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ABSTRACT - The ability of volatile components of essential oils (EO) from cinnamon, clove, and lemongrass
to inhibit biofilms formed on polyethylene and stainless steel by six types of food poisoning bacteria was investigated.
The main components of cinnamon EO were identified as cinnamaldehyde (38.30%), linalool (9.61%), f—caryophyl-
lene (8.90%), and 1,3,4-eugenol (8.19%). 1,3,4-Eugenol (61.84%) was the dominant component of clove EO. The
major component of lemongrass EO was citral. Citral is a natural mixture of two isomeric acyclic monoterpene alde-
hydes: geranial (trans-citral, 19.11%) and neral (cis-citral, 19.23%). Among these major compounds, cinnamalde-
hyde, linalool, eugenol, and citral exhibited comparatively strong antimicrobial activity in the disc diffusion assay.
Treatments with 0.1% eugenol and citral were highly effective on biofilm inhibition on both tested surfaces. Cin-
namaldehyde (0.1%) was effective against biofilm formation by Listeria monocytogenes ATCC 19112 and Staphylo-
coccus aureus KCCM 11812. These results suggested the potential of cinnamaldehyde, eugenol, and citral treatments
in inhibiting the formation of biofilms by food poisoning bacteria.
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Materials and Methods
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22h 9 lemongrass (E17]14h)+= 5A](Jeonbuk, Korea)
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k. &, $%7] ZF(steam distillation)= clevenger-type
essential oil extraction apparatus (EssenLab-plus, Hanil
Lab Tech Co., Ltd, Yangju, Korea)E ©|&3} 3A|17t &
¢k XAt SR a3l €2 BhHe =FToE HE
w28t F43AEE(Na,SO, anhydrous)S H7FgE &
gco] Bt FE2 AASAT. BhHe ARs] A
A HE AR RRe A28 skl 40Ce]
Yo Bt #uldE FH emulsion ARESH]
Aol 30z &< #Astste] ARSI

3H(1:9)%+ ©& GC-Mass spectrometry (GCMS-QP2010
Ultra, Shimadzu Co., Kyoto, Japan)S AF&3le] #4313
). GC-Massdll 25l #-2]% peake] AJE-2 mass spectrum
library (Wiley 8, NIST 08)E 7|F2o2 F43IAh.
A9l g AR A2 $]%F GC-Mass spectrometry
o] BMzAL v 7 tH(Table 1). Columne DB-5MS
(0.25 mm x 30 m, film thickness 0.25 pm)E AF&3}H 2,
injectore} detector?] =& ZHzZ} 280°CS} 260°CZ 1
o, column L9 &%= 70°CAlA 317 FAAZ T
300°C7HA 10°C/min® 7FsA1715L 300°Coll A 587 FA]
A A Lu7taE dE(He, 70 kPayS ARE-E12H, flow
rate= 1 mL/min, split ratio= 30 : 12 S}, A|E+= 1 uL
£ FY3AT lon sourced =E+ 200°CE 3FH L,
ionizing voltage= 70 eVO| AT}

Table 1. GC-MS conditions for analysis of the volatile components of cinnamon, clove, and lemongrass essential oils

Instruments Conditions
GC Instrument GCMS-QP2010 ultra (Shimadzu, Kyoto, Japan)
part Column DB-5MS, 30 m x 0.25 mm x 0.25 um
Carrier gas Helium
Injector temperature 280°C
Oven temperature 70°C 3 min hold, 10°C/min to 300°C, 300°C 5 min hold
Column flow 1 mL/min
Injection volume 1 uL
Split ratio 30:1
MS Ion source EIl
part lon source temperature 200°C
Interface temperature 230°C
Scan range SIM mode
RT (min) Components
7.9 min 71 m/z Linalool
10.9 min 131 m/z Cinnamaldehyde
12.2 min 164 m/z Eugenol
10.3 min, 10.8 min 69 m/z Citral(isomer)
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Results and Discussion
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Cinnamon 2] /& &4 A3(Fig. 1A) T 36572l
E3Zo] A&5 %™, cinnamaldehyde (38.30%), linalool
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Fig. 1. GC/MS profiles of essential oil (EO) from cinnamon, clove, and lemongrass.
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Table 2. Volatile components of cinnamon essential oil by GC-
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MSD
Peak RT" Components Peak zgea
No. (min) (%)

