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Abstract

Purpose: Plant-derived essential oils are widely used as pharmacological drugs
and fragrances. In this study, 16 natural essential oils and 14 single fragrance
ingredients were investigated for their potential as antimicrobial agents. Methods:
Paper disk diffusion assays were performed to assess the antimicrobial activities
of the essential oils and single fragrance ingredients against Staphylococcus
aureus, Staphylococcus epidermidis, Escherichia coli, Pseudomonas aeruginosa,
Bacillus subtilis, Candida albicans, Aspergillus niger, and Malassezia furfur. Results:
Cinnamon bark and neroli essential oils, which contain linalool, exhibited significant
antimicrobial activities against S. aureus and C. albicans. The single fragrance
ingredients citral, D-limonene, and hydroxycitronellal exhibited antibacterial effects
against S. aureus and C. albicans. Cinnamon bark oil also showed good antifungal
effects against A. niger and M. furfur. Clove essential oil, which contains eugenol as
the main ingredient, showed antifungal effects against M. furfur, and aurantiol also
exhibited antibacterial effects against M. furfur. S. aureus, E. coli, and P. aeruginosa,
which are regulated in distributed cosmetics, were susceptible to the effects of
cinnamon bark oil and phenylethyl alcohol. Bergamot and lavender oils exerted
good antibacterial effects against S. aureus, but not S. epidermidis. In addition,
rosemary oil, rose absolute, and phenylethyl alcohol, which showed good antifungal
effects against C. albicans, had no or little antibacterial effect on S. epidermidis.
Conclusion: Our results suggest that essential oils can be used as alternative
preservatives and antimicrobial agents for atopic dermatitis and dandruff.
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Methods
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1, AE =
1) A2

2 AYofA AREEE R 30F2 ol=rt WA A ATt
Table 10 A2stsitt, Aol AMGEE 30714 &= F oA ¢4
Fre 167, dEED FE(F9)= 14700tk Camphors 114 ¥
gjjo]7] W&ol dimethyl sulfoxide (DMSO: Sigma—Aldrich, USA)
o 50%% 3A3) AFESIHL, olF ALY oAE 2U2 AR 1T
2 ARESITh A] EEA methylparaben (Cosnet, Korea),
phenoxyethanol (Galaxy surfactants Ltd, India)} th] REAZ
A ethylhexylglycerin (Sigma—Aldrich), 1,2—hexandiol (Sigma—
Aldrichy& 93 2T OE ARS3HT

2) Aot & 7171

Category
Sample - - -
Citrus Camphor Rose Spicy Floral Mint Woody
Lemon oil Lavender oil Rose absolute  Cinnamon bark oil Neroli oil Peppermint oil Sandalwood oil
Eﬁsentlal Bergamot oil Rosemary oil Clove oil Ylang ylang oil Spearmint oil Cedarwood oil
Grapefruit oil Eucalyptus oil Patchouli oil
. Phenylethyl .
Citral Camphor el Hydroxycitronellal Iso E Super
Single D-Limonene Eucalyptol Geraniol lexyt: c(ljnnamlc Bacdanol
substance aldenyde
Citronellol Aurantiol
Damascone Benzyl acetate
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Figure 1. The antimicrobial effect of positive controls.

MP 30, methylparaben 30%; PE, phenoxyethanol; EG,
methylhexylglycerin; 1,2-HEX, 1,2-hexandiol. The results
are presented as the mean+S.D. of three independent
measurements.

u|AE2] HjokS $J5) shaking incubator (VS—8480SF; Vision
Scientific Co,, Korea)& AF&3I4TH 49 A% A=E 243517] ¢
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Table 2. Culture media and condition of test microorganisms

Results and Discussion

1. SEER BERQ| 73 AR Zut

Methylparaben 30% (w/v, DMSO9] €3f), phenoxyethanol,
1,2—hexandiol, ethylhexylglycerin®| &3 ZAi}= Table 31}
Figure 10 YERA ST
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2 4 7] g2l FsfioF FHChung et al,, 2015), Thegt 1|48
9 FAE dAI5p] e BEAZ 3Pl wigtE e A8
3tk (Cho et al., 2010), 3RS AP nBEZRE 2 Ho| H7]
#& EAS 7 glom, wetba] AlE AL URE] 9 BRE
Ae doZolr}, PE9] tF2Q] 1A] BEA| methylparabent}
phenoxyethanol 5 3FgEol ARSETL Q= 38Hd A BREAE

2 f7E 9ie] A= 9 g =r|E fdste] F2Rgo] Ueihe
A7} @o] ¥hAlEka QIthRyu et al., 2015), Q1A |0l thokst olo]
AzHpolZ5o] EAHY T EAste nE v E4F2 1
5 e d3to] Sl R A 02 WHH S aureus?t R AR
S, epidermidisE ) Z5}o] A EHCallewaert et al,, 2021), °}&
o] 9 5HA S, aureus EE T Aol 2= =5 ulok HAF

