
34.831 Octadecanamide 0.16 0.87
34.892 Hexanedioic acid, bis(2-ethylhexyl) ester 0.51
35.042 2-Propen-1-one, 1-(2,6-dihydroxy-4-methoxyphenyl)-3-phenyl-, (E)- 2.72 17.15 7.43
35.136 Heneicosane 0.17
35.184 3-Heptanone, 5-hydroxy-1,7-diphenyl- 0.53
35.198 Imidazol-5(4H)-one, 2,4-dibenzyl- 1.94
35.374 Cinnamyl cinnamate 0.70 0.48
35.836 2H-2,4a-Methanonaphthalene, 1,3,4,5,6,7-hexahydro-1,1,5,5-tetramethyl-, (2S)- 0.28
35.754 5-tert-Butylpyrogallol 0.22
36.121 Amphetamine oxime acetate 0.46
36.141 13-Tetradecen-1-ol acetate 0.75
36.25 4H-1-Benzopyran-4-one, 2,3-dihydro-5,7-dihydroxy-2-phenyl-, (S)- 0.40 0.65
36.338 Nonanoic acid, 5-phenyl-, methyl ester 0.35
36.406 1-Octadecene 0.27
36.569 Pentacosane 0.81
36.678 Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester 0.55 0.89
37.037 Bis(2-ethylhexyl) phthalate 6.36 14.73
37.316 4H-Benzo[f]pyrrolo[1,2-a][1,4]diazepine, 4-(2-phenylpropyl)-5,6-dihydro- 0.13
37.648 1-Naphthaleneacetonitrile 0.63
37.655 1-Cyano-4-methylnaphthalene 0.18
37.832 Pterocarpin 0.20
37.947 Acridin-9-yl-benzyl-amine 1.32 0.40 0.55
37.954 Methanone, phenyl[4-(2-phenylethenyl)phenyl]- 0.16 0.77
38.062 4H-1-Benzopyran-4-one, 5-hydroxy-7-methoxy-2-phenyl- 1.41 1.60
38.395 Hexacosane 0.17 0.44
38.775 Coumaran-5-ol-3-one, 2-[4-hydroxy-3-methoxybenzylidene]- 0.29
40.676 Heptacosane 0.87 3.11
41.627 1,4-Benzenedicarboxylic acid, bis(2-ethylhexyl) ester 2.42 4.07
42.645 13-Docosenamide, (Z)- 1.09
43.717 Phthalic acid, hept-3-yl nonyl ester 0.12
44.634 1,2-Benzenedicarboxylic acid, dinonyl ester 0.17
47.336 Docosane 1.36

Total 98.5 95.9 98.6

AN: Andong; GM: Gongju mountain and GF: Gongju field propolis

Table 2. Continued



Acaricidal Effects against Varroa Mites of Propolis EOs

451

structor compared to the remaining samples. Acarici- 
dal activity of Gongju mountain propolis oil is lower 
than those of the positive control, tau-fluvalinate (LC50 =  
142.85) (Table 3). On the other hand, propolis oil from 
the Gongju field propolis oils showed the lowest LC50 
value (1200.69 μg/mL) against V. destructor. The stan-
dard positive control (tau-fluvalinate) was significantly 
more toxic to V. destructor than all propolis oil samples 
examined. On the other hand, no honey bee mortality 
was recorded in the study period (4, 8, 12, 24, 48, and 
72 h). 

DISCUSSION

Our Korean PEO percentage yield results are com-
parable to those reported for Tunisian propolis (0.095-
0.32%). A higher propolis essential oil yield was reported  
for Ethiopian propolis by Haile et al. (2012) (0.92-1.2%),  
and lower oil yields were reported for Algerian propolis 

(Segueni et al., 2010) (0.03-0.11%) and Greek propolis 

(0.03-0.10%) (Melliou et al., 2007). The differences in 
the reported percentage oil yields might be due to differ-
ent factors, such as environmental conditions, botanic 
sources, and bee species that collected the samples.

