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ABSTRACT

The aim of this study was to investigate the individual and combined antibacterial activities
of plant essential oils against food-borne pathogenic bacteria and the antibacterial properties
enhancement of carboxymethyl cellulose film when incorporated with the oils. Antibacterial susceptibility
test was performed by agar disc diffusion method for ten essential oils including Cinnamon bark, Oregano,
Lemongrass, White thyme, Sweet basil, Holy basil, Coriander, Clove bud, Rosemary and Anise star against
Escherichia coli, Salmonella Typhimurium, Bacillus cereus and Staphylococcus aureus. The results
showed that both Cinnamon bark essential oil (CE) and Oregano essential oil (OE) gave the highest
antibacterial activities with clear zone diameters of 9.3+2.1 to 21.0+2.6 and 11.0+1.0 to 13.7+2.5 mm,
respectively, while the minimum inhibitory concentrations of CE and OE were 0.625 mg/ml against all
pathogens. Checker board test was used to determine the fractional inhibitory concentration indices,
showing as 0.561, 0.748, 0.529 and 0.748 against E. coli, S. typhimurium, B. cereus and S. aureus indicating
that CE and OE were partial synergism. The results suggested that this combination could reduce the
necessary concentration of CE and OE by 4 to 32 times and 2 times respectively. Moreover, the
carboxymethyl cellulose films incorporated with the oils showed antibacterial activities. The films
investigated in this study may be further developed as the alternative packaging materials to prolong

shelf life of agricultural and food products.

Keywords: Essential oils, synergistic effect, food-borne pathogenic bacteria, antibacterial activity,

carboxymethyl cellulose film
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Tasussytusidananlddmaliiianisgadenurmislasuinisvesemns msliduiigosaasliniedanm
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aun3d FdnsimuInuaImaIuNISAIWYaauNIdvesldungesaansls Inen1siiuansAIug dunsd
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°

soy agar (TSA; Himedia, India) 2sisuAasiaun 6 Sadunsiusiaandeasuueinsudslusiunisfisinun
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Checkerboard test (Hauser et al.,2015) Ing393719115uNANMTNTY 2.5-0.019 Jaansuneladans wayldunly
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a1 MIC Tngihanududuiaavesisiunsaeswinanansadudinisiasyvesteldillosgsiuiumnmuinm

v
@ a

AuilinUseansnInn1seangnssIu (FICH) a1nanseail

MICp  MICy,
+
MIC,  MIC,

AMNEAUNT A1 FIC Ae fulldinusyansningiu (fractional inhibitory concentration index), MIC, fio MIC
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wefeasugVsAuLNEIY, 1 < FIC < 4 wanedsliaSugys wag FIC 110031 4 vunefisesngnasiui

AsWAANAY CMC LazN1sNAFaUANNEINTTA IUNISANULTBLUATILSY

e

MImsENaIsazateay CMC 8199931035984 Alireza et al. (2015) Inedinnsusulasulivangay el

a

wisnansaraelitianuidutures CMC 18U 29% (wa) Tnsagans CMC fetindu ausnglinufousugamnd
fla 70° Cuan 30 - 45 Wit RunAlweseanmLTY 60% (vw) vesUTunar CMC 7ilE udausie 10 unil
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W0 5.5x8 wuiiuns sansliliuisiigumgiveduguaonteduna 20-48 $3lus vimsaeniiululaganinudy
finruauAuBuduEnST 51-529% Tasindeuuniidenlunsndui Wunad 48 Falus diilduildumaaou
ArmannsalunTsiudeuuniiiedie3s Agar diffusion method Tnesafldulifivunmdurinugudnansussana
6 findluns MUz ToRTowmTuTs MHA fii1unns spread plate FsansuriuassuuaiFeri 4 wia
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GUENL%EJLLUﬂﬁL%EJ S. Typhimurium, E. coli, S. aureus iag B. cereus 1agd Agar disc diffusion test Wudﬂﬁﬂﬁu
vewszmedn vy finnuamsalunisiudeuuaiieyniafivhumaaeu el dhifuvensuimeGonoue
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(2010) fifnwAmaLTRNSFuTeyuriduazesdusznavresihifunenssmemenisddeidonslsaluoimsuas
Feivinlromsdends daiidnddaiilndidesiulaeg CE Wawnaslaseide s. Typhimurium Wiy 23.040.7
fadwns vauzd OF Wumdasewde s. Typhimurium Whiy 14.1:0.8 Sadwas :nransnaaesiiedu Suden

