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ABSTRACT

Background: The potential toxicity of synthetic antioxidants such as butylated hydroxytoluene
(BHT) and butylated hydroxyanisole (BHA) and the emergence of antibiotic-resistant microorgan-
isms owing to antibiotic misuse have caused increased interest in natural alternatives. Plant-derived
essential oils (EOs), particularly those rich in monoterpene compounds such as a-pinene, limo-
nene, and 1,8-cineole, have been widely reported to exhibit antibacterial, antioxidant, and anti-
inflammatory activities through mechanisms including cell membrane disruption and free radical
scavenging. This study aimed to investigate the antioxidant and antibacterial effects of 11 plant-
derived EOs, including coniferous and herbal species, and explore blending strategies to maximize
antibacterial efficacy as a scientific basis for the development of natural functional materials.
Methods and Results: Antioxidant activity of 11 EOs and four blending oils (BOs) was evaluated
by determining their radical scavenging activity using 2,2-diphenyl-1-picrylhydrazyl (DPPH), elu-
cidating the production of intracellular reactive oxygen species (ROS) using 2°,7’-dichlorofluo-
rescin diacetate (DCF-DA), and confirming their cytotoxicity using the 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) assay. Antibacterial activity was assessed against 13
reference strains using paper-disk diffusion, minimum inhibitory concentration (MIC), and mini-
mum bactericidal concentration (MBC). Although EO No. 9 (Hinoki-JP) exhibited the highest
antioxidant activity, it showed high cytotoxicity. EO No. 5 (tea tree) exhibited the most potent anti-
bacterial activity at multiple concentrations. Among the BOs, BO No. 2 (peppermint) maintained
effective antibacterial activity, even at lower concentrations.

Conclusions: Among the EOs tested, EO No. 9 (Hinoki-JP) showed the most potent antioxidant activ-
ity, whereas EO No. 5 (tea tree) exhibited the highest antibacterial activity. The cytotoxicity of individ-
ual oils can be modulated by blending; BO Nos. 2 (peppermint) and 4 (tea tree) maintained significant
antibacterial activity, even at lower concentrations. These findings indicate that plant-derived EOs and
their blends can be applied as natural functional materials in the food preservation, cosmetics, and
pharmaceutical industries as alternatives to synthetic antioxidants and antimicrobial agents.
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1. & Mz
1.1. & 22
Ay B4 T &5 292 Cypress oil (EO A), Eucalyptus oil
(EO B), Lavender oil (EO C), Peppermint oil (EO D), Tea tree
oil (EO E), Pine Siberian oil, Pine Sylvestris oil, Korean pine
011 Hinoki oil (Z£4F, H1nok1-JP), Limonene, Hinoki oil (3=
b, Hinoki-KR)®] 1158 AME-3I9T) (Table 2). 24 A|EE52 &
?:l 25 2 e w Efl- 18] A7-llA] a-pinene, limonene 5
o] RicHl 2 A stgtae] Fo Ao R ld vk vk
(Shin et al., 2012; Selim et al., 2014; Hwang et al., 2014; Liu
et al., 2022; Altun, 2023; Novy et al., 2023). ©]& A& A
o WS T At 4 % AR AAE 3 st
Aol 7oshe Ao ddA 9lo] (Bakkali ef al., 2008; Silva
et al., 2012), ¥ A7) A5 2 A3} (Table 1). BOE &
o g vlaE 5207 3 Ay A wet ghe Al
EO®] F& 4 &<l vl=3 AY §} g & xstdS
7™ (Pagliaro et al 2023), 93 TcH 29 gelrAiagA
Alazetate] Feakg-g g8l Al W RS FX18) =9 EO
o] gt W FAkEES :L“/H@rﬁé 4 A+ (Bassolé and Juliani,
2012) 22N 0 40%E Hlo|Az Ty, HYRIE, 2]

Table 1. Major chemical compounds of essential oils used in this study.

No. EOs

Major Compounds Reference

Cypress Oil (Cupressus sempervirens) — d-pinene (48.6%), &-3-carene (22.1%), limonene (4.6%), o.-terpinolene (4.5%) Selim et al., 2014

Eucalyptus Oil (Eucalyptus globulus)
Lavender Oil (Lavandula angustifolia)

Peppermint Oil (Mentha piperita)