Test strains (abbreviation, No.)
Staphylococcus aureus (SA, KCCM 11335)
Staphylococcus epidermidis (SE, KACC 13234)
Escherichia coli (EC, KCCM 40271)
Pseudomonas aeruginosa (PA, KACC 10259)
Bacillus subtilis (BS, KACC 117047)

Candida albicans (CA, KACC 30004) Yeast
Malassezia furfur (MF, KCCM 11894) Fungi
Aspergillus niger (AN, KACC 40280) Fungi

Gram positive cocci

Facultative anaerobe Gram positive cocci
Gram negative cocci

Gram negative bacilli

Facultative anaerobe Gram positive bacilli

Media Culture condition
NA", NB? 24 h 37°C
TSA?, TSBY 24 h 37C
NA", NB? 24 h 37T
NA", NB? 24 h 37T
NA", NB? 24 h 37T
PDA®, PDB® 24 h 25T
MA”, MB® 96 h 37T
PDA®, PDB® 120 h 25T

“Nutrient agar; ?Nutrient broth; *Trypticase soy agar; *Trypticase soy broth; ®Potato dextrose agar; ®Potato dextrose broth; "Malt extract agar; “Malt

extract broth. All media used are from the BD Difco™ (USA).
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Al of23] W R SRl X= S aureus?} 60-90%2 W ol A
Sun, BRgA gt o] ot vE FEEe] 2tHKim
et al,, 2006a), 775t ol ol Bi=|o| Q= S epidermidis
£ coagulase—negative staphylococci (CoNS) A B2] LA Yoy
o7 ANFLER St HEH| =21 B—defensing FE=5fe] ] Fo]|
nE 2 wEol 98 ¥FE vt 27t ok Brown &
Horswill, 2020; Kim et al., 2020), o}&E3] uj5-go] tEZ2] A=
Al AHEo|EA| ] L0 7 Ql5f Hol= F4EY| 4= 2
717} 2L, B 3 EE, 3 TR 7le 2 7 oAl 2 Y
< 28351 ofEN Y A5}t anel 3 A BA dF= Lt
A A5t JrthJeong et al., 2021), E3F, thekzt 3 HEAE
I} A Y] Tt AR ol gt /el digt EAI7F AR
0 9lo] A|&A 9l AF-S X931 QItHHa et al,, 2009),

1) 163 ol 29| &frad Algd Zut

16% oME 299 JFatte & S7HA] dolA Ytz
Hot g REe] QUE A St BT} L431A YERTH(Table
4), £3] cinnnamon bark oilo] AAZ o= o] £A e
%=d (E)—cinnamaldehyde©] 3 A& o2 2159t Dhara
& Tripathi, 2013), o}&d H¥d IH #F9 S aureuset C
albicans®)| A linaloolo] 352422 E0]7}+= cinnamon bark oil
3} neroli oiloflA B BAdo] A YERFTHGuo et al., 2021), 1
24} cinnnamon bark oil- spicy A2 1 ]y &=F0]7] uj
Bof| AR ZL & AMER| 9k=t} Staphylococcus F TS H|
w3j BoFE uf tfREL A LUE2 S aureusol] Hold &
U7} QAL S, epidermidis= FHHCZ ot A7} Hol m]Ho
o]gtt, £3] linalyl acetate, limonene, o—terpinene 5-°] g3t
bergamot oiloll S, aureus®l| A7} £OU S, epidermidisoll= St
go] Altj&o2 WUthSharmeen et al,, 2021; Alves—Silva et al.,

Table 3. The clear zone diameter of positive controls (mm)
Strain
SA SE EC PA BS CA MF AN

Sample

MP 30 14.0 10.0 13.0 10.0 11.0 16.0 235 10.0

PE 12.0 13.0 16.0 13.0 10.0 20.0 22.5 14.0

EG 12.0 10.0 10.0 8.0 9.5 14.0 18.0 20.0
1,2-HEX 9.0 9.0 9.8 10.0 8.5 9.0 9.0 6.0
DMSO - - - - - - -

MP 30, methylparaben 30%; PE, phenoxyethanol; EG, ethylhexylglycerin; 1,2-HEX, 1,2-hexandiol, DMSO, dimethyl sulfoxide; -, no detection (6 mm); SA,
Staphylococcus aureus; SE, Staphylococcus epidermidis; EC, Escherichia coli; PA, Pseudomonas aeruginosa; BS, Bacillus subtilis; CA, Candida albicans;

MF, Malassezia furfur; AN, Aspergillus niger.

