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Abstract

Escherichia coli O157:H7 is an enteropathogenic bacteria causing hemolytic uremic syndrome. It is
transmitted to humans through the consumption of contaminated foods. Currently, food industries try to find safe
biological preservatives such as essential oils and honeys to replace synthetic chemical preservatives. The
purpose of this research was to investigate the effects of combinations of essential oils and honeys on the
inhibition of E. coli O157:H7. The results revealed that the minimum inhibitory concentrations (MICs) of five
essential oils including lemongrass essential oil, anise star essential oil, sweet basil leaf essential oil, betel vine
essential oil and kaffir lime leaf essential oil were between 1.562 and 3.125 uL/mL while the MICs of 5 honeys
including longan honey, sunflower honey, lychee honey, coffee honey and manuka honey ranged from 6.25 to
25% (v/v). The synergistic antibacterial activity of essential oils and honeys was evaluated by the checkerboard
microbroth dilution assay and analyzed by the fractional inhibitory concentration index (FICI). It was found that

the combinations of sweet basil leaf essential oil with coffee honey or manuka honey showed synergistic effect
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with FICI of 0.5. Furthermore, the combinations of lemongrass essential oil or kaffir lime leaf essential oil with any

kinds of the honeys showed additive effects with FICI values of 0.75-1.00. Therefore, the combination of essential

oils with honeys may be a novel alternative as a biopreservative to control £. coli O157:H7 in food.

Keywords: Antibacterial activity, Essential oil, Honey, Synergism
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N oa A A .
wuaisedildlun1snaaese e £ coli O157:H7

ATCC 43895 La89bua 151889438 Brain Heart Infusion
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(BHI igaunadl 37 ssriwaided usnwefiaamgl 20
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n1susspdundndmeiuds 5 via ldud Widanendile
(Longan honey) W i4nanNIuRz U (Sunflower honey)
1H9nanaud (Lychee honey) Urdsnannauil (Coffee
honey) Wdwa1dun1ndsnindeslnd wenainiily
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wguaun LUuygARIUANKAUIN (Positive control) UIR3
nanuagniiuliluussydasiiu uiigamgll 22 + 1

IANYALTYFNABATTYLLIANITANYT

2.4. miwmaaqu“géfmLwﬂﬁﬁwa\n}ﬂﬁuwau
S2MBR2Y3S Agar disc diffusion

WisuasazasuIuansuUaiiie Tneudude
U%fjﬂéﬂﬁ%ﬂﬂL%aawummi Mueller-Hinton Agar
(MHA) Unilgaumadl 35 ssawaideaiiunan 24 dalus
ndudenialainien q dreasduemismizide
Mueller-Hinton Broth (MHB) Umﬁqmwﬂvﬁ 35 8961
wadeaduan 26 $alus wdnhinisidesadeldly
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wizdlfunnde (Swab) hfavthenmsuds MHA #ae
IfiudanusiAannide (Cotton swab) 2naunudad
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azanglulawdadanonlen (Dimethyl sulfoxide; DMSO)
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75 Agar well diffusion
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Yranndeliifaniiemisuds MHA daeliiwudad
UsiAannide mm‘iuumwaqu YUIALFURIUAUGNA 6
fiaduns wi vt usasinfiazaedeinaulaenide
Arandudu 50% (vAv) Uunsviqua 60 Tulasans fis
ilgamgiivies 30 urit snduiiusilgamgsi 35 oam
waded Wunan 1824 $7lus asrvdeunanisvadeulag
fouagmanadsvuaduiiuguinatsuinudiuda (n

MIneaes 3 1) NMavaaesilly DMSO WuyaruANKaaY
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2.6. mamAraududuigavasirtunes
symeuaztR uSad anuaiiEe (Minimum inhibitory
concentration; MIC) 1ae 1435 Rezasurin microtiter
assay
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WisWouwuafiseuIu 1x10° CFU/mL asldlungy
U3uraw 10 lulasdns Unideadengumgll 35 991
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Rezasurin AMUNTY 1 Tadinuneladdns vauas 10

a
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3 grsioiwan Tngld Positive control Ao nauilfiane
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fUYANARBIAIUAN Lagia1TAAT MIC [Wufiedfiuns