1
2

3

4

5 Tea Tree Oil (Melaleuca alternifolia)
6 Pine Siberian Oil (Pinus sibirica)

7 Pine Sylvestris Oil (Pinus sylvestris)

8 Korean Pine Oil (Pinus koraiensis)

9 Hinoki Oil (P/KR) (Chamaecyparis obtusa)

10 Limonene (d-Limonene)

1,8-cineole (63.1%), p-
linalyl acetate (48.0%), linalool (18.6%), B-ocimeneyne (6.9%)

cymene (7.7%), o-pinene (7.3%), limonene (6.9%)

menthone (27.28%), L-menthol (23.71%), limonene (7.48%)
4-terpineol (35.22%), Y-terpinene (19.63%), O-terpinene (10.73%)
o-pinene, B-pinene, &-3-carene, limonene, bornylacetate
o-pinene, 8-3-carene, limonene, B-caryophyllene
o-pinene (19.38%), 3-carene (10.21%), camphene (9.82%), limonene (9.00%) Hwanget al., 2014
di-limonene (20.45%), y-terpinene (14.36%), O.-terpinene (7.62%)

d-limonene (= 99%)

Nowy et al., 2023
Shinetal., 2012
Altun, 2023
Shin et al., 2012
Liu et al., 2022
Liuetal., 2022

Shin et al., 2012
Pagliaro et al., 2023




Table 2. EOs list.

Table 4. 13 Reference strains used in this study.

No. Name Supplier Remarks  Purchase date Gram positive bacteria ATCC
1 EOA Charabot Cypress Oil  2012.11.05 Staphylococcus aureus 25923
2 EOB Charabot  Eucalyptus Oil 2012.10. 23 Stapylococcus epidermidis 14990
3 EOC Charabot ~ Lavender Oil 2012.10. 23 Streptococcus pneumoniae 49619
4 EOD Charabot  Peppermint Oil 2012.10. 23 Bacillus cereus 14579
5 EOE FKA Teatree Oil  2012.10. 31 MRSA 33591
6 Pine Ol Charabot Pine Siberian  2012. 10. 23 Enterococcus faecalis 29212
7 Pine Oil xL3Fg  Pine Sylvestris 2012.10. 16 Enterococcus faecium 29212
8 z&re oY Solgo Korean pine Oil 2012.10. 16 Gram negative bacteria ATCC
9 gEAIHWM oY Kiso Hinoki Oil  2012.10.16 Escherichia coli 25922
10 Limonene dileori(ij(?al Limonene  2012.10.16 Entefobacter cloacae 700323
Klebsiella pneumoniae 13883
1 A=pab A ed GnG Hinoki Ol 2012.10.16 Pseudomonas aeruginosa 27853
Table 3. BO:s list. Acinetobacter baumannii 15150
EOs 1 ) 3 4 Fungus ATCC
Limonene Oil 40 40 40 40 Candida albicans 10231
Lavender Oil 30 10 10 10 Itetrazolium bromide) assayS ©]-&3}ITh RAW 264.37 M| EE
Peppermint Oil 10 30 10 10 96 well platesl] 5 x 10* cells/wellol] ¥ 3 2417k 5<t wjjFs}
Eucalyptus Oil 10 10 30 10 AT} o] F 71E MR E AlAg viX 2 wASL, 1152 EOS
Tea Tree Ol 10 10 10 30 0.1%0 B 1%0 == 7}7} 2|3t F 2477F F7} v Fsioink.
Total (%) 100 100 100 100 Hj &k ¢kS S WST (water-soluble tetrazolium) solution 10 uLE

T2 EHED 0948 7 FAAE 30% E HEAE 10%= &
gsted F 42 BOE A|=3IST (Table 3). & A2 2012
119 239476 12€ 747F4] 23]9) AA Fa=lom, ARS-E
RE EO= A% A7 Ao Fdste] ARSIt (Table 2).
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St & Hrle] &8¢ E O 7E, a2
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i 55 2 A 158 1
£ #FE ARSI Bopo}l A6 ALgatslth
(Table 4). T~ ¥+ 1 A etoll gk F3H 4
S 2H EHS H718laL Methicillin-resistant Staphylococcus
aureus (MRSA), Pseudomonas aeruginosa, Acinetobacter bavumannii
5 WHO A4 thld 39ae Eakalel A 848
THH o= HES] 23 478384t (Chouhan ef al., 2017;
Boskovic et al., 2024).
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2.2. DPPH 2Hs Z& (DPPH assay)

2+3} 24 9 71= DPPH (di(phenyl)-(2,4,6-trinitrophenyl)
iminoazanium) 212 24%-S =431t} (Blois, 1958). ol
<o) &3ll$ 0.2 mM DPPH £ 150 pLof| ol gh&= ZA|gh
10% EO A& 100 pLE E&sinen, x5 2712] 37Co0A
3047 Wh-S Fr=siSith tiEa-2 EO tAl 539 /-5
oflgh&ol] E3sled A8-31 L, DPPH £ tiAl olghe-2 A}
ot BAZS AMEith B 4SS 2 AR
A 7He] FEE ZJolE 7Iuke 2 ALksleltt.