OF waz CE WWfAnw MIC wazUszilluniseangndsiusely
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A1 MIC wazn1309ngns3muvas CE wag OF

P o

ilewn CE uae OF lunaeude™s Micro-broth dilution test wudnsia CE wag OF ilen MIC winiu 0.625
findnsuriefiadans deilouuniidoynaneiug Wennasunseangudsiumes CE uay OF wutduaosiiniinms
aaﬂqw%‘m%uﬁ'umamu Tng CE fifn MIC lanauiieldsauiu OF (MICqop) mé‘ﬁjﬁﬂiz?m%mwmsaanqwés’m
(FICi) #ia E. coli, S. Typhimurium, B. cereus wag S. aureus Winfu 0.561 0.748 0.529 wag 0.748 A1UAGU Wil
Tunslddsiunenssimetaaoswiingiufuaiunsaanainududuaes CE uas OF 1§8e 4-32 i1 uay 2 i
auddu fafinandly Table 2 wanismeassidulvlunafienfufuauiseess Clemente et al. (2016) #

a

ihnsAnwauaudavaznisvinulunsdudaderfuvsdvesiiuveussiveUdenausewazlianisa danuindian

q

FICi aglutie 0.5-4 Taglae FIC fiale £ coli kag B. cereus winiiu 0.75 uag 0.56 nuawiu JalndiAsiunad

¥ o '

a

lalun1s@nwilfgn wazdien FIC ROL%0 S. aureus noglugie 1-4 Fafidunndn FIC 91nn715W CE Sauiu OF
wanslishuin CE fu OF fuszAvdamniseenguisiianiy

desmmiunensaneidewilneongrsiasufiuiissundiu Tnedleldsutunrannsoanandudu
w03 OF Miifinsaesih FelddeniiavAnmmananitduy CMC saufuthiumeussmertadessiinueniy
anuaansalunsiudouuaiiFevesildu cMC fdudhdunensane

MnMsWARTEy CMC Afinsiiuihduneussmelaenisfinwinavesseduanududuves CE uas OF
wuh HdulFTEnvazlusuas v wasdianuBangu Fudlevinismeaeunsdudonuiiduiiin CE way OF
flsziuanududu 2-8% (vv) faruannsalunisdudeuuaiidennareiusiitumaaoy Tnsfauds
Arwanasalaawauiian Téud CE fissdumnududu 8% (8%-CE) Fsfivumsladiaide £ coli Wiy 34.041.0
fladiuns uansengegaiiofisuiu 29-CE, 49%-CE waz 6%-CE (P < 0.05) wavasilay CE sardle S. Typhimurium,
B. cereus uaz S. aureus AlulUlufirmuientu wagludiuvesiidu CMC fdin OF wuth nandladewts £ coli
yaalduiifaududu 4% (4%-0F) lufiruwanastunaidlaves 69%-OF way 8%-OF egnafituddny Tnendla
%ﬁ\lémﬁqmmsﬁummLsﬁwﬁuﬁmuma@:ﬁ 19-20 fiadiuns Wuieaiunaslavesiidgusiods . Typhimurium, 8,

'
' v @ =

cereus Uag S. aureus NvuIdlaves 6%-OF wag 8%-OF lifauunndaiuegeiideddgydmaiusinglu

o

Table 3 Han1IMAaeIHiANADAAGETUNANITIAGEIVBY Ma et al. (2016) AidnwReafunmandAnIsiiu
Pauvisdvesiidulalasusuiulilasdiadurenihifunenssmseuisuasinduiivies Inewuindavesiiduse
e £. coli, S. enterica wag L. monocytogenes fA10glutae 11.4-23.5 fadiuns

