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Nanoemulsification of Syzygium aromaticum essential oil; Preparation,
optimization, and study of its antibacterial activity against some

gastrointestinal poisoning bacteria
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Abstract. The aim of the present work was to make a stable nanoemulsion containing clove (Syzygium aromaticum) essential oil
(PCLO) and evaluate its antimicrobial activity. The effect of the preparation technique, the type of surfactant, and the ratio of surfactant
to oil was evaluated to optimize the preparation formula of oil-in-water nanoemulsion. The dispersity index (PDI) and average size
distribution of nanoemulsions of the optimized formulation were measured using dynamic light scattering (DLS). The optimized formula
prepared by low energy production method, containing 4% w/w PCLO and 12% w/w mixed surfactant (SDS + Tween 80), produced a
clear and stable nanoemulsion for 90 days with an average particle diameter below 150 nm. The antibacterial activity of pure PCLO and
its nanoemulsions (NCLO) was investigated by disk diffusion, agar well, and broth methods in three indicator bacteria of gastrointestinal
infections, Escherichia coli, Staphylococcus aureus, and Salmonella typhimurium. Minimum inhibitory concentration (MIC) and
bacteriocidal concentration (MBC) as well as dynamic killing time, were determined in the tested bacteria. Strong antibacterial activity
of PCLO and NCLO was revealed in the concentration range of 1000-2000 ppm. The killing kinetics study showed that during the first
15 minutes of exposure to NCLO at the MIC concentration, there was a rapid and extensive reduction in the number of viable
microorganisms. The presented data, considering the optimal performance of antimicrobial substances in food, cosmetics, and chemical
industries, can help in the rational design of nanoemulsion-based essential oil delivery systems.

Key words: Nanoemulsion; Antibacterial activity; Syzygium aromaticum; Nano encapsulation

Revised 08.02.20247 Accepted 07.06.2024] Published18.06.2024 YT/ SN F YN A e 1V F-YN <1V ok VY-8V b0

33/


mailto:A.Mohammadi@alzahra.ac.ir
mailto:A.Mohammadi@alzahra.ac.ir

Nova Biologica Reperta 11(1): 33-47 (2024)

.(Mohammadi et al., 2020) sg—5 e ;55 )5S
SO Wilgi co bygndgalgil aile Lo >l L (gudslS
il JS e ol o ade gl ee g 0l 5 5,0,
(Chuesiang et al., sz o4 calizes slalae
2019a; Mazarei and Rafati, 2019)

l_g ouoé‘b&.ﬂ:ﬁ~ ‘52.59) g.)b.‘dﬁ &5[} aS 6&..3515
‘5_3—‘ 3L SO jo as a3 5B leie 4 placid sl
A:ﬁ_....u‘s_.a od_..f‘): @)L" )I._S u‘g_,..cd._: 4..\_....:5.4..;
elgsl 51 o LT (McClements and Jafari, 2018)
a5 B yiegil Yoo g lhad o5lail b e gud ol
Lot (2S00 lgaal 5 e 5 (S Olsre
gt o a3l EOS 13,5 algunsS 13 souiels Jli!
&l Y game 5l (gl oo 13zl b (g 3algil
(Chuesiang et al., 2018)

9 85l oS s 93 4 g galyili and slo b,
0Pl colee 5 blie plaS y2 45 Aigh (oo el (5551
PLE 55 S adgs slahs) ol cnl jo i ls 1) 09>
S5 Loty dm Comnd (65 SzsS lihad agi 4
S>55 o5lwsl Jds 4 (Shahabi et al., 2017) s
sl Gezmen el )l 5o b g galy Se ar S
5 peal Wlgwl plesl " as pddas o gjlwassd ol
2lgs e Sy ol (LU et al., 2018) aiva 5l
ol EOs ) Cmdlad g 0l S0 58 6 lanl
Sy ol dad b anslie o Sadgl g oldé DY game
Olsme an |y Lesl 5 i o5u Jgane sl gendsal )
Shelse Olgie 4 (a9l 9 2lde mlio jo Jle waill S
98 oo Jlsd e SlaS 5 5 550 Jmsm sl