2.3. MIZZ Ul ROS 244 =X

RAW 264.7 A3 X| 2] &4d4F4F (reactive oxygen species,
ROS) A =5 H7I1817] ¢l 2',7-dichlorofluorescin diacetate
(DCF-DA) &4 955 €-83I31tt. 12 well plated] RAW 264.7
MAEE 5x10 cells/well®] BT HFSIAL 24X 7F QP 3} vl
ST o] F 1154 EOS 0.1%0 % 1% =%, LPS= 1 g/
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mL FEE zF2} A@ske] 37T, 5% CO, 270 2447 3
7h gtk vl s $ YRR AEE R APt
< PBSE 23] A|F&3T) AlAH Mo DCF-DAS] HF &
57 10 uMe] F== PBSE H7ste] 253 Z2719] AdollA

1527 AAEIITE A4 ks § 2p7he- PBSE AIA 3L 1,200
rpmollA] SE7F At ste] AFEdS A AT ©] % PBS

=
400 uLE 2o gA] AR FA1E B2497] (flow cytometer,
BECTON Dickinson, Franklin Lakes, NJ, USA)E o]&-35}o] &
B7e WskE A skl

3. gk & H)}

3.1. Paper disc (disk diffusion) 2HHH

oAl e de] i &4 7= paper disc FAFE-S o] &3}
At A1 #5E Mueller-Hinton agar B A]ol] U 51A] =2k
%, A7 8 mme] B paper disc (Advantec Filter Paper, Toyo
Roshi Kaisha Ltd., Japan)ell €< B! 557 F% (100%, 80%,
70%, 50%, 30%)°] A5t 24 thEo 2 U31E 15 ubs &
FAIZTE &S 3] JLAT H dises viA] 3l HE
F2betar 37Co| A 24417k w8t vl ¢ & FAJE
clear zone®| 2745 3793l +tS B7FeRIT

3.2. 2SS (Minimum Inhibitory Concentration, MIC)
e} ZAAMESSE (Minimum Bactericidal Concentration, MBC)

5@

oA QA ] MIC A4S Broth Dilution MethodS 2]-8-3}
of F3sISith. EO, A E =4 9 JAEDLS 99% S-S
= ate] 0~20 pg/mLE 345 oH, 7F #= HEAE
3 F=S 2789 5 1008 34 5k3it. HE Kahn tube W
MHB (Mueller-Hinton broth) 500 pLoll 2% 500 uLE &4k
7, o] 348 o 500 pLs =R o2 F7FsIi: olF 37
CollA] 18~22A17F v sl o, v 95 § §oto= g
£ ERIst 24 9 A it} vlarste] o Aol g1y
2 &= A FEE MICE 24T

MBC &4 913l MIC 2% #82] 7+ A7 vkl 100
pLE FHalod sy 7500 MeulR] o] wkalar 37°CellA 2448
A1ZE eFsisith FAE colony 5 Algst] B4 4FE
99% ol e APEAI7IE A s=E MBCE A48t =

o 1-=
EAge YH0E 33 v 5Yske] A%E SEsg.

(T

i3

. SAIAe]

218 Azh= SPSS 26.0 (IBM Corp., Armonk, NY, USAYS
o] &-&lo] BAI3190TE RAW 264.7 Al o) T3k Al =4, DPPH
gz 2% 9 LPSel 9J3) =¥ ROS Al vA= 9
2 Student's t-test& HAI3FH S, p<0.05, p<0.0l E p<
0.001 ol A 21735 A4 33Tt Paper disc SAPHEE 0]

T HdH=

- Xf5] - oA -
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9 vl 9 s e Wshe Kruskal-Wallis
Alstom, frol gk xto]7F 1% 75 Bonferroni 74
S ARSAAS A BT 1R e 7 et
2}o]E Mann-Whitney U 7472 o]-8-5lo] W31t} Kruskal-
Wallis 737 % Mann-Whitney U A4 2] 248 p < 0.05
2 A5t

A& A8sted 1% EO
[e]
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oft > AL
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o
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4 3
1. RAW 264.7 MIZ0l| THSt 115 Essential oil2] MIZZSAoi|
OXl= Ast

0.1%0 TN = MESAo] YEPIA] LAXTE 1%0
oME @ 7+ A=A Aol 7h U oH, tii-2¢] EO=
80% ool AlE BEES FAlste] Bl v 545 e

R
W 9HA, 9 (Hinoki-JP)H 242 ©F 30%2] Al AEES et

rc

s

Wol oh& EO° Hls| AA 3] =& Al254S EUTH 1
(Cypress), 2 (Eucalyptus), 8 (Korean pine) -2 <F 80%, 4