Table 4. The clear zone diameter of 16 essential oils (mm)
Sample SA SE EC PA BS CA MF AN
Cinnamon bark oil 14 - 21.17 -
Clove oil 17 15 8 14 10 2SN 50
Eucalyptus oil 26 12 12 13 11 16 10
Neroli oil 20 8 11 7 - 16 9 17
Bergamot oil 17 8 11 9 10 - -
Lavender oil 16 10 s [ 8 13
Spearmint oil 15 10 10 7 10 15 10 40
Lemon oil 15 8 17 ¢ 13 10 9 9
Grapefruit oil 15 8 8 8 12 12 15 13
Rosemary oil 14 8 14 9 - 14 13 -
Cedarwood oil 13 - - 8 10 - - -
Peppermint oil 13 8 10 - 12 15 10 38
Rose absolute 13 10 11 8 9 13 10 15
Patchouli oil 11 10 7 9 12 10 - 10
Sandalwood oil 9 - - 8 10 - - -

Ylang ylang oil 8 - - - 8 9 15

SA, Staphylococcus aureus; SE, Staphylococcus epidermidis; EC, Escherichia coli; PA, Pseudomonas aeruginosa, BS, Bacillus subtilis; CA, Candida

albicans; MF, Malassezia furfur; AN, Aspergillus niger.
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£ w5 3t 27t @A e AR 35422 cinnamon
bark oil¥} eucalyptus oil, rosemary oilo] a7} £4 ek
A}, Eucalyptus oil, rosemary oilof| A= 1,8—cineole, 6—pinene
o] 3FA 2 AFEo] e o] F AR S aureus, E, coli T
oA et A7t Yok EHA UrkSimsek & Duman, 2017: de
Sousa Eduardo et al., 2018). B, subtilis= E8]3t FAF A= AF
Aol 211 ZA}o] WBA o] 733t AL 2 neroli oil, eucalyptus oil,
rosemary oilo] o] IA YEPHIL o] 59 R = 354
S o—pinene®| FFEo] Itk 359 Xt C albicans, A, niger,
M furfurdld= 3EH 22 cinnamon bark cilo|A] 3 &7} =2
A Vel (E)—cinnamaldehyde, eugenol, linaloolo] F8. A8o0|
tHDhara & Tripathi, 2013). 7 ¥ Hl53} 29| AA#A M
furfure FHHLZ clove oilo|d 71 Fdan7t A vehe
eugenol, a—terpineol, B—caryophyllene¢| F8 G2 sh= o=
A2 A JthSharmeen et al., 2021; Alves—Silva et al,, 2021). T
gt A, nigeroA+= spearmint oil®} peppermint oilof|A] L% &

22 ehir,

2) 145 B M2 =0l SxE A™ 2t

A A o1 #3520l A] citral, damascene, D—limonene, phenylethyl
alcohol, hydroxycitronellal®] <=3t G212 UERATHTable 5). S,
aureus®} C. albicans®| A<= citral, D—limonene, hydroxycitronellal
oA St et A U R7-F SPEEOIA A Y oS,
aureus, F, coli, P. aeruginosa®|~] phenylethyl alcohol®] 3542
2 gt Bt S5kA et 3, C albicansol A 3 &

7} 24 YRt phenylethyl alcohol& B B4 S, epidermidis
e g+ AWt AY gl ALE UsHT M, furfurdlXe
aurantiol®] A, nigerol| A= geraniol, benzyl acetateZ} Bj-$- -3t
R a7t YSict

2 AFoA paper diske]l HAE H AIZW ARLE 4= glon
2 A AMSEE Gulol B4 got AEEE Ay Aol F
o] & Aae ddEE S48 o7l ZAF] Ao =%
minimal inhibitory concentration (MIC) B3 0.2 485 g 9 AJo]
Ut

Conclusion

ol=d] TRy W #5228, aureus®t C. albicans©lA linalool
o] FEZ o2 07} cinnamon bark oil# neroli oilof|A] &
4 4o A v, ddEZ Y= citral, D-limonene,
hydroxycitronellalol A S-AFeE a7t ATt C albicans, A,
niger, M, furfur A4 3%9|A] cinnamon bark oilo] TEH 02 3}
daI7HEA Uehdth, 283 M, furfure clove oilo] Fa M7}
A Vet

L= A 75 S, aureus, E. coli, P. aeruginosa= A1
29 £ cinnamon bark oil?} BYEZ £ phenylethyl alcohol®| &
TAor Ftanrt A Uehth S aureusolAl= bergamot oil
3} lavender oilo] 3t B} IA YEPER|RE S epidermidisoll=
P AL AA Ueht F e de g i ARdolle felskA o
Hedols gt 53 BT A0 vt

Table 5. The clear zone diameter of 14 single substances (mm)
Sample SA SE EC PA BS CA MF AN
Damascone 24 14 9 9 14 11 10 28
D-Limonene 19 13 15 11 16 18 17
Phenylethyl alcohol 17 12 11 17 10 10
Hydroxycitronellal 17 21 18 11 16 15 - 13
Bacdanol 17 9 8 7 13 - - 8
Geraniol 16 14 17 9 14 16 1 [T
Citronellol 15 5 11 8 12 14 13 21
Aurantiol 13 9 11 - 10 9 20
Benzyl acetate 11 11 8 9 9 10
Iso E Super 10 7 7 - 11 - 8
Hexyl cinnamic aldehyde 8 - - 8 - -
Eucalyptol 9 8 10 -
Camphor - - 8 -

SA, Staphylococcus aureus; SE, Staphylococcus epidermidis; EC, Escherichia coli; PA, Pseudomonas aeruginosa, BS, Bacillus subtilis; CA, Candida
albicans; MF, Malassezia furfur; AN, Aspergillus niger.
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