NAFOUYBINTURDUTELAY

104

¥
@ °

4 s
2.7. N15USIUNITLEINANINUVDIUINUNBY

STMELAZUINg

v
o °

YU NS ELazUNRaNINSIVFBUNNSIESY

aa

qwéﬁ’uﬁw?ﬁ Checkerboard microbroth dilution test
[20] Tneil3snseeil nauifunenszmouaz il
ArmuaseiuaLduTus s MIC-MIC/8 1in Taeld
aududuanunlumdeslunuadiuasuuaue uvs
lulasiwan (column/row) TneAInuAUININSVO AT
urazsiiafl 45 lulasans WuideuuafiBesiuay 1x10°
cru/mL aslUlumauuianas 10 lalaséns vudsatod
gaungll 37 ssenwadea \Jua 24 Falug i
a15a¥a18 Rezasurin ANUdLTUY 1 Taansudeliadans
viquay 10 lulasdns vusiefigunadl 35 ssmwadoa
Ymsmaaes 3 91 Tufinwaudaniumen MIC waznns
mANTIY YaUsEanSamean FICI (Fractional Inhibitory
Concentration Index)
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2.8. MSMANNIRTIAUTEEANTAINSIY
P v ado a a ' .

A1SUIAATUTINUTZENTAINTIN (Fractional

inhibitory concentration index; FICI) fignsAuausail
FICI = FICq + FIC,

Tnef

FICto = Fractional inhibitory concentration
vonhsuveusEivey JailgnsAnuInaal

FICeo = (MICeq,/MICeo)

P

Wie

MICeo.yy = MIC 989U unaussieiin gy

MICgo = MIC yoshsfuneusyveogaie
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FIC,, = Fractional inhibitory concentration ¥4
thils afignadnuanded

FICeo = (MICeo,/MICeo)
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MICeo,y = MIC vostiadleldsruiuitunes
SEINE

MICeo = MIC U89UNRNDENALAEY
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nsudanadi FIC inausisad FIC < 0.5 e
W@SugSiu (Synergistic effect), 0.5 < FICI <1 wanef
fuwilifunasugrdiu (Additive effect), 1 < FICI < 4 vanefia
gndliunndrsainnisldarsdaien (ndiferent effect),

FICI > 4 viunefis Augusiu (Antagonistic effect)

3. NANT5IBAZDAUTIINANITIVY

3.1. msmaaquéé’wumﬁL’%Emamfflﬁ'uwau
S2MBR2E7S Agar disc diffusion

MNNSTAREUANNAINIaTe T uMeNsEIE 8
il Aol £ coli O157:H7 §1e3% Agar disc diffusion
wuth frhfuvenszme 5 vdaldun diduvenssmeng
Tulnsewn aglaf 1Wefn uarluugngn anunsadudanis
Wiveswuaiiiold steildiunensymelulinszwnd
UsgAnsnlunisiuide £ coli O157:HT légagaann
gumdlaiiléie 2357 + 021 fiaduns fauandhu Table 1
NANIINAaBIHAeAAGDITU Amor et al. [21] Fewudn

{ v

undunenszielulnsznilgnsauide £ coli 32
19 ag19lsAnuiiinduneusywedn 3 sliadildaiuise
Juda £ coli 0157:H7 19 Ap Turl$e Apnnsefaa way
1ng3W1dUNT 31nN15@N¥I1V89 Thompson et al. [22]
WU UNTUNRBUIZIEADNNTZANTNTATULUATISY
Tnganiy £ coli Tusgauniuin (8.7 + 0.3 fadluns)
@3 Tan et al. [23] #UIMUNTUNBUTLMEADNNTE A9