AT o 6yhepane 015
2 40910 Pinene 1.69
3 5194 Camphene 0.76
4 5378 Benzaldehyde 1.14
5 5708 B-Pinene 0.64
6 6.196 1-Phellandrene 1.39
7 6310 3,7,7-Trimethyl-bicyclo(4.1.0)hept-3-ene 0.19
8 6422 a-Terpinene 0.26
9 6.580 p-Cimene 5.51
10 6.654 (+)-(R)-Limonene 1.59
11 6.711 1,8-Cineole 0.98
12 7.204 y-Terpinen 0.13
13 7.754 2-Carene 0.21
14 7953 Linalool 9.62
15 7.998 Nonanal 0.20
16 8.821 4-Isopropyl-1-methyl-3-cyclohexen-1-ol 0.99
17 9.362 I1-Isopropyl-4-methyl-3-cyclohexen-1-ol 0.14
18 9.582 o-Terpineol 1.93
19 9.692 Estragole 0.43
20 10.068 trans-Cinnamaldehyde 0.79
21 10.416 Cumaldehyde 0.71

22 10.970 Cinnamaldehyde 38.30
23 11.317 Geranyl formate 0.11
24 12.244 1,3,4-Eugenol 8.19
25 12.829 Eugenol methyl ether 0.95
26 13.168 Cinnamic acid 0.26
27 13.253 f—Caryophyllene 8.90
28 13.448 Cinnamy] acetate 6.11
29 13.714 a-Caryophyllene 2.21
30 13.773 Cinnamoy] chloride 0.16
31 14.511 Eugenol acetate 0.12
32 15133 Cyclopropane, 1 ;thc:rtl)}flll-Z-methylene- 1- 032
33 15.467 Caryophyllene oxide 1.42
34 15.793 Humulene oxide 0.20
35 17.569 Ascabiol 1.59
36 21.357 Benzenepropanoic acid 0.11
Others 1.60

Total 100.00

! Retention time based on the peak of GC-MS chromatogram.
2 Peak area on the GC-MS chromatogram.

Table 3. Volatile components of clove essential oil by GC-MSD

Peak R”lj” Components Peak azrea
No. (min) (%)”
1 10.542 4-Allyphenol 0.14
2 12.255 1,3,4-Eugenol 61.84
3 12425 p-Eugenol 4.69
4 12.591 Copaene 0.27
5 13.275 p—Caryophyllene 19.41
6 13.723 a-Humulene 3.34
7 14272 a-Guaien 0.11
8 14.541 Eugenol acetate 6.91
9 14.58 B-Cadinene 0.62
5-Oxatricyclo[8.2.0.0(4,6)-] dodecane,
10 15.409 4,12,12-trimethyl-9-methylene-, [1R- 0.21
(1R*,4R* ,6R*,10S*)]-
11 15471 Caryophyllene oxide 1.47
12 15.794 Humulene oxide 0.18
Others 0.81
Total 100.00

! Retention time based on the peak of GC-MS chromatogram.

? Peak area on the GC-MS chromatogram.

Table 4. Volatile components of lemongrass essential oil by GC-

MSD
Peak RT Peak
No. (min)" Components areezt)
(%)
1 4586 3-Methoxy-3-methylbutanol 15.32
2 5465 Mentha-1,4,8-Triene 0.21
3 5.804 6-Methylhept-5-en-2-one 1.29
4 5893 B-Myrcene 0.48
5  6.194 1,5,8-p-Mentahtriene 0.53
6 6.256 2-tert-Butoxyethanol 0.11
7 6574 1,3,8-p-Mentahtriene 0.38
8  6.648 D-Limonene 0.49
9 6.708 Eucalyptol (1,8-cineole) 0.83
10 7.066 2-Methyl-2,4-dimethoxybutane 0.38
11 7.769 2,6-Dimethyl styrene 0.13
12 7915 (+-)-Linalool 1.90
13 8.865 (R)-(+)-Citronellal 0.70
14 8974 Perillic alcohol 0.31
15 9.058 Limonene oxide 0.39
16 9.405 cis-Carveol 5.91
17 9.495  S-Isopropenyl-2-methylenecyclohexanol  0.13
18 9.578 p-Menth-1-en-8-ol 0.81
19 9.679 Valeric acid, 3-methylbut-2-enyl ester 0.11
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Table 4. (Continued) Volatile components of lemongrass essential
oil by GC-MSD