70%2] Al E AEES YeRlo] =70
S Bow, Y] QUEL 90% o]t Al
fFAEl MlEEA0] A glE Aoz IR

(Peppermint)H -2 ¢F
o] A=A
ANEES

o} (Fig. 1).
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2. EO 1130| DPPH &HS0l OfXl= Agt

10% 2 FENAN 2 2ed 2A5S s A3, 9
(Hinoki-JP)H Q.do] oF 105%% 7F =& 42758 Yehfof
2 (Eucalyptus)H 2 (2F 10%)°l vla] &A3] <=3 aats}
S B JEF 73 2 Fol-+= 8 (Korean pine)H
(2F 90%)3} 1 (Cypress)H (2F 80%) LYo AH o7 =2 &
A%< VERA vHA | 10 (Limonene)H# 11 (Hinoki-KRyH €
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Fig. 1. Cell viability of essential oils treatment on RAW 264.7

cells. Cells were treated with 0.1 and 1 (%o) of essential

oils for 24h. Cell toxicity was measured using an MTT

assay. Each value represent the mean + S.D. from 3

independent experiments. (A), essential oils 0.1%eo; (B),
essential oils 1%2.
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Fig. 2. DPPH free radical scavenging activity of essential oils
at various concentration. Extracts were incubated with
DPPH solution at 37°C for 30 mins. Activities were
determined by measurement of absorbance at 517 nm.
The results are expressed as mean = S.D. from three
independent experiments.

U2 oF 30~35%2 FL AT ALYN= W G2 2
2 FRol mE Zol7t FRIETE S EF 2 FollM= 4
(Peppermint)}H 3} 5 (Tea tree)d L do] &F 75%Z 3 (Lavender)
H 2 7 (Pine Sylvestris)H 2 (&F 50%) HI&l] &2 &A%

< YERSIS (Fig. 2).

3. 1132 EOO| LPSof| 2lall 57== ROS Mol O[Xl= sk

LPSel ¢J3] f-%=% ROS Aol tigt B0 A 3= =
T 2 oY FR wt FEigh xelE BTk 0.1%0 5 =4
= OS] eYolld a2t v gk Bk, 3 (Lavender)H 7} 10
(Limonene) 2ol ¢F 10%, 7 (Pine Sylvestris)H Qo] ¢F
20%2] ROS AHE A4S Uehfo] AFEor e I 53t

A . 150
2L
€
3 3 100
]
2§
8 & so0
2%
k] 0
& Nor Con 1 2 3 4 5 6 7 8 9 10 11
Essential oil number
B
e 250
2
€ 200
P
3 £ 150
a £
38100
z %
$2 g
k] 0
& Nor Con 1 2 3 4 5 6 7 8 9 10 11

Essential oil number

Fig. 3. Influence of essential oils on intracellular ROS generation
in RAW 264.7 cells. RAW 264.7 cells were simultaneously
exposed to varying concentrations of essential oils alongside
LPS (1 ng/md) for a 24-hour treatment period. Intracellular
ROS accumulation was subsequently quantified via flow
cytometric analysis (FACS). All data are expressed as mean
+ SD. calculated from three independent experimental
replicates. Nor, normal control (without LPS treatment); Con,
positive control (LPS-treated without essential oil treatment).
A; 0.1%o essential oils treatment group, B; 1%o essential
oils treatment group.
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85 2 2L 57 57

—o [

7h BRIRAT, 1% FEIE AWHCR o] F3i7k 27}
3Fs1o, E3] 3 (Lavender)d, 9 (Hinoki-JP)s, 11 (Hinoki-
KRy 2o] oF 50%2] 7488 1B 2 (Eucalyptus)H, 5 (Tea
tree)d, 8 (Korean pine)] 2 (&F 25%)0l gl 234 =
< A 2= JEpIT o]E g A3k ROS SA| &3t
S olEAol, ol Hoha 2ol we} 1 B e
AJAFSHT (Fig. 3).

4. 13 #EY 1139 ot 0]l thst paper disk diffusion
i}

Paper disc S-S ©]-8-3to] 1152 EOol| tgh 3 &4
H 71813t} Kruskal-Wallis 747 23+ 115 EO 7+ &2l
2]gt 2o 7} A e ™ (H=89.546, p < 0.001), Bonferroni A}
Aol A 5 (Tea tree)] 2o 7 =& 35S e
2] EOol HIal frelabA| 9=t 3t 23S BT (p< 0.05).

g YA 7 AASS vlas A3, g
d4te] et AA|Sko] ek gl BlE] A skl AA <]
SHA =A UERTH (Fig. 5). 28 TNAE 5 (Tea tree)d
7} 4 (Peppermint)d 2 Uo] PineF % HHF QAo H|a)
o3 =& S Bl whA (Fig. 4), 280l E 5
(Tea tree)H @ URlo] T3] EOo) vl folstAl &2 &+t
22 Yepflo] af3AddelE v a3t gle oz el
=3t} (Table 5).