Lo oo v o W .
gusduLUATissunsuauldsruiulasanizly £ coli
ATCC 25922 uae Pseudomonas aeruginosa ATCC 2785
Tuwue? Biswas et al. [24] wuinansadaainlu$alald

Lo N = .
ANEMULUANLIBUNTNEY AB £ coli Way Salmonella
enteritidis wAANSAULUATLIEUNTNUIN (Bacillus

vy 4

cereus Wag Staphylococcus aureus) MNUBIILUDIAN
wuASaunsuauiilaseas1saniaeasdudaunInnIa
wUATS8LNSUUIN Tnentawadvadwnsuaulsenaunie
Fuudlalnaunau (Peptidoglycan) U1s 9 gnasuseu
menagaatuuen (Outer membrane) FaUsenaunY
a15lungu Lipopolysaccharide [24] vildnv31anisdiu
NIUVDIUITUNBN T LYY LUATLSELNTNAUTIT AN

MuURoN15eaNgVsTIlNureNssmelauInndn [25]
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3.2. MsnaArAaduduatgavasundiuau

¥ @
v v A

sumefigusadouunaiielael435 Rezasurin microtiter
assay

dethihduneuszme 5 viaiilinauinenis
Agar disc diffusion l#r thifuneusyimeng lulvszmn
nrlad Wein uas Tunengn wmemududusigely
ﬂ’lié'fwjy’& E. coli O157:H7 #1835 Rezasurin microtiter
assay Wui1 thiunenszmeia 5 mﬁmﬁqw%(é’usj”’mﬁ

193804 £ coli 0157:H7 19 Tnsinduneuszinely

v ;
< LY o

nsgnuansgnsdudalanngn Id1 MIC windu 1.56
lulasAnsdefiadans drudtuneuszimeng 1efn
nzlad wazluuenga A1 MIC windu 3.12 lulasinsee
$a88n5 fananslu Table 1 donAdostun1sAnwIveg
Amor et al. [21] fiwanslfiiudriifuneuszinglu
Tnsznniquidunisiadaees £ coli 32 16 Tasild MIC
wiriu 1.25 lulpsansdefadans Turazdl Moghaddam
et al. [26] wudwﬁnﬂwamzmamﬂiuimzwwﬁmmm%m
w94 E. coli lenguriu Tpadian MIC windu 9 lulasniuse

a a

f1adans @rUN15ANEIV89 Semeniuc et al. [27] wWuIn

v
° W

dfuneuszmeanlulnssndguifiunisaiyves
E. coli ATCC 25992 leilpedian MIC winiiu 10.80 lulasnu
fofladdns Tangpao et al. [28] lAtaszviarszdnfgy
lulnsgnivesuszinalne 3 anaWus As Tree basil
(Ocimum gratissimum) Sweet basil (O. basilicum var.
thyrsiflorum) wag Lemon basil (O. citriodorum) Wuan
Harsd1Agyndn 3 vlinAe Methyl eugenol, Estragole
(Methyl chavicol) waz Eugenol tnefinuidenaneSeadi
wainsliiiudn Methyl eugenol waz Eugenol dRnasaud

v
LY v

Fudanisiasareswuaiideld [291-032) luvaiedi Stefan

Nea o o

et al. [33] Wnseianseugaunigndrdglululnsem

o

=

3 aneiugluussmalsunde wagnuindiulng Ao
Linalool (38.60-65.38%), Eugenol (3.47-10.20%) w8 ¢
tau-Cadinol (3.47-10.20%) Ahmed et al. [34] wui sy
vowuszmeluluszn (O. basilicum L) 3nUsemad 8UAT
asanfgy Lawn Linalool (31.65%), Estragole (17.37%),
Methyl-cinnamate (15.14%), Bicyclosesquiphellandrene
(6.01%) waz Eucalyptol (4.04%)
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1NN1SANBIVL Van et al. [35] uanslififiuin
AMUUANFIAUYeIAn MIC vosthdumnoussmeaniie
anawfeafufiiuimaasueiainain arewugues
wuaiide annylunisiude omnsideade sliaves

o

8aTne1003 (Emulsifiers) wazivinazalefiuananeiy

uaﬂmﬂﬁmﬁmﬁauLLUaﬂU’%mmmaamqw’éimfnﬁu
newsEud Uiy aeiusvosiiy undsiuflinizdgn
dnuwazgiivszing szosnamafiuifednandn duves
fyildlunisadn n1sadn saudearsazarsiliada
[36]