Peak RT" Peak
No. (min) Components areazl)
(%)
20 9.748 Cyclopentanone, 2-cyclopentyl- 1.10
21 9.853 Carveol 1.82
22 10.052 [1,1'-Bicyclopentyl]-2-one 1.49
23 10.416 Geranial (frans-citral, citral A) 19.11
24 10.575 Geraniol 6.19
25 10.660 3-Carvomenthenone 0.17
26 10.885 Neral (cis-citral, citral B) 19.23
27 10.979 6-Methyl-7-octen-2-one 0.23
28 12.012 Berbenone 0.96
29 12.205 p-Eugenol 0.23
30 12.481 Geraniol acetate 1.22
31 13.224 p—Caryophyllene 0.64
32 13.703 a-Humulene 0.66
33 14.572 Cadina-1(10),4-diene 0.19
34 15.461 Caryophyllene oxide 0.82
35 17280 2,6-Octadiene, dll-él L—;lt}k/ll(ixyethoxy)-3,7- 0.49
36 17.613 Methoprene 0.19
37 18349 (2E)-1-(1-Ethoxyethox.y)-3,7-dimethyl-2,6- 0.20
octadiene
2,6,11,15-Tetramethyl-hexadeca-
3820418 2,6,8,10,14-pe)r/1taene 0.18
-Trimethyl-1-penta-1,3-dienyl-2-oxabi-
3920548 T z;c}Io[&géO]lief)’tS-;eiey o’ 0.47
40 20.694 o-Farnesene 0.56
41 20.809 Geranyl geraniol 0.21
42 20.954 trans-a-Bergamotene 0.27
43 21.005 Diallylphenylvinylsilane 0.10
44 21.375 Retinol 0.21
45 21.575 Allyl ionone 1 0.44
2,6,11,15-Tetramethyl-hexadeca-
46 21.605 w ,2,6,8,10,14-pe}1/1taene 0.34
47 21.857 O-Geranyl 3.80
48 22280 2,6-Octadiene,1i-i(n:l :;1;c;xyethoxy)-3,7- 6.38
49 22.562 Longiverbenone 0.29
50 22.635 3,5,9-Trimethyl-deca-2,4,8-trien-1-o0l 0.18
51 22815 3,7,11-Trimethyl-dodeca-2,4,6,10-tetraenal 0.29
52 24.590 Farnesol isomer B 0.22
53 25.010 (E)-3,7-Dimethylocta-2,6-diene-1-thiol ~ 0.29
Others 0.40
Total 99.98

! Retention time based on the peak of GC-MS chromatogram.
? Peak area on the GC-MS chromatogram.
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Table 5. Antimicrobial activities of major compounds of essential oils using disc diffusion assay
(Unit : Mean+SD inhibition zone (mm))

Strains
Compounds B. cereus L. monocytogenes S. aureus E. coli P, aeruginosa S. Typhimurium
ATCC 13061 ATCC 19112 KCCM 11812 KCCM 11234 ATCC 27853 ATCC 11862
p-Cimene NDV ND ND ND ND ND
) Linalool 11.67+0.58%  10.67+1.15 10.33+£0.58°  11.33+1.15°  11.33+1.15° 9.67+1.15"
Cinnamon Cinnamaldehyde 34.67+4.16* 23.33+4.16*  24.00+£3.00* 16.33+£0.58* 12.00£1.00°  15.67+2.08°
Cinnamy]l acetate ND ND ND ND ND ND
1,3,4-Eugenol 23.00+1.73° 13.67+0.58° 14.67+2.08" 17.33+1.15° 10.33+£0.58°  11.00+1.00°
Caryophyllene ND ND ND ND ND ND
Clove a-Humulene ND ND ND ND ND ND
Eugenol acetate ND ND ND ND ND ND
3-Methoxy-3-methylbutanol ND ND ND ND ND ND
cis-Carveol 2.67+0.58° ND ND 3.33+1.15°  2.67+1.15 2.00+0.00°
Lemongrass
Citral 16.67+1.15¢ 10.67+1.15° 11.33£2.31°  11.33£1.15"  11.33+1.15*  10.00+1.73°
Geraniol ND ND ND ND ND ND

Data represent means+standard deviations of three measurements.
UND: Not Detected.
YMeans with the different letters within a column are significant different (P<0.05).

