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+ -Dynamic light scattering
1- Transmission Electron Microscopy

L g, 9 9lse

830 50 ol Jold Oid 953 Ol Ho suldial by e ol ge
22 52 95 22,8 (sl Ol sl MY JlKae
b P st elSB e (GladT leSi) @53 B2 55
L) (A s ) olilslsio ol s Gl s
cb) GBS sanl 5 S o) B2, slaguilad (Gl
SlislesT alos) sga biasdt ol yo 0l (SLEIS 55l
sl peslh s b ol Spe eSHa el
YRR

Wiga)sugd wugd gy @ gl gel il gl
(555

sLpolad VY coand gola o sol 9U - aleunes
G odela A8, 5B Lo GBSt e ) e
050 Osed el Gusadaa JSAS 5 50aS Ghs
slagulil (a2 55 518 o k8 skl Gu S Wlal b T o
ClSB, guu olsen 4y (B sadd 5 Srwre ) S
4 oS, g caed 5 (A Gns) Pt Jsoua
a5 o508 OF (590 2 700 43l 53 (SER) () saend 5ol
O Sl ssliial ale (VWAL G,Kaa 5 (Siady) wo S
Ol 5ol 50wl 55 5 ALK sew ago (38 Jds 4 A
SN @b able Bhyme 4 5l (gusausa (i ©
oS g YL oble ok 3l el oSG s
mo eboia 155 il oo S gane 18 (S
oS e gls (Paasne lAcOlSE, e Jy sl
5 ol cunlis i (55368 Gloae 4 Al (53
~oo8le wlilglgise (bassw) Laas glaial o
LS silsla i) US1 S lisla ) (olially 55 5o
sl gy (LG kel 5 Lagm 53) (L se

SB 5 ulie (S5 saalie Ml ey sad 50l 51 g5 (515
Sued) A Gms Peose oSl 5 Sl
bslae sSuS b VOY(SER) (& saead gol 4 cidliSU 5 s
ookl Coge © oy T G Jeals bglie Gur

* - surfactant to emulsion



O (a3 S ) 4 0dBAg b ged —mwen (iEgy S milel sl il pelgil a1l g (olend S5 Sla Shy (s

Stal T
= (Inc SPSS 16 Windows, ) (s 5Lel 51 38la 5351 suliie

L LaSile aenlBe 5 (p<0.05 Jas yu 0 Jlaial mhacs
9 b alsdl (Sly (glatels win Oses) ) salaial

i aay EXCll 2016 L1330 a5 Lacu 55 Ll g

S g b

S9ls (gaeal 9ol gils sl o313l an g3 g o3l
2 9y ol

590 Ss so @lhal aslail s 65 g o510l 4 b g3 5o i
sxll S uly oLy cdule)l sladisas s 51 Gu
sl oulel slaslas olss 5o gud s ks
s AlES mos b oot sl olbhd Hld el
OB sad 44 Sase 5 Vi) e g5l a0 (Table 1)
e sk (Sl Ol AVY e Jola 255 b
205 b /WYY (Susly peala 5 53 5B AE/AA
Olsie &5 9 ohhld (Suly 5l Al s 5 bl
S Gulie 5o ollas a5l I8 51 dags (s 5058
ey cmad ol Gl (b e B ad olal

slaly) ad e (oS Bl da 50 Y0) Lauas slos
(YN oK

53 dausiliy

“plews age sla (S 5 € ) Jausiliy (a5l
slSiuus Sl saliinal b o8 g8 b widly oo 50555 sla
=V/€ 5o B Jaeailly (558 s)la) .ok (5,86 5l050 DLS
Ak aladl oy VEQ Gl 5 Yo °C sles Lo 5 pH
(Y0¥ Spoleasisl 5 a5

&, 938 Ol e

i 518 551l 68y B suliiul b o 908 (558 51l
v zoe Job La(Phillerscientific Jus) (S se—so 98
O SaBiae slacble 5 alasl gl ad alad) jie 00
Ol pupes 5 alBLI AL G 88 (S g e OlSB s
GLable caa 5 s Guped pel BB Ggad oS
Obea 5 smbo) wd pusn A Gus oplite
(YoAY