S HladM e oY FETF SRS AA|gke] fols)
Al F7¥ehe 7 Balon, ol gh ek aHF ol
oS FEAA VERTH (Fig. 5).

o o o

A2l C. albicans? WA= 100% F=oA 1~5H 2
EF 35 mme] GAIFS P19 oM, PineF 2 HUF 2

Il Gram-positive

40 @ Gram-negative

204

Inhibitory zone diameter (mm)

|
1 2

T T T 1
5 6 7 8

Essential oils

I 1 1 I 1

3 4 9 10 11

Fig. 4. Comparison of inhibitory zone diameters of 11 essential
oils against Gram-positive and Gram-negative bacteria
at 100% concentration. Mean=SD. 1, Cypress oil (EO A);
2, Eucalyptus oil (EO B); 3, Lavender oil (EO C); 4,
Peppermint oil (EO D); 5, Tea tree oil (EO E); 6, Pine oil-
Charabot (Pine C); 7, Pine oil-Seoul (Pine Sylvestris); 8,
Korean pine oil; 9, Hinoki oil, Japan (Hinoki-JP); 10,
Limonene; 11, Hinoki oil, Korea (Hinoki-KR). Significant
differences among 11 essential oils were determined by
Kruskal-Wallis test with Bonferroni post-hoc test (p < 0.05).
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Fig. 5. Inhibitory zone diameters of essential oils against
Gram-positive and Gram-negative bacteria at ditferent
concentrations. Mean=SD. Cram-positive bacteria showed
significantly higher inhibitory zone diameters than Gram-
negative bacteria at all concentrations (Mann-Whitney U
test; 30%: *p < 0.05, 50%-100%: ***p < 0.001).

of Hlal] AutH o7 =& R o] AZE AT (Table 5).
5. ZMIsE (MIC)Q} ZAAIESSE (MBC) S A}

MIC ¥ MBC Z3& 24 7Bt A3, 5 (Tea tree)H 2
Qo] MIC Hit 0.1 pg/mL, MBC B¢ 0.2 pg/mLE 115 5 7}
A d

ol

- QK[5] - O7fed - BIME| - EAdod

ol

:

$-5=3FA T}, 2 (Eucalyptus)H 24-& MIC H < 0.2
MBC % 0.3 pg/mLZ 5 2o o]o] F HAZ =
g5 Blom, 7 oY BF Umex] 9 Hls| AA35] e
S&ollA fragh @45 VeRAITh v 4 (Peppermint)H 2t
9 (Hinoki-JP)H 292 MIC ¥ MBC E5F 3.0 pg/mL o]’
2, 58 2o Hs) oF 30 o} w2 FECIA &40l U
U gido] 74 gtk 2 9 3 (Lavender)®, 7 (Pine
Sylvestris)¥#, 10 (Limonene)¥ 22 MIC 0.4~0.5 pg/mL,
MBC 0.7~1.1 pg/mLE F39] <50 3t 45 Hel vhi,
1 (Cypress)¥, 6 (Pine Siberian)®l, 8 (Korean pine)H, 11
(Hinoki-KR)¥ 298 MIC 1.3~2.2 pg/mL, MBC 1.0~2.6 pg/
mLE 7F 759 FtES YERSIT (Table 6 and 7).

ofr rlo
o9k
Gl

rE L

6. Blending ¥ Oil 452| gt &1 Ao}

10 (Limonene)] 2% 40%% W|o]2~Z )3 Lavender, Peppermint,
Eucalyptus, Tea tree SUS T8 (& 30%) & HXAHE (¢
10%)>.Z Blendingdt 4%52] 2ol Y3l Disc diffusion, MIC
3l MBC A&S A8l

Disc diffusion 23}, T57} o}l A4E A|glo] Zrlsl=
7S BYom, 100% F%o14 BO 4 (Tea tree) BO| 3

o AR A7 252 mmE 7P w et 24E Bl whd,
210
o=

¢ S22 TRolA dnt 2 APE A4S UERo] o] 7 1 (Lavender)d BOS 23.8 mm= 74 We S48 BT =
Table 5. Inhibitory zone diameters (mm) of 11 essential oils against 13 microbial strains at 100% concentration.
1%(3;) Microorganism  EOA EOB EOC EOD EOE g;:;fa‘ggt ;'”%eﬁi‘kﬂ% X*_%:zj% 5%%‘%3%2‘ Limonene %Ej—