Table 6. MIC and MBC of cinnamaldehyde, eugenol, linalool, and citral against food poisoning bacteria (Uint : mg/mL)

Components
Strains Cinnamaldehyde Eugenol Linalool Citral
MIC MBC MIC MBC MIC MBC MIC MBC
B. cereus
ATCC 13061 0.020< 0.039< 0.039< 0.078< 0.078< 0.150< 0.020< 0.039<
L. monocytogenes
ATCC 19112 0.020< 0.039< 0.039< 0.078< 0.078< 0.150< 0.020< 0.039<
S. aureus
KCCM 11812 0.039< 0.078< 0.078< 0.150< 0.078< 0.150< 0.039< 0.078<
E. coli 0.020< 0.039< 0.078< 0.150< 0.031< 0.300< 0.020< 0.039<
KCCM 11234 ) ’ ’ ’ ’ ’ ) ’
P aeruginosa
ATCC 27853 0.039< 0.078< 0.039< 0.078< 0.078< 0.150< 0.039< 0.078<
S. Typhimurium "
ATCC 11862 0.039< 0.078< 0.039< 0.078< 0.078< 0.150< 0.039< 0.078<

@& MIC (0.039 mg/mL)9} MBC (0.078 mg/mL)E “EF
WAy S aureus, E. colid] A= AFoz =&
MIC (0.078 mg/mL)2} MBC (0.150 mg/mL)E YERJ AT}
Linalool E. colidl tialA =t vt MIC (0.031 mg/mL)E
el o MBCE tHE 255 A9l 74-9-(0.150 mg/
mL)Et =2 0.300 mg/mLE YERHIT) Citrale 2E
Ald ol tlsted cinnamaldehyde$} 722 MIC (0.020-
0.039 mg/mL)2} MBC (0.039-0.078 mg/mL)S YERH AT},

Prabuseenivasan 5**& cinnamon® clove 2] MIC

7} E. coliol WAl >1.6 mg/mL, P aeruginosa® s
0.8-1.6 mg/mL 22|32 S aureus®] WA= 3.2-6.4 mg/
mLS YERIT L Basigion, & Aol es A
7F obd e S SR AIFs7] wEel
MIC =7} B @A Yepd 202 Azt A2
2 Cinnamaldehyde®} citral®] 652 255 Aol tsh
MIC ¥ MBC7} eugenol3} linalool®] 74-$-ET} vA
3374=
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Table 7. Inhibition effect of 0.1% cinnamaldehyde, eugenol, linalool, and citral treatment against biofilm formation by food poisoning
bacteria on polyethylene and stainless steel coupon surface