(aes] ST ol 93

5o slgwlal Sluasl ol cullad b)) 6l
i3 58 5 S 0 S s Ll S 855 5 B3 s
el K Ste G Gures 5 ad s5lwsoleT /A 5l b
Voog e 1pM,e0 b 5508 50l 5l aay 5 o 80508
U a S Sae Vev oo Saw wlla o (38 S )8 ady
S ans s €53 DPPH Jylas b 15 Jlanial LI pibis
WV 5 T i lime (S, 5 BT sles Lo (5,16
5153 033 DPPH Jglas J5S @5 gad it 813 e il
0508 il ¢y gl 5ol S0 SasnaSI BT callas b5
SV i Gupes 5 sad bslas w5355 L aiube]
o sad s JA Jple b Jlanial 58,5, 50
alas) sael consas (Joilio 36 555 5 dale bl
50 L lal G sas (sl 5ol 30 SIS € a0
(VTN GSan 5 allh Y14 o,lSan 5 K3 g0) ass
Vdalas

JS) /(a6 gaimoda J538) = o1 JISal; Hlge s 5

ARREI(CRES



Voo Jo /Y ojless ¥ ala / plie mlio sla yimghy & i

w5 o3bliios (i cooblanw odlpde VOF

aal g5 3 s (5 yladss J ol 59, o9 seiala 3T &l had 0 lull 2388 go)wl-Y Joua
Table 1- Size and distribution of sample droplets on the first day of storage after production

sample

Particle scattering index Particle size (nanometer)

Nanomulsion with Migliol 812 carrier oil

Nanoemulsion with corn oil
Nanoemulsion with sesame oil

0.232 84.98
0.468 241.35
0.282 150.66

(A) Size distribution by volume
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(B) Size distribution by volume
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Figure 1- particle size one day after production of NE formulation based on ratio of surfactant to emulsion of 15%
using Tween 80 (non-ionic surfactant) and oil phase which (A is Migliol 812, B is corn oil and C is sesame oil)
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Figure 2- Image of transverse electron microscopy (TEM) of optimal nanomulsion
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Table2- Sustainability of optimal nanoemulsions droplet sizes over a 60-day shelf life

Day Multiplicity Index Particle size (nanometer)

Zeta potential (mv)

1 0.232
15 0.234
30 0.235
60 0.230

84.98
88
91.53
99.14

-5.30
-5.28
-5.12
-4.96

s wdl K 3 S Sl sl @l
ol Ho g aalgd o/ 0em TSl SIS G sl gl 36
5 soliieal gl cacalin 5 ik 5 sacad 5ol 56 45 g3
OlEas 5 LaSy) se salsa Sla slaSadis
(yray

Lasals Guilyly SbT 5 Jeols il © 425 b
IS @ o saSlyy 5B GBI L ad el
sinbel] glamdisa SosS Glhae o sl 5l S0
oSy U ookl s3lal 4 1) S e luy Ghal33l
Geob Ol Ooed 5ol 5L 0598 das 5o 5 4y Gl 53
St s i Sanl dhiwy 5 Fo8 Lo oS ol
(VN lolSan 5 e S) wby o il

cble 50 L ogads glag s sl 5B oS
siauyLid B ad ey 5 oSeslul e g,
an S Ol e ool abile (LalS 5 il 581 L aS s o)
@B ) S updipe 25 LRI Hlas s 4 Gare
Sloapa (\WAE) OhlSea o (Sahy Ghash o b
plasl (a5 5 ola i b ol Gl Gaigea o)l
dasl, 5806 @ o< (V1Y) Siala o Ty, b sud
sty oda sae s LG sad el 53U @l k3 s 65l
O oo Alide slacans sl 1) e 518 553 aul 5wl
ol S saan o saad g0l 530wl 93 50 sud suldiiul saul
Ggad &,y eaS lhae el Giulydl booly Glas w908
o AS MY Yo Jola 0255 b (5 sl 530
o5 Ol 4 da s b e s (Y JSE) sl
o0 olie SSla 15 oo (bR 5, (gl s 4
SN Js8 w8l Pandi g Jpane Ko 4 Gl 0 S
Sobio 05 anlas sy (Sloas 2598 Gl 0 S
ssa dadls OloKaa

BE (Y~\V)

[CNP IS

53 dausiliy
1557 o Ol €Sl (S L gyl Sk pla
LY Cin sbla G b s ookl sa 31 cuale 31 b
@l el sty ol 5 asl S ol s
wadls glag,n uSlae sl Ol oo B Jawsly
Oloee 5 Oumalsel b Sl Ga SOl 5 )
bl dsk o L Perdsel 5B alenns ol
soSeolal ) Jols mlB oS pwnn LIS
358 51 G dd S0 0 e el 9ol U B Jaesily
i Saort cmabe G e B L S ug —ofY wae
9 ol dan 8 18 3a8aT 0 sulaiil o) ge caliSL ) g
5 ookl ush cale Jils 4 Ylaial oo Sl ol
(IS pled mae (b e il o oligias
S8l Gl 5 wle el ¢ e gol 9L B Jeesly
Skl csa (i ol s anl <ol glas
(Y Jan) sl s wl 55 dhgs O e 50l 535