S. aureus 2900 1800 19.00 27.00 32.00 1400 1600 2000 1650 2400 33.00

S. epidermidis 3500 26,50 3500 3500 3500 2550 27.00 33.00 2800 2850 23.00

S.pneumoniae 2600 1400 2400 1600 2200 21.00 1800 30.00 1400 17.00 17.00

Fg':trl‘;e MRSA 3500 24.00 3050 2950 3200 18.00 1500 10.50 17.00 17.50  13.00

B. cereus 2700 2600 3450 3500 3500 3500 3500 33.00 3050 31.50 24.50

E. faecalis 3500 11.00 2400 3000 3500 2600 29.00 22.00 1500 18.00 11.00

E. faecium 3500 2000 3500 3500 3500 11.00 3500 3500 27.00 24.00 35.00

Mean 3170 19.90 2890 29.60 3230 2150 2500 2620 2110 2290  22.40

SD 420 600 650 680 480 810 870 900 700 570 930

E. coli 2600 2650 3100 3500 3500 1250 1000 2050 11.00 27.00 5.0

E. cloacae 000 1400 1300 000 3300 000 1000 000 2800 000  0.00

ng;;’i‘v'e K. pneumoniae 1450  17.00 22.00 2200 3250 450 1050 000 000 1500  0.00

P aeruginosa 000 1000 500 000 9.00 000 500 000 500 000 0.0

A baumannii  32.00 32.00 29.00 3500 3500 12.00 22.00 23.00 11.00 29.00 11.00

Mean 1450  19.90 2000 1840 2890 580 1150 870 11.00 1420  3.30

SD 1470 910 11.00 17.60 1120 620 630 11.90 10.60 14.00  4.90

Fungi | C albicans 3500 3500 3500 3500 3500 2800 31.00 3350 2500 33.50 25.00
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Table 6. Minimum inhibitory concentration (MIC) results of 11 essential oils against 13 bacterial strains (ug/mL).

e ¥F oA 0B OC 0D E0E MOl z'”%e%g% H;%AE o :5{;‘3;% Himo- gﬁgﬁg
S. aureus 0.06 0.25 0.06 0.06 0.06 0.06 0.25 0.25 0.06 0.13 0.25
S. epidermidis 8.00 0.13 0.06 0.06 0.06 0.06 0.13 0.13 0.06 0.13 0.06
MRSA 0.06 0.25 0.06 0.06 0.06 0.06 1.00 0.50 0.06 0.06 0.06
B. cereus 0.06 0.13 0.06 16.00 0.06 0.06 0.13 0.06 0.06 0.06 0.06
E. faecalis 0.25 0.25 0.06 0.06 0.06 0.13 0.25 0.25 - 0.13 0.06
E. faecium 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.25 - 0.13 0.06
E. coli 0.13 0.06 0.06 0.06 0.06 0.13 0.25 0.06 1.00 0.06 0.50
E. cloacae 4.00 0.25 0.50 8.00 0.13 8.00 0.50 8.00 - 1.00 4.00
K. pneumoniae 4.00 0.25 2.00 8.00 0.06 8.00 0.25 8.00 8.00 0.13 4.00
P aeruginosa 2.00 0.50 1.00 16.00 1.00 2.00 1.00 2.00 4.00 4.00 8.00
A. baumannii 0.50 0.13 0.25 2.00 0.06 8.00 1.00 4.00 - 0.50 4.00
C. albicans 0.25 0.50 0.06 0.06 0.06 0.25 0.50 0.25 4.00 0.06 0.06

Table 7. Minimum bactericidal concentration (MBC) results of 11 essential oils against 13 bacterial strains (ug/mL).

e T DA OB EOC [EOD  EOE f;gfaﬂ ;i”%e%?; &_’f::j% 5%;?{2 Limo- :ﬁﬁg
s. aureus 006 025 100 006 006 006 025 025 100 025 0.3
S.epidermidis 025 025 013 006 006 013 025 025 006 025 006
MRSA 050 025 006 006 025 050 400 050 100 025 050
B. cereus 006 013 013 400 013 006 025 013 006 006 006
E. faccalis 025 050 006 006 006 013 050 050 - 025  0.06
E. faecium 006 006 006 006 006 006 006 025 - 050  0.06
E. coli 013 006 006 006 006 013 025 006 050 006 050
E. cloacae 400 025 050 800 013 800 050 800 - 100 4.00
K. pneumoniae 2.00 0.25 2.00 8.00 0.06 4.00 0.25 2.00 8.00 0.13 4.00
Paeruginosa 400 050 800 1600 100 800 100 400 1600 800  16.00
A baumanni 050 013 050 200 006 800 100 800 - 100 4.00
C. albicans 025 050 013 006 013 025 050 025 - 006 013

Table 8. Disk diffusion results of four blended essential oils against 13 microbial strains.