Table 1 Inhibition zone diameters and minimum inhibitory concentrations (MICs) of essential oils (EOs) against

Escherichia coli O157:HT using agar disc diffusion method and rezasurin microtiter assay

Essential oil Inhibition zone diameter (mm) MIC (uL/mL)
Betel vine EO 16.13 £ 0.21 3.125
Sweet basil leaf EO 2357 +0.21 1.562
Lemongrass EO 15.43 + 0.06 3.125
Anise star EO 9.27 +£0.20 3.125
Kaffir lime leaf EO 13.77 £ 0.25 3.125
Guava leaf EO 0+ 0.00 -
Davana EO 0+ 0.00 -
Cananga EO 0+ 0.00 -

3.3. NMINAFDUANSAIUUUATISEVRIUIRIAE
25 Agar well diffusion
HoNAaaUgVSAULUATIS HYDIUIRY 5 vHATIHIY

n1sluussyiudiudasoide £ coli O157:HT #1835

Agar well diffusion 7ia1uidudu 50 % (vAv) wuda

Y v
< o

Y11 4 vfnandauniadealuyd lawn diienangile

DA v
o = o °

thifsmonmiuny sy tiinenaud wazthisnanniu
ansndudimaaiqmesuaiiGeldlneliuinusudiey
TENIN 34.67 + 0.25 014 36.03 + 0.15 Hadlums AILAA
Tu Table 2 91NNANITNAADILAAIAIINADAAA DI
AM5AN®w8e Pham et al. [37) Auansliifiuitisnen
a1y waznenaudnnUszmaionuuiigrssud £ coli
A uriy (ﬂummLé’umu@uéﬂmw%nm%éﬂa 14 + 1.00
JaduaT wag 13 + 1.00 JadlunTa1ua1au) wazgd
donAdoafuNanITAN¥Ive Chanchao et al. [38] &4
wuthitsaengnlemnududy 50 % (vAv) aansaduds
E. coli ¥ (unaidusinuaudnatsuinududs 337
0.21 faduns) vauedi ELToum and Yagoub [39] wuin

WUHIABNNIURE TUIINUTENAYATUAIULTUTY 50 %

106

(v/v) @unsadiuds E coli ATCC 25922 1élneivuin
durugudnarsunudud 25 Safuns Wuiieatu
3R wes Awan et al. [40] FenuiniianenniunyTu
MnUszmetianumautudaud 20% (vA) @1ase
fuds £ coli I MailgndsuduwvailiFedndainein
am"dizﬂaumanﬁwﬁaﬁﬁﬁéwmammL%’m%uqd (High
osmolarity) ilglasiauesesnlan (Hydrogen peroxide;
H,0,) @15Usznoufuedn (Phenolic compounds)
enandunse sadaslungulnlaaiinea (Phytochemical
compounds) fiflauantsudinisaiyresgduniels
[41] ogslsAinuainnanimaasnandliidiuingiia

v =

Wi Faduyanivaunauin wansgrsdudsldnfiand

YUIALHURNIUAUENANUTIUTUTUNAU 37.87 + 0.22
fadwns I5189uinilayinanusemaili@uauni

'3
<

14 14 . a
immﬂmaﬂwrldm (Leptospermum scoparium) H§Ns

Se

a A & a A o o %X o A
wdunIdgunniluiiawieiisuiviiiviiadu [42]
Wesnniilunyinfiesdussnevvesansngurailiuess
(Flavonoids) Protein defensin-1 waza1susznauiluedn

f3un31 Methyslyoxal (MGO) qm’hﬁﬂﬁyaﬁ"alﬂ 270
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n1sAnwnalnnisvinateuuafitsevss Kim and Kang
[43] Wy U1RYA1 UMF 5+ 8151308030989