¥ Creaming
¥ Sedimentation

34/vf

OF Y)Y FV-YF 1) o)lad V) alo o ey psle ) s sboazil

slo bl aile ordo 0lge B pas 4y (s0b 5 Az g5 059
=95 s ely 3 slls a5 cnl sas (EOS) als
biwgs g s 008 9 g ng dag B o iSL plp 5o
0wl 8,90 305 (FDA) susie <YLl gg,ls ¢ 136 ool
o=! = (Mohammadi et al., 2016) ssloas &8l
5 EOS 5,8 s &l (6 b Slalllan Lol

33 158 len LeanlElg Sen ply o 1, LT 8 SloS 5
(Shahabi sl I, oy Syse AEile;l Ll
etal., 2017)

(PCLO) S5 oS 5 Jol> sl uilool casen ol jo
oolgl s ayy 3lxie a5 Syzygium aromaticum oL L
0ds a8ly e dbize 495 0,90 L w2l Myrtaceae
as g ST il e ol lyls PCLO el
Sl 039 ik slo )8 5 s (5 S ade o, Se
2t dilize mlio jo ol eolitul 4 pie ol uon a5
(Cortés-Rojas et al., 2014) culoas s)lsg
ale (b SloS 5 gl ls ol wlis 5l (S Sue
Sl (SBgr (S 5,008 slaveal daa3gieds
sl gy e (S g0 g Semin (o059 000
S Sl St gy Js S5 (5 el sl
T bl e (Fsliie (gl el o] 6l
ol Wb paizmed g Gl 08 (2L SL sl (SlarusST
Shea coslag olojle v oole cpl sl oo 3,155
o520 (GRAS) oyl SLlS 03le 5 lsie & (WHO)
sl JL> ol b (Pandey et al., 2024) ol suss
5 2lé sla piasw yo o 5leslawl Lo EO L
305 Sl g Vb e 18 s 4 el (6l Y pame
o (Mazarei and Rafati, 2019) coul sgame o
S 2y an g o ol Jlb ey LS 5 as
5 )i g5 gl doyS PH wiile ame Jalse 53T

' Essential oil



Asgari et al. Nanoemulsification of Syzygium

(MHB) &l eiin - Jo o Jolts coisS lame o
Losg oot as,e WTMHA s (NA) ST e 5y
50 ool 3590 oleowds Slgo coled .o (LT Merck

80 Sygo 4y g o0y Ldow Lo gl Lols dslllas
28,8 18 solawl 5,90

Oga 9ol g3l Aned
,o Anton & Vandamme g, Lol - NCLO
> L {(Anton and Vandamme, 2009) v- -4
Jold) Lo bS89 5l (bgloe Lo g (S5 DS
i LPCLO «SDS 4 Tween 80 L Tween 20
bS5 (35 Bl Slo S 5 (oo aliSe gl
TN 4 O 5B b 4 ojins ol 5 SOR) e, 4
bol) ol 56 hyls (aids ;5 j90 Vev 3592 (00 &
Ve Sae do eSSy L WS o5 0gigns o g SiliSE g
Y Sae 4 (090 00 Sek adds 15 g0 Ve
g5 dtd Sl o () Ggemdsal S B 0d 005381 el
S92 )9S olitws jleslitul bl (ygrdgolgil
35,85 LS Ve sga> uilS 3 L (wdsw Dattwil MPI)
Vo Do an (Slg YO+) 29,5 oly Q)0 Ve jiSTas

PR FICR

by gl gl (ol
lydad wgie ojladil g e o (PDI) (Sassl, jasls
Sl o5z ol L s 33 5l ey Lopygend salsil
9 SaST sl 5l eslazal b (SasST, @l il 5l 6 S el
(Zetasizer NanoZS, o_: s ,~5e;lasl (DLS) Lo
,L .Malvern Instruments Ltd, Malvern, UK)
S=Soslaslolfiws (lea LU Jowily jlaie g (oela
2 e i b LaNCLO Sk onl pogdle 0l
= sl gl (6 e laalin g ol 8 Sl
Glod ;090 o) slaje,y yo ad slasls b 51 g5lulos