MnHamImaaes wandidiuindumeussmedvssavsamlunisdudinsatgomueiifegs iesn
anandRfiliveuivenihifunenssmevinlansoduhuerusadid i lumaduuaiidels was Sudinisia
goueulwifivhuifiundesvaduuaiise nelfAnnansenudelasiadiauaznszuiunsaie luwaduuaiise
wenaniswilderuwadiianisdnnmaugydesuaniinmdudedonin vilflossuss 4 mnnglumad
Tnaeanueniad lae OF Jeflansdrfey fe Canvacrol WussdusyneundnivilmAnnsiilnavesieamalossy
meluwad vhlwadvganisiadey luduves CE @sl Cinnamaldehyde ilussdusznaumdn wuinanusaduds
nsiaseyrasuniiiels tnemy carbonyl Tu Cinnamaldehyde agduiulusiu dwalvdudinisvinuresouls
amino acid decarboxylase 713 Lﬁaqmﬂaqﬁﬂixﬂauﬁwé’@uﬁﬂﬁwamzmaLm'a zydadaunananeniu nsly
ihifuufuieaiansiugrstundeliasugrdsuld ImaLﬁaqé}’uﬁmié’uﬁwgmdwmaﬁmm@mmaﬁﬁﬁuwam
sumeildsufuiinsesngrdluuinanientu wieviuiisendeu Suilildaunsanansauannsalunsduds

Welsauil luanmgliiiansiugrsiurielivaninisesngssinduliedsanysal (Hyldsaard et al., 2012)
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ogslsfimnu lunmsmaaesi deiuisfunenssne i 8% aduasavareiidy wuinialymaeiida
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sroup dwalildunuserutuldfuazazaretldenty ?quﬂéfaaﬂ15‘1'7\1éuﬁazmafﬂé’ﬁmaﬁaammuﬂ%mm
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Snulpeiidurind o munaudnuarresiiduiivesnsliinia wasnvmavesssdunnududuresisunen

semgfauUAnIINIennvasiaumely
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Table 1 Inhibition zone of 10 EOs against pathogenic bacteria.

EOs Inhibition zone (mm)
S. Typhimurium E. coli S. aureus B. cereus
Cinnamon bark 21.0+2.6 9.3x2.1 18.7+0.7 16.0+1.7
Oregano 13.7+2.5 13.0+2.6 11.3+1.5 11.0+1.0
Lemongrass 14.1+0.1 7.5+0.7 10.1+1.0 10.7+0.6
Thyme white 10.5+2.1 8.3x1.5 7.7+1.2 7.7+0.6
Sweet basil 10.0+0.1 7.3£0.6 7.7£0.6 6.7+£0.6
Holy basil 8.0£0.1 7.0£0.1 7.5+0.7 8.3x0.6
Coriander 6.0+0.1 7.5+0.7 6.5+0.7 7.5+0.7
Clove bud ND 7.0£0.1 7.0+£0.05 6.7+£0.6
Rosemary 8.0£0.0 ND ND ND
Anise star ND 7.0+0.1 ND ND

*ND = Not detected.

Table 2 MIC and FIC, of CE and OE.

1 ANYIFEANTNENT

Pathogenic MIC (mg/ml) FIC,
bacteria OE CE OE/CE CE/OE

S. Typhimurium 0.625 0.625 0.312 0.156 0.748

E. coli 0.625 0.625 0.312 0.039 0.561

S. aureus 0.625 0.625 0.312 0.156 0.748

B. cereus 0.625 0.625 0.312 0.019 0.529

Table 3 Inhibition zone (mm diameter+SD) of CMC films incorporated with CE and OE.

Essential oils Concentration Inhibition zone (mm)

(%) S. E. coli S. aureus B. cereus
Typhimurium

Cinnamon 2 1333£0.58°  14.33£0.57° 13.67+£1.52° 13.00+1.00"
bark i 16.33+0.58°  17.67+1.52° 16.00£1.00°  19.00+1.00°
6 24.33+£1.15°  25.00£0.00° 20.33+1.15°  24.00+1.00"
8 30.33+0.58°  34.00+1.00° 27.33+2.08°  32.00+1.73°
Oregano 2 15.00£0.00°  14.33+1.15° 11.3320.57°  14.33+0.57°
4 17.00+1.73°  19.33+2.08° 18.00£1.00°  20.33+0.57°
6 23.33+153°  19.33+2.31° 20.33x057°  27.67+2.08"
8 22.67£0.57°  20.67+0.57° 20.33+1.53"  28.33+1.53°

*Means in each column with different superscript letters are significantly different. (P < 0.05)
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