Aaa

fi3nves £ coli O157:H7 I \ilosanniiedinalunis
Fudanisadralulefda biofim) Fududunedwes
(Polymer) tieldlunsBamzuazUniloswadues £ coli
O157:H7 N15AN®1BS Bouzo et al. [44] wanaliiiiuan
ihilsunyfvhansussiuiadoulusnou (Proton motive
force) ‘Uutﬁﬁ]ﬁ NLWARUB Y Pseudomonas aeruginosa
llusmouAnnissilvauaziateideruiwadvea
wuailide lurazfinisAnwives AlSayaghi et al. [45]
wudnhisnyfinalunissudinisdunsgilusiu uas

yiMane DNA 984 E. coli

' Yy v b $ o X 4
3.4. minﬂ'm’nuwmmmiém%awmumw

gugaranuaiitsefaeds Rezasurin microtiter assay

' v v
A o o =

Weddiens 5 sflaflikauinainn1sannses

1WosRuaae7d Agar well diffusion 1M%1AIAILLTNTY

v
o

ianluni1sduds £ coli O157:H7 #2835 Rezasurin
microtiter assay WUﬂﬂﬁﬂédﬁgq 5 il ﬁqw%ﬁugﬁﬂﬁ
3 v0 £ coli O157:H7 1¢ TasdiA1 MIC agsening
6.25-25 %(v/v) Aalanalu Table 2 wuin ﬂfﬁquyﬁ'w
wanaISUdslaATiangan MIC Wiy 6.25 % (vv) B
Tnaeedun1s@ne1ved Lin et al. [46] ﬁi%ﬁﬂﬁﬁm’ﬁéﬁ’l
UMF16+ nageuriu ESBL £.coli A MIC Uszunas 6%

(v/V) wazn1sANEIves Sherlock et al. [47] Ailguni

o

WuMmagea Uiy £ coli ATCC 35218 Ty MIC Wiy

v
=

12.5% (v/v) @21 Nolan et al. [48] wuin wiloldvhils
UMAMNSA1 Comvita 5+ Uag Comvita 10+ iU £ coli
1A MIC Lvinu 15% (v/v) LLGiMWﬂI%ﬁ}’]ﬁQ&HHﬁW
Comvita 15+ ffU E.coli 9¢l¥en MIC getuwinifu 21%
(v/v) AMnLuAnAseaAn MIC denaiiissannuSunaans
MGO luthissyfidsuuadlussninanandn wa
svpznalunsiiugnutnila [49] Green et al. [50] 1¢
Wisuifleuuimaasiuuuad Sevosiianydily
Ustinmopainsids wud1 thilsyffiduTimna Mco g
sviivszansnmlunissufuuaiiGeldnnii el
Auduusfunisanatasdl MIC dmdunisduds
E. coli, E. faecalis Waz S. aureus wuuiltiaddgy (P<0.05)
dloeuuszansnmnisdiuds £ coli O157:H7
yaahisnndesmige funuinidanennuniin MiC
mnian 3 wiin Taethianennuniien MIC wihiu 12.5%
(A) vauziihianendile diilenenniunsTu uaziig
AoNausiiA1 MIC tinfufe 25% (wAv) Jantakee and
Tragoolpua [41] la@nwnussuifisuusunuansuseneu
fluodin uazquisiueyyadase (OPPH) luihisweslne
y89 nuinhisnennuriiUinaasUssneuiiuean waz
qwéé’mawa@aizqdﬂ’jWﬁwﬁqmﬂéﬂ,a hilsponvunytu
wazthienenaud wisgnslsAmuiadertansiilailéiing
sensdudauaiiSesiennaouiu Connebacterium sp,

S. aureus W@y P. acnes

Table 2 Inhibition zone diameters and minimum inhibitory concentrations (MICs) of honeys against Escherichia coli