S gl,l @bl
b SLws gleddls 2U))
BT Saly o

35/Y0

Syzygium aromaticum  ulul & eeslSeiad solgil .o Son 5 (5 e
aromaticum

o5 oly— L 51 (Chuesiang et al., 2019b)
SleS 5 L Osedselsil Jnsod slopimw (029,500
oo o dld s By b an T s ous susleS
geS ol Glapinn L aslio o ) 093 59,0
bl auly oo ol lalu s ases e i3l
A bpslE g S a5 ablio o 1) Jlad ey OloS 5
(Lu et al., oes Lilysl sl sgmg Jloas! jobo

2018)
950t b (59, Dlllas | Sl
= ol alize lo gy b oad adgi (sba g galsil
(Agarwal et al., s LesT ags slapg, b conitins

2017; Chuesiang et al., 2019b; Moghimi et
o alosil o Glaal b asdlas ol ol by al., 2018)
PCLO  sdsalgil angs (sl dine Lol (om0 (1)
4 055 4 355 (3l gmalsal jl eolizl L (NCLO)
Al glo LoliSE g SeS L (65, o5 by, ST plgie

e NCLO 5, 0o codlad g olss oy (V) 5
I p ;0 (PCLO) Lalls PCLO L T i lie g oo

28 slagssl

é‘,.o

S b 5l addllas ol jo solawl 5,50 (1AA) SO il
Q] LTD"S duﬂ‘)b el 00 4.4‘.; (u‘)—l‘) 5)‘0 g,u.».'a
3l et (Plo> 5 osls (e g oSS alls wile
\./_»S)JO‘)_A.QL;JKJJ)QMM‘BpH stu)JA.lA}
;1o e PCLO lbon—i OS5 cul oo ools
viss) B-Caryophyllene «(o—s s A#IY$) Jo—ssl
598 9 (a—e,s V/YF) Eugenyle Acetate (oo o
Sz oS S

ca—w) Sigma-Aldrich cs,— 51 (Tween 20/80)
20 Xad (6l B (LSS el sasie VLI MO syl

ool o).us_:o u] )‘ Lbu}‘.u..b.o‘ 9 Lszlm GALM 4...@)



Nova Biologica Reperta 11(1): 33-47 (2024)

S 559 S8z ODC wises 5,5 J&z :ODs
O Sealz o e cble 538 s e 4 MIC
Gl ol s 9l oSSl el VY 5l ey g8
ay oty G el 5l 25 See e - MBC (s
il a3 YO slas jo i SO g 0 Jae MHA
38 diiges clale o xS lgie 4o MBC o aygSSl ol 5
sanlie ] ;0 comanaslE g ,So 0y a5 0 oS Sal>
(Mohammadi et ws plxil )55 aw ,0 oyg05] ,o i

.al., 2020)

gy oS Gloj hmiw

Sa—Sopl Sy g (S dS Ol Sl (o 2 (6l
sS.aureus E.coli slacs sSU 5, 0 oysmdselsil
b e ol ialaladgl Y 40 S, typhimurium
S ild Jylma 5 5 dyolsil 5o s MHB
D008 mails (CFUMI Y 7 = (515) azelos YE (6 550
SFSL Gsrmilmsa 5 SeaS dagsme (g3l 5 J S Ay
Lol )8 il az 0 YV jo badlg) e 0l a8 5 L5 (o
Sloy loalold )0 5 a0l 4,55l azds (o 90 VO g0
Laads) 5l alaS o 5l cael YF 5 VY A LY io el
MHA (5lo ol jo 5 ploml 55lecd) 5 (sl pnaises
a0 VY Gl o Lol 5o G ol oolo ciS
Oelilan 5 00058 )5 4SSl el YT oo 4 ol 5 il
g 900,5 oylad o) sbo s S sl ol eSSl o
OGS pley Ghame D90 4 5L She ooy (e
(Vosoughian et al., o s e, (Lg) Seelis
2023)

dlie g ad)l G uibyly Jelowi b (s lel ko 5 4520
Sl s 55 (S5 ogejl 5l ool L oy Siles
bl Jlisla s sl oslaiwl Ly (D < +/-0) +/+0 Jols
GraphPad )#,-Y ax__.s .GraphPad Prism
slsal (Software, Inc., San Diego, CA, USA