. . Polyethylene Stainless steel
Strains Volatile components Log CFU/coupon  Inhibition rate (%) Log CFU/coupon  Inhibition rate (%)
Control 4.36:0.02" - 4.29+0.01*" -
Cinnamaldehyde 2.95+0.05° 32.33+0.75° 2.33£0.11¢ 45.99+2.79°
Afcffiﬁil Eugenol 2.69+0.03¢ 38.2440.27° 2.04+0.00° 52.44+0.12°
Linalool 3.3120.01° 24.0940.71° 3.514£0.03" 18.210.57¢
Citral ND 100.00+0.00° 3.36£0.01° 21.72+0.38
Control 4.030.04° - 4.48+0.01° -
Cinnamaldehyde ND* 100.00+0.00° ND* 100.00+0.00°
L. ’Z;’éocc{tgolgfznes Eugenol ND® 100.000.00° ND® 100.00£0.00°
Linalool ND 100.00+0.00° ND* 100.00+0.00°
Citral ND" 100.00+0.00° ND" 100.00+0.00°
Control 4.84+0.05° - 4.35+0.06" -
Cinnamaldehyde ND¢ 100.00+0.00° ND® 100.00+0.00*
K“é C"ﬂfi’; b Eugenol ND* 100.00+0.00° ND" 100.00-0.00°
Linalool 2.7940.09° 42.5642.39° ND" 100.00+0.00°
Citral ND* 100.00+0.00° ND* 100.00-0.00°
Control 5.38+0.03* - 5.61+0.022 -
Cinnamaldehyde ND 100.00+0.00° 2.37+0.074 57.80+1.28"
chviﬁim . Eugenol ND® 100.000.00° 2.7040.04° 51.83+0.56¢
Linalool ND" 100.00+0.00* 3.07+0.01° 45.19+0.32¢
Citral NDP 100.00+0.00° ND* 100.00+0.00°
Control 6.75+0.03" - 6.62+0.03" -
Cinnamaldehyde 3.00+0.00° 55.6040.14° ND* 100.00+0.00°
P Aiecré‘g’;’g"ssg Eugenol ND! 100.00+0.00° ND* 100.00-0.00°
Linalool 2.65+0.06¢ 60.76+0.71° 4.25+0.06" 35.96+1.28"
Citral ND! 100.00+0.00° ND* 100.00-0.00°
Control 6.93+0.02% - 6.90+0.012 -
o Cinnamaldehyde 2.77+0.01¢ 60.08+0.03" ND* 100.00+0.00°
S‘Z%’g}gll’}‘gégm Eugenol ND! 100.00-0.00° ND* 100.00-0.00°
Linalool 4.03+0.01° 41.84+0.01° 2.74+0.00° 60.33+0.12"
Citral ND! 100.00+0.00° ND* 100.00+0.00°

Data represent means+standard deviations of three measurements.
YMeans with the different letters within a column are significantly different (P<0.05).

2ND: Not detected.

B %822 biofim M| &

Cinnamon, clove

lemongrass A2 T8 g A4

4.36+0.02 log CFU/coupon (Control)] biofilm= 3-d 3}

AR

o, citraloll €J3l 100% A=A 1 Tha S = eugenol

HolHA] 784S YERY = cinnamaldehyde, eugenol,
linalool & citralS ©]-83te] 659 AFE Aldo] A&FH
Z 3 W(polyethylene % stainless steel coupon)oll B4 sH
biofilme {A|sh= T35 AP’ A= Table 73 2t

Polyethylene coupon :EH|X B. cereus ATCC 13061

o] 2.69+0.03 log CFU/coupon®Z 38.24% A %=2] biofilm
A& YERN Y. Stainless steel coupon A B,
cereus ATCC 13061-> 4.29+0.01 log CFU/coupon (Control)
2] biofilme FA3I.2™ eugenoldl] 28k 2.04+0.00 log
CFU/coupon® 2 52.44% A =9 biofilm A&& e
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Tk Citral®] 79 stainless steel coupon X WA=
3.36£0.01 log CFU/coupon (biofilm A& 21.72%)°.2
polyethylene coupon ¥ = tfE2 7S LeRsiT)

L. monocytogenes ATCC 19112+ polyethylene coupon
FErHA 4.03+0.04 log CFU/coupon, stainless steel coupon
FEHANA 4.48+0.01 log CFU/coupong] biofilmo] &=
%12}, cinnamaldehyde, eugenol, linalool ¥ citral *] 2]l
°]&ted biofilme] 100% A= At

S. aureus KCCM 11812 polyethylene coupon 3Tl
] 4.84+0.05 log CFU/coupon 2 stainless steel coupon 3
Hol|A] 4.35£0.06 log CFU/coupon?] biofilm®] &4 =]
S} polyethylene coupon EFHOA] linalool # 2]l 2]3
2.79+0.09 log CFU/coupon®] biofilme] F2 A& #|<]3}
3 UmA A FeMe RE AFET biofime] A
= At

E. coli KCCM 11234+ polyethylene coupon 3T ol|A]
5.38+0.03 log CFU/coupon?] biofilme] A= N1}
cinnamaldehyde, eugenol, linalool & citral ol 2|3}
biofilm®] 100% A= AT}, 121} stainless steel coupon
HEHIAAME citral Aol 2JsIAT 100% A &7
B}t 2™, cinnamaldehyde, eugenol % linalool Z}7}
57.80% 51.93% 2 4519% AEe AAES H
polyethylene coupon %™} x}o]7} USTH

P aeruginosa ATCC 27853 th3llA4= eugenolZ} citral
2ol 93l polyethylene coupon} stainless steel
coupon T FFOA biofilme] 100% <A &347F S
© ™, stainless steel coupon A= cinnamaldehyde™=
biofilm< 100% A5} th. Stainless steel coupon 3T |
] linalool A& 2]3] 6.62+£0.03 log CFU/coupon<]
biofilme 237 log A% 9AIste] 4.25£0.06 log CFU/
coupon®| biofilmo] F2 A& glslairt.