A8 Disc diffusion(mm) MIC MBC
Eal Oil g Oil 80% Oil 70% Oil 50% Oil 30% M (11g/mb) (1eg/ml)
Blending Oil 1 23.80 19.40 20.90 20.50 15.30 20.00 1.09 1.24
Blending Oil 2 24.90 20.90 22.80 22.80 15.80 21.50 0.70 0.70
Blending Oil 3 24.50 19.50 18.20 20.90 14.70 19.60 0.70 0.78
Blending Oil 4 25.20 20.90 24.80 21.60 15.50 21.60 0.64 1.02
£ BOE Hlo]2 2991 10 (Limonene)d 24 2] 100% & =0 0.70pg/mLZ 7FF w2 MICE YERNSIS ™, BO 4 (Tea tree)
A 5t 22.9 mm AR LAY =2 v S BT Hol 0.64 pg/mLE 7Y 9735 g8 B wol= oY

MIC =% 43}, BO 2 (Peppermint)H 3} 3 (Eucalyptus)©] 21 10 (Limonene)] 2¥3} T vlwL A] BO2| MIC7F tia =
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Table 9. Fractional inhibitory concentration (FIC) index of four blended essential oils against 12 microbial strains.

BO 1 BO 2 BO 3 BO 4
Microorganism FIC Interaction FIC Interaction FIC Interaction FIC Interaction
S. aureus 12.64 An 8.12 An 6.44 An 7.42 An
S. epidermidis 13.08 An 8.40 An 7.28 An 7.68 An
MRSA 16.13 An 10.36 An 8.68 An 9.47 An
B. cereus 14.83 An 7.29 An 8.40 An 8.71 An
E. faecalis 12.64 An 8.12 An 6.44 An 7.42 An
E. faecium 12.64 An 8.12 An 6.44 An 7.42 An
E. coli 17.44 An 11.2 An 11.2 An 10.24 An
E. cloacae 2.41 | 1.29 I 1.83 | 2.18 I
K. pneumoniae 5.85 An 3.7 I 4.24 An 5.42 An
P aeruginosa 0.77 Ad 0.36 S 0.63 Ad 0.45 S
A. baumannii 4.85 An 2.62 I 3.67 | 4.38 An
C. albicans 15.91 An 10.22 An 8.26 An 9.34 An

FIC index was calculated as the sum of (MIC of each component in blend X proportion) / MIC of each component alone. S, Synergistic (FIC <
0.5); Ad, Additive (0.5 < FIC < 1.0); |, Indifferent (1.0 < FIC < 4.0); An, Antagonistic (FIC > 4.0). *Synergistic effect was observed against P

aeruginosa with BO 2 and 4.

Al YEFSLTH (Table 8).

Blending €35 &2 o2 718t/ ¢35 FIC indexE Al
¥t A3}, P aeruginosa®ll TSl 2 (Peppermint)H3} 4 (Tea tree)
¥ BOoIA] synergistic effect (FIC < 0.5)7} &el=glom, |
(Lavender)# =} 3 (Eucalyptus) BOol|41= additive effect (FIC
< 1.0y} BEEAT 22U ] 7504 antagonistic
effect (FIC >4.0)7} veh} Ealo] JHP& Q1 & 3ol
7148k FahH, ol 4 A 7k FEARgo] 54 w5l
ey oz 2895 AAFRITE (Table 9).

o2,

i

2t

EO= A& U=

= R A oA thA AR,
ZoA A FEL HE3 (Terpenes)? HEH o=
(Terpenoids) 3F3HE©|t}h (Bakkali et al., 2008). A13] Aol A]
JEX= (Phytoncide)?] T2 F=H|2# (a-Pinene 5 ) ALt
E' Jq““”r‘r s AT i EOolA &3] = e A
‘d 7/4\ o2 dHA Ut ole HAEL] Al EHo
= H]—E]’___i A-ﬂu.ul_q :rLz/—G Ezs ] % A=
TS ‘iﬂl@}/\]ﬁiw n A=) 3SR AL A
HE Frdhs 71HS ZHet) (Silva er al, 2012). B Aol A

Al olelgt FEX=0] 5Ado] ARolA L=

A
%
[o

A3 A3}, 9 (Hinoki-JPY 242 10% =44 <F 90~110%

9] =2 DPPH &A% Ao, 1% &=l ROS A&
< °F 50% ﬂ@]ﬁwﬂr. :LEM 93} 1% T4 9 (Hinoki-
JPH UL oF 70%2] ¥ AESAS YeERIth= oA