7 Dynamic Time- Kill Assays

36/v'#

OF Y)Y FV-YF 1) o)lad V) alo o ey psle ) s sboazil

4 Staphylococcus aureus <Escherichia coli sLa
LSBT Lesl e, b lal jo Salmonella typhimurium
o9y o=l e ((Vosoughian et al., 2023) us plox!
LMHA L 655 pasls lodygm 5l dg)Sea ) - -
4 ,L5T sla Sal> .o 4S5l CFU/ML V-0 JIK>
oSl i Ryl 5 Gosb 59y 2 e koo Ve ka8
YO el sla cbale o s asle (PD) sos
250 e See Ve jlade 4y 5 ags les (OPM ¥ -
YE Soe 4 La oS Lasws o 03 00l 8 Sal>
g odoline (5 lpe ddlaie .aiud @SSl dige slood jo el

W LS5 b ialegT i 6,5 o5l

M55 3 (MIC) 00iis o cdile JBlos (pnss
(MBC)
FMIC) oass sl cdale JBlas> () b ,xSbas coled
55us e L OMBC) a5 5 55U clale Jolas 4
Ao dawgi oo 4 0gs F(BDT) &l o —sbils
SLRcd) Gy b s (2tlejl g (Sl o il
L5 VYO oogame ;o (—inlosl o adgalsil 5l 6 ,mly g0
Slps NUNey asls- a8 e by S o ppmM f- - -
095 boads sty Sl giind Joo bosd 5 (S Lesls
o0 le x50 PH 0/1%) o g5 (CAMHB)
sga> ,0 Le 6,551 adgl slaws L wiocs pdls Sal>
L b Sal> Sbgime .l coway V& Y XV 6 CFU/MI
4585l ol , 5 il 4z 0 YO sbes jo g gl yols S
55ue 3l eoliwl b Sal> ,a (OD) 5,5 JE> diois
Jsb 8 (e JTECAN M200 Proy oo, culs
b g S ojlil el ¥ ye (OD600) yiogil £+ ¢ g0
(1) adolae U golbas Lo jles ol 551w cudlad ol
:(Mohammadi et al., 2020) o.i aculxe

cJls = (ODc-ODs)/ODs  x 100 - )

(1) bySbas

¥ Minimum inhibitory concentration (MIC)
® Minimum Bactericidal Concentration (MBC)
* Broth microdilution test



Asgari et al. Nanoemulsification of Syzygium

5o el glal SO He) al s Lud Lele qlls
Eldl e ol Syl i5n 5 ez HlSle b avlis

99,9 ‘(Y‘ . ) L)‘)l_io.m 9 &"5 ass 4 el Ao k).»jy 3o
St Sl CliSE g 5 Sl i 50 4ilf e wigy S,
05 o yilanly g iSze S l)dgls adgi A ;e

(Wang et al., 2009)
SDS 5 A+ css ColiSs,gm jlode ;b o ipe ol o
cdl o ald e i La NCLO Gl o LSCas
g e la S5 5 golamdl flue s 4 (JT oo,
Og 45 Widgy Hla 990 SSlSE gm jlade (S Ll
G i L]y ol jo s el 5B gslulas
VIV /¥ et ccbale LPCLO ) i oygmndgelyil
VIV 170 7. SDS (aJgl oladllas (bl 5 odis ()
G Lise slades ;5 A sl 5 ColiSh gmsS Hleis 4