S. Typhimurium ATCC 118629 th3lX+= P aeruginosa
ATCC 278539} YU 3HAl polyethylene coupon EHAA =
eugenol citral A 2]oll ]3], stainless steel coupon EH
olAl:= cinnamaldehyde, eugenol % citral 2ol 2|3}
biofilm®] 100% A=A}, Polyethylene coupon Wl
A% cinnamaldehyde #2]ell &t 6.93+0.02 log CFU/
coupon?] biofilmE 2.77+0.01 log CFU/coupon®Z 4 log
CFU/coupon ©]32] biofilm <A 37} Je Aoz 1}

F i g HrlolA MIC 2 MBC 5%=7F
of H]3te] =A YeRd linalool®] 73-%- biofilm
T OE AR Husids o 9 Aoz g
A= ATt

Citral®] 7]~ stainless steel coupon %o FAE B
cereus ATCC 130612] biofilm= A3l BE A dd3
9] biofime A3l 7P & &35 YeER)UY. Khan

7} Ahmad*’= phytocompounds (cinnamaldehyde, citral,
eugenol?} geraniol)S ©|-831 Candida albicans®] biofilm
S Alo}3k A3} eugenol > cinnamaldehyde > geraniol >
citral 5% biofilm S A8l Balste] 2 A
TAIet thar 2ol AT

Citral-< African  basil,
lemongrass, oranges & bergamot?} 7S 21E9] 3} Y
oA A 2e T de FESZA] geranial# neral®] T
7 240 o] dAATE £E o o] A3t HEdFS W
7] e S8 o AF 5ol &2 W7l fEiA AR
71 = SO, HESE citral S generally recognized as safe
(GRAS)E TFH 257 H7HEEA], vl=r FDAO 23l 2%
o A AES d]7tEo] 7] wiell AEFAA 3
dAEA T 282 T US AoE A7

myrtle trees, lemons, limes,

2229

2155 Al 2]t biofilm S JAstE &34E Al
#3}7] 913l cinnamon, clove ¥ lemongrass -2 %]
EAEATh B3 AR Fo daEd A
| polyethylene¥} stainless steel WA 2F5 Al
o3t biofilm S AAsh= &l tiste] ASHA
t}. Cinnamon A2 F2 3]¥Ad A4E-LS cinnamaldehyde
(38.30%), linalool (9.61%), P—caryophyllene (8.90%) =
1,3,4-eugenol (8.19%)% &8 =AUt Clove B9 F8&
3 AES 1,34-eugenol (61.84%)F HAE Tk
Lemongrass®] 8 3|4 A& citral®] o] A A<l
geranial (19.11%)3} neral (19.23%)2 HE= %2, citral
£ isomeric acyclic monoterpene aldehydes @] geranial
(trans-citral, 19.11%)2} neral (cis-citral, 19.23%)2] S35
Z BA A} Cinnamon, clove ¥ lemongrass®] 8 A
% % cinnamaldehyde, linalool, eugenol % citral®] disc
diffusion assay®l] oJ3ll Al@3t 652 255 Aol st
o] 733t &a34dS YebAT Eugenol (0.1%)3 citral
polyethylene % stainless steel coupon oA 2F5 A|
ol <) FAE biofimoll thate] 73 oA 2Hg-S
E}tt}. Cinnamaldehyde (0.1%)< Listeria monocytogenes
ATCC 191122} Staphylococcus aureus KCCM 1181291 €]
3] JAE biofilmell el gk oA 2S5 vEdth &
T A3} cinnamaldehyde, eugenol 2 citral *]2]ol <]sf 4]
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o

)= Ne)
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