β-Eudesmol was also reported as a major component 
of one sample from Tunisia (12.43%) (Ayari et al., 2020), 
Morocco (11-30%) (El-Guendouz et al., 2019), and  
Taiwan (13.9%) (Trusheva et al., 2017) propolis essential  
oils in lower concentration compared to Andong but 
higher than those in Gongju propolis EOs. French pro- 
polis was reported to have β-eudesmol as a principal 
component (30%) (Bankova et al., 2014) comparable to 
Andong propolis EOs. The north Italian propolis con-
tained β-eudesmol as a major compound (2.33-12.8%) 

(Pellati et al., 2013). Compounds such as benzoic acid 

(10.21%) and 2-propen-1-ol, 3-phenyl (5.78%) were 
also found as predominant compounds in the propolis oil  
collected from Andong. Benzoic acid (3.1-30.1%) and 
benzyl benzoate (0.2-13.1%) have also been reported 
as predominant compounds in North Italian propolis 
oil obtained by hydro-distillation method (Pellati et al., 
2013; Bankova et al., 2014). Propolis volatile oils col-
lected from Eastern Turkey were also reported to have 
major aromatic alcohol compounds, such as phenylethyl 
alcohol (7.7%) and benzyl alcohol (7.4%) (Bankova et 
al., 2014). Bis(2-ethylhexyl) phthalate identified in the  
Gongju field EO was also reported in lower concentra-
tion (1.79%) from the ethanol extract of Indonesian pro- 
polis (Kalsum et al., 2016), compared with our results. 

Algerian propolis ethanol extracts (10%) were reported  
to be effective in killing Varroa mites while being harm-
less to honey bees (Ayad et al., 2024). Therefore, propo-
lis oil can be used as safely to control V. destructor with- 
out side effects on honey bees.

According to Meyer’s toxicity index, extracts with 
LC50<1000 μg/mL are considered toxic, while extracts 
with LC50>1000 μg/mL are considered non-toxic 

(Meyer et al., 1982). Clarkson’s toxicity criterion for the 
toxicity assessment of plant extracts classifies extracts 
in the following order: extracts with LC50 above 1000 

μg/mL are non-toxic, LC50 of 500-1000 μg/mL are low 
toxic, extracts with LC50 of 100-500 μg/mL are medium  
toxic, while extracts with LC50 of 0-100 μg/mL are 
highly toxic (Clarkson et al., 2004). Based on the above  
toxicity levels, propolis oil from Gongju mountain and 
Andong showed medium toxicity to V. destructor. It is 
worth mentioning that propolis oil from Gongju field was 
non-toxic to the mites. The reason for the difference in 

Table 3. Lethal concentration (4h-LC50) and 95% confidence limits (CL) estimated for the Varroa mites 4 h post-treatment with propolis 
essential oils.

Test
samples

Probit analysis

N 4h-LC50 

(μg/mL) 95% CL Slope±SE Intercept X2 df

AN 75 351.37 224.77-551.61 2.19±0.42 -5.56±1.71 7.93 13
GM 75 294.86 139.94-637.45 1.59±0.31 -3.92±78 15.99 13
GF 75 1200.69 501.98-8120.98 2.42±0.61 -7.46±1.83 27.35 13
tau-fluvalinate 75 142.85 51.62-577.45 0.83±0.23 3.21 10.55 13

GM: Gongju mountain, GF: Gongju field propolis and AN: Andong propolis
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the activity of propolis in different sites surrounding the  
Gongju city is due to difference in their volatile organic 
compounds. 

The presence of the major compound bis(2-ethylhexyl)  
phthalate, or the synergistic effects of the mixture of vol-
atile organic compounds in Gongju mountain propolis  
oil, might be responsible for its enhanced activity, which 
needs further investigation. Further work on collection 
of propolis from different sites may lead to identifica-
tion of acaricidal volatile organic compounds (VOC)  
which enables to control V. destructor in environmentally  
friendly manner. 

CONCLUSION

The three Korean propolis essential oils (PEO) inves-
tigated exhibited varying chemical compositions and  
acaricidal properties. They primarily consist of sesquiter- 
penes, aromatic compounds, and fatty acids. Propolis oils  
from Gongju Mountain and Andong demonstrated sig-
nificant acaricidal activity against V. destructor while re- 
maining safe for honey bees. Further exploration involv-
ing a broader range of propolis essential oils collected 
from diverse Korean regions could be crucial for identi-
fying more potent EOs against Varroa mites. Additional- 
ly, future research should focus on investigating the mode  
of action underlying the high acaricidal activity of pro- 
polis EOs.	
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