O157:HT7 using agar disc diffusion method and rezasurin microtiter assay

Honey Inhibition zone diameter (mm) MIC (% v/v)
Longan honey 34.67 + 0.25 25
Sunflower honey 34.90 + 0.31 25
Lychee honey 34.87 +0.27 25
Coffee honey 36.03 + 0.15 12.5
Manuka honey 37.87 £ 0.22 6.25
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S o Y

3.5. A15UsZAUNSIEINNEAUVD LT UDY

=1 P v oad e a :
sumenaziiiawazn1snIAnsiYInUsEaNSn T

WevhnswSeuiisuuse@nsamnisguga £ coli

&

O157:H7 framsidtuneussmeifivssiniier wie
tiafessliaien funisldchiuneussmesufuii
Tnemsrauthsfumensymeazsi e fsuna gy
FaussEiu MICMIC/8 111 ¥1n15nsa9d0udae3s
Checkerboard microbroth dilution test wag#1a1 FICI
wuiinsliituneussmengimiuinbs uionsld
dhsfuneusyveldetnsaufuidinansasugndiull
arsannnstéanssiaiien (ndifferent) Turagfidiold
vhifunenszmensladsaufuiiie waznisldvtu
nouszmelunznindaufuiisiuunluadugniiu
(Additive) Ingl¥ian FICI agjsening 0.75-1.00
INN15ANEIYBY Ganjewala [51] uanaliifiu
Wuienfud msliituneussamenylag (Cymbopogon
flexuosus) $aufutiniananiséniigniduds S. aureus
Aoenldnninnisldvfunousyine nietdadies
ag1uied wantsnaasadululuniaderfudunis
Thsumenssmelulnsswsaufuiiisnandile 1
penunz Ty wietisnenaudiduultuasugnitu
wuify fiftsansldhtluinssmsuiuidnonnu
LLaxmﬂ%ﬁwﬁuiuimzwﬁmﬁ’uﬁwﬁqul&r’fﬂm‘ﬁma
La%uqméﬁu (Synergism) Tag 1A FICI 191U 0.5
faanslu Table 3 91 15AN®1Y8e Khalil et al. [52]
wanslifuuiuiinsidinennududu 50060/
sufuansatauniueasnlulvsemingndsiudulunis
Fufauafidonelsatunsuuanuazunsuay dmsy
mi‘wmaaﬁﬁﬂﬂamwaa%maﬂahﬂWiLa%mqwéiamﬁu
voshsuneuszmelulnsznfuihdmenniuil wie
Uraunyfse £ coli O157HT 14 n1s91uunans
sanguaiidrfyluituveussmenazdidetandn
diudneravilinsiunalnnisieusiufunazdiuld

Usgleniiomuauuuaisenelsaluswaala

108

4. uvagy

v
Ay

aieilfunmsinwmavesnslihsiumeuszne
v witedudinisiayves £ coli O157:HT
nnsmaasanuittfunenszmelulnszmaunsa
wsugvdfuthianenniu vievndsyiild Safienna
ihaulafiaviilunedeuiiusueiienelsauiindufiaiu
eldiduansfudensiainmlunismuaunisiuidon

Jaauaiiseluavsiusuinn

5. References

[11 Smith, J.L. and Fratamico, P.M. 2016.
Escherichia coli and other Enterobacteriaceae:
poisoning health
Encyclopedia of Food and Health. 2016: 539-

544,

Food and effects.

[2] Buzby, J.C. and Roberts, T. 2009. The

economics of enteric infections: human
foodborne disease costs. Gastroenterology.
136(6): 1851-1862.

[3] Mengistu, S., Abayneh, E. and Shiferaw, D.
2017. E. coli O157:H7 and Salmonella species:
Public health importance and microbial safety
in beef at selected slaughter houses and retail
shops in eastern Ethiopia. Journal of
Veterinary Science and Technology. 8(5): 1-8.