-
rl

ROS A a7t X145 kst atol o3k AQIA, AE AL
HE QIgk ROS A AA 9] 7hanol] 71918 ARIA] W &ks] -
E317] ot} A Aol C. obtusa EOE caspase-3 E43
3t g MEF7] A g ikl sk Sl AlEsAde i
sh= Aoz wyE 1l o] (Kang ef al., 2020), 5 Fwol|A]
ZEE ROS Aavt Az AP o)t Y3 73S miAIE
= gloh wiebd & AE 27904 9 (Hinoki-JPyH 99<- &)
3} AA|2A Frrsl] Sl e MRSl YERA] e

= H9olM e F7H AR S T3 S0l H@HQ‘H | gt
o ZHo| A& 5 (Tea tree)d QYo
70~80%2] 34 ol = 1152
HATH 53] thE eYSo] W &4
o] theiA = 30 mm o] =& X
TEreRAd o] a2l HE =
= Al 3o zpoldl] 7|Q1sk, S T H
T3 308 FA =] E0S] & Aol HlaLE] 8o

@ orr B3

rlo
ot
o
N
B
o
T
ro
i

S Az Had 4 Qe v, agedae AAnE
(LPS)E Eshe ejfe] F7t= EAlste] L wAke] A+

& o224 Eool tigk Aol ¥ A Yebdt) (Gyawali
and Ibrahim, 2014).
2y 9 (Hinoki-JP)H 2
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N Al=37 4}‘«] BO #3d A= 3

o] FARE ;WA = U= uijt 5 sheltt
3} BO 2 (Peppermint)‘ﬂa% BO 4 (Tea Tree)-2 &
M-S gy e F5 (50% °lshollA = f2lv)sh
S A3tk 3] BO 4 (Tea Tree)HS 2] =2
3193, BO 2 (Peppermint)H- § W2 Frof
APEAI7]= MBC #hE YerIITE B3 BO9
S z(jl%__o_ 24 E]:X—] Ao b=| 7}3}7] _Or]—aﬂ FIC indexE Ak %
, P. aeruginosa®l T3l BO 2 (Peppermint)?13} 4 (Tea
tree) ] 4] synergistic effect (FIC < 0.5} &R1=%l oL}, OjF-
o] #FolX+= antagonistic effect (FIC >4.0)7} YEFsTE ©]
L B9 AsRgo] 7o wla} Meld oz zke3ke A|x}ba}
o, 3 758 A B v & 228 9 I A
fsie}

ol g A= A3 AellA EO9 &3t 8 At 9
A A== Aol ozt o Aol HH R 285
e AS BHogEths Ezsa} 2 =3k} (Galindo ef al., 2010).
| EZ=7d0] SHEe AL
=3k u]gi Halu]@ggw M| 3Eo) 7R =

et 9 itsl g5 Fuskele &
3t H]&-S =& 4= Ut} (Sharma er al., 2020; Leigh-de Rapper
et al, 2021)' 1311,} _O,_qub ;H_EL: 7]— OOL/] U]Ek }H‘:‘
o] T8 AR FHS FXleke FPolA AESES FTH
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s

2 4 A= 18] ATk (Altun, 2023). o722 -] FollA]
o= E02] 7+ S PLGA Wisixlol] H&slgle Al A2
EA4S AAYE AT A3 R2E vl At (Adeyemi et
al., 2023). FF, £ A7 A5 o2 it B Fskso]
Ho AR 15405 UERfo] Egakgo] o QS e

W&st 22 Al 7S FEst Q7 9RAE 58 o] 8d

in vitro A7 B73oIM 9] HARL AEHE T ATE S
3 78 AL A0 Holth B, GF AL a4 7] )5
2 T R g A8 AR 712 AekA 28 whde)
£ o) 7198 Qo= wvker,

ot B Aol B 71 Aol Qo) FF Aol

neto] Aot A, 7k E02l 78 HRS GCMSE 4]
31X 07—0}_ ZFQ A AR EAkEl 9 3kt a3 7k AHA
T—Hﬁ ak4) EaI3ich B4, ¥ Aol DPPH 4

p

e % Aol NE FEZ mymL ©$171 obd 8
AEE (%)= Etﬂé A=, EO= 579l wet 27t Aelst
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55 o 2 51 ofp
B2 5% SMswe sl 09 FRui 24 ¥
F5 e Yol GebA ALAL vl BAZF A

HERISIE A
o] g3t /\]L Qo] Zojuh= ¥3lid
ol 30w, o]z Qe 44 Fole A=) Yol 4
]77-_1,]— TE 4 It} (Hulankova, 2024). YA, DPPH 475 4
AESA AN BHA, BHT 521 39 FUSAE 4 o
2702 ARE B} BE PSSl FH22 W) ol
FOIA|A] edgkom, o] 5 Aol Beto] Fasitt
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