el 0dwel J}A}; e IR

Syzygium aromaticum  ulul & eeslSeiad solgil .o Son 5 (5 e
aromaticum

REIIBLES
‘)_D) o eolaz_ul LS))—" pj ;.\.Jy ws) )I M u.!‘ 5o
&8 L Oardgslol s sl ool Lo 5 @ o (59
Ads b, oyl sl Sz sS llad o5lail 5 K o5l
osally al3dl L 51 (ably Lalie (Il ol 2 ogdle
Sl oxrbid 1t (oloE 5 (gmVee b DS (o
sst> sLaNCLO lawl (Chuesiang et al., 2018)
> )0 ez 59 VY s(PCLO) =g, B Y
olendly (559w y0 5 SilSE 9w Dlgre 4 Vo IA (S
‘_g)l_w u}a_mjﬁ.ﬂ‘ L)"5) )‘ ool l_> (o).».tyé UT) L?J )l.e
w59 99 mmr 45 ol lid bl Lol Al 093> 4y 045
LA o Ly oot sl gla (ygendsolsil Y+ g A-
Aogs 10,95 0 (6 ool cudlad Sl gglune clalé
Yo e 5l oocd aisls gle (ygeadselsil ol opdle
LS 59 Sjgo dr Cald 53 5 00l 508 adds i Sl
Ao e L oas aidlw sl ygd golgil Lol siowl,yo

Ao Ses 4 0l (g Sa el cnl bl o S5 (g s

1 NCLO ()b 5 JSzs » SDS 3 A+ gy cilisd g fime b -1 Jgur
Table 1. The effect of Tween 80 surfactant and SDS on the formation and stability of NCLOs

Sl Sl S5, SDS(V/V%) ?\;/\i’;’; PCLO(V/V%) Oy 9o gol g
JRVNE ey - ¥ f \
JRVNE ey - A f \f
St olas - VY \ ¥
Sl Slad - \# ¥ ¥
Sl Slad AN ¥ ¥ b
JRVNE olas A A \ 2

sl olas A VY f \

sl olas A \$ f A

37/vY



Nova Biologica Reperta 11(1): 33-47 (2024)

OFF) FY-YY ) o)leds VY ale (o) pole )0 (g sloasily

oy gad 9ol gl (olgs
iy Kl o0 45 Censl (glsl 5 oten (SRy So Syl
Ol ST s o 21 50 ) laggedgalail S5
Lo adlas jo cewl g bygendgalgll SIS olail s
a A onSes 5l eolaiwl b oot ags sla NCLO 51 Z .55l
5 ol (7 JS2) 0b e gl 100 23;SDS o e
L oS ologsmdgelsil sl 1) olive bt (V1Y) oo
SR St CiliSE e SOl eolaul bog5 5l o (o)
o3lasl Lol a0 gl Caws 4y il oals dlge 3 (Ve b ygu
(Shahabi et al., sas o las ) segili Yoo 5l a8 o,kad
(YY) e g so5 dawy 5,508 i o . 2017)
PCLO (1:1 VIV) Sl sl 0,5 Lglse L NCLO
5 A ot sl oells Jlay Jsbre 035 Ll e
aS wsoly oyl Ll ol s ,98agul gl olBiws b gl 1
(Yazdi et al., col gt A- £Y NCLO &l laé o5l
Jhs pals (Vo) e) o Ses 5 Silse awis 4 . 2020)
laels g goad RalS 50 Wil (oo o (gradgalyil yo D las
Slo oS g 5l oolitul b ol oo pimrad Al Fge b
35 SrSslr oad lasls g e oy e 5l el
&ykas adgl o5lail e asllas 4o (Mendes et al., 2018)
ssbas CiliSdyswsS lsieas SDS j5a> 0 NCLO
Slge wmspo lid a5 g o Sl 5Sa S ax g bl
3515 Lo gl golsils ST 8 (5 i o S 5055
5 oolatal boosds LSis slo gedgalgil o PDI polis
sasas ylis 4 g +/YY s50> SDS § Tween 80 s s
4 p5¥ 2wl PCLO (y5adsalsil (sl Jsud LB (a5 ol
oaims Las (1Y 5l 2S>5) PDI S g8 lie a5 cunl 53
o 50 EOS @b o5lasl 5 SGoL g390 b mye8 (51980
axs aiges ,0 a5 (Yazgan et al., 2019) el o piacws
e 4 03 odalie SDS g tween 80 oS5 L sus
2ol UL NCLO axwgs (Y1) o)) 5 oo sy
(Shahabi et al., ws,;s 3,155 1, «/Y 550> ,o PDI
2017)
g g e <716 Ll NCLOG b3 o Ll L
Cel Wil oo e (haw b ol sz ge Sledbl Ll
oo abaly pl s el SIS SI5T (Sabiol SUI assls
PR (V) ) Ken 5 WS, HES,T 5 (VIA) ol S
Jels @ Spbes -Fe 05 € Joniley b SS o los S
21w SslS 6l el b e Sebisls Sl asils
45 (Artiga-Artigas et al., 2017; Mendes et al., 2018)