[4] Hugo, C.J. and Hugo, A. 2015. Current trends in
natural fresh

preservatives  for sausage

products. Trends in Food Science &
Technology. 45(1): 12-23.

[5] Crowe, W., Elliott, C.T. and Green, B.D. 2019. A
review of the in vivo evidence investigating the
role of nitrite exposure from processed meat
consumption in the development of colorectal

cancer. Nutrients. 11(11): 1-17.



a

NIATIemansuazmalulad unnInenduguasivsntl UN 25 atud 3 weuiuengu-Suiau 2566

Table 3 Minimum inhibitory concentrations (MICs) and fractional inhibitory concentrations (FICs) of essential oils (EOs)

and honeys when used individually and in combination

Antibacterial Mic FIC
Interpretation
agent Individual Combination Individual FICI
Betel vine EO 3.125 3.125 1
2 Indifferent
Longan honey 25 25 1
Betel vine EO 3.125 3.125 1
2 Indifferent
Sunflower honey 25 25 1
Betel vine EO 3.125 3.125 1
2 Indifferent
Lychee honey 25 25 1
Betel vine EO 3.125 3.125 1
2 Indifferent
Coffee honey 12.5 12.5 1
Betel vine EO 3.125 3.125 1
2 Indifferent
Manuka honey 6.25 6.25 1
Lemongrass EO 3.125 1.562 0.5
1 Additive
Longan honey 25 12.5 0.5
Lemongrass EO 3.125 0.781 0.25
0.75 Additive
Sunflower honey 25 12.5 0.5
Lemongrass EO 3.125 0.781 0.25
0.75 Additive
Lychee honey 25 12.5 0.5
Lemongrass EO 3.125 1.562 0.5
1 Additive
Coffee honey 12.5 6.25 0.5
Lemongrass EO 3.125 1.562 0.5
1 Additive
Manuka honey 6.25 3.125 0.5
Sweet basil leaf EO 1.562 0.39 0.25
0.75 Additive
Longan honey 25 12.5 0.5
Sweet basil leaf EO 1.562 0.39 0.25
0.75 Additive
Sunflower honey 25 12.5 0.5
Sweet basil leaf EO 1.562 0.39 0.25
0.75 Additive
Lychee honey 25 12.5 0.5
Sweet basil leaf EO 1.562 0.39 0.25
0.5 Synergism
Coffee honey 12.5 3.125 0.25
Sweet basil leaf EO 1.562 0.39 0.25
0.5 Synergism
Manuka honey 6.25 1.562 0.25
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Table 3 Minimum inhibitory concentrations (MICs) and fractional inhibitory concentrations (FICs) of essential oils (EOs)

and honeys when used individually and in combination (continued)

Antibacterial MIC FIC
Interpretation

agent Individual Combination Individual FICI
Anise star EO 3.125 3.125 1

2 Indifferent
Longan honey 25 25 1
Anise star EO 3.125 3.125 1

2 Indifferent
Sunflower honey 25 25 1
Anise star EO 3.125 3.125 1

2 Indifferent
Lychee honey 25 25 1
Anise star EO 3.125 3.125 1

2 Indifferent
Coffee honey 12.5 12.5 1
Anise star EO 3.125 3.125 1

2 Indifferent
Manuka honey 6.25 6.25 1
Kaffir lime leaf EO 3.125 1.562 0.5

1 Additive
Longan honey 25 12.5 0.5
Kaffir lime leaf EO 3.125 1.562 0.5

1 Additive
Sunflower honey 25 12.5 0.5
Kaffir lime leaf EO 3.125 1.562 0.5

1 Additive
Lychee honey 25 12.5 0.5
Kaffir lime leaf EO 3.125 0.781 0.5

0.75 Additive
Coffee honey 12.5 6.25 0.25
Kaffir lime leaf EO 3.125 0.781 0.5
0.75 Additive

Manuka honey 6.25 3.125 0.25

FIC (Individual) = FIC of essential oil or FIC of honey
FICI = FIC of essential oil + FIC of honey
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