slacas § ladliSs gw 45 a5 ols las ool Cowdd =
Syloml g K5, w90 0 gl slsul el o] calise
TA % 5loaal cows 4 lNCLO 545 oo oy g ol g5l
onl podle i, oo A5 4 (Mnhw) Sle Ae pSes Laid VIV
Sl Jlo e 53 9 A+ d95) CibiSEgm cilale (il L
Sals Sl oy gundgolgil @ y508 PCLO clale (piloass
sl |y 15l e an 55 SDS coliss g wsS 09531 sl
TVY Glbamms cansl 00l 035 yLis V Jgaz 4o a5 sbiylan
LAs oo TA 5 I izmam 5 aleis 4 A oy SIVIV
ol o o Gl elayedgelgil ods 4y e SDS
sbos ;5 518 ilolaz (J5as 1 (g alolidl by gl
iy clale ity L yry ol b b ualie Lus
Seb Ar g 3L slaclale o CSlSE S (1993 9 A
TNE a8 ol las bt el oud by s solgil Jals codliss
LA b9 18 g 1Y oz g olois 4 Ae ces 5IVIV
ol 00 Blas alS sl solsil oss s e SDS
Sy o o plias 1y oo aigy sl sl goleil ol VS
Colind ol o dgs e galsil 90 ¢ LeaSs Slallas
Vooless aS A oV ojleds o bl sl S5 syl

0,5 QLG A e 5l S eolaswl o 4

Ao g 3 oslizial L ot algs Sn (slapandsalyl 1 5 =) JSCb
o b g gl K5 po gl el S SDS L S 5 5 ol @
ol

Figure 1. Some clove nanoemulsions produced using
Tween 80 alone and combined with SDS caused
differences in appearance color and stability.
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spontaneous method with Tween 80 and 20 surfactants (A) Tween 80 and SDS combination (B).
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Table 2. Agar well diffusion test results using clove essential oil,
related nanoemulsion and control.
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Table 3. MIC and MBC results of clove essential oil and corresponding hanoemulsion

against three bacteria
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Figure 4. Results of inhibition percentage related to clove essential oil and its nanoemulsion compounds on
Salmonella typhi bacteria.
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Figure 5. Results of inhibition percentage related to clove essential oil and its nanoemulsion compounds on E.coli.
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Figure 6. Results of inhibition percentage related to clove essential oil and its nanoemulsion compounds on
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Figure 7. Escherichia coli 0.0001 dilution death curve in MHB broth medium in treatment with clove
nanoemulsion. The growth of bacteria is completely stopped compared to the control chart.
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Figure 8. S.aureus 0.0001 dilution death curve in MHB broth medium in treatment with clove nanoemulsion. The
growth of bacteria is completely stopped compared to the control chart.
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Figure 9. Salmonella Typhimurium 0.0001 dilution death curve in MHB broth medium in treatment with clove
nanoemulsion. The growth of bacteria is completely stopped compared to the control chart.
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