S99 () 3e 6 528 05l

Shosaliinl o Sse laysSE n 5 age O S
Ase gledl ol A2 Gl suisl sla Jola b
Olome (pruoos ol sla Jandish po sads 5 (pli2
seolie Bl @08 fuaal gl o) Jola 56 oS
biae Hu ssage oyl bag sad iy L8
Jolse © oS Glhe ad suliin) (Sneilics g
205 le HB 5o s en 5o &3 o310 G gaen Al
DolSa) oy @l amlyd caale slass walyd s5lul
5 i) ol (S Sareilin ges as o ol 5l
S S Ll e Bla @l (YA LKes
ofoem 751 S ) sl 5ol 56 =5 908 Wl ) sl sl
Oxiaad 9 el A ) wlld jlad Sl sl wab



WU (o LS ) 4 0dBAg b ged —mwen gy milel gl il pelgil a1l g (olesd S5 sla Shy (s

5355 5l 55 (V1) 5Ky 13 oo Sk 50

olal38) (e 5, olile (il L La ¢ s pal 56 o 58

kg

a

0.9 ~
0.8 1
0.7 1
0.6 1
0.5
0.4 4
0.3 1
0.2 1
0.1 1

Turbidity (cm™)

~ |

—h

1.75

o

Vo B onluy smns A sula slag saedd 9ol 531
Lasa Ohgy Ol saliial b osud a8 JsalSae wm o

S8 Glose ol HhE (il U ol olas (sasa

(A
'

7]
]

i

G
G

[N
N
o
= |
o
u
(8]

Concentration of oil

O 9y 3 gl Glacll ju ¢ gl 94l 935 disgy (oY 90 8 5 AU &y 9aS gy y3 Y JSud
Figure 3-Investigating the optimal turbidity of optimal nanemulsion formulation at different concentrations of

GB35 o b Glsie woasa Hbalu Hu Jladouw)
Slesa GalbT Kl Ga Sl sela o Glases]
aiene LS col Aok S s (Y dses) dblee
29 G 5 (555158 bl pd 5a sl 5 RS
moslad ViV cned gola (s 5ol S0 aieis bae
00 35 U (SER=15%) b5 sasd 5 s 3 i 5 csla
59 VL eI nT el gl colold 85l
Gy WOl alls 4 ges, slagelal b e
(8 JSB) s (RS) (S8 g5 pbad s (S saead 5ol
Sk 838l b o saad sel 6 el solizad U
Bkl o elSU,) s Y Hsda G aa B b 5 Su S
Sablas e ) (S LS5 Gl e ol @lks
& slaluss 5o i calla 5 gulS Galsa
2132 slge gl 3l el 5 S SLas (s

R TR P VA

Saacas! 3T ol ga (5 a0 5lud
ST JSaal; Liat (a5 b Slaael 0T cllas b))
-l ool ol Lo gt 5T b s 4 DPPH
S olagl Bl Jae (ol € wtily o basms Hul3T sl
oo 538 5,10l 8 L ) cud S a0k bins o
(VY OLKan s Gussin) cal @8 o3l LG
ol olead 4l o Sl Sl S DPPH JISal,
Olsae 4 DPPH JISul, oS vl p e (ol 40 G250
il suiSlial Jslge K 5 eI saipiy
B 3 laae K55 4o 59 5 0K e o GlaneSI
0Ne s Lda mad gl s wsdiee s 055 K) &
Sad GhalS (g Seslnl (555 51 5 WL (RalS e 5l
Slio ol 4 Gl 5500 (5500 58 9 il dan g 4 LA
8525 (YN GLISea 5 Kig0) wiig O Pl il

o8 SlS5 Gl © e s b Gisad 5 S



Voo Jo /Y ojless ¥ ala / plie mlio sla yimghy & i

e g odbliins (Sij cooblanw odlpde V-

80 -
70 -
60 -
50 -
40 A
30 -
20 -
10 A

% inhibbition f DPPH

ATV

TV y e =

15

TNV =

30 60

Storage time (day)

Of9y S (gaeal 9ol 530 9 (8ALd) IO () gead 9ol 93U () gacu¥ 90,8 DPPH ol 3T Jlsual 5 (5 3luslals d & s —F s
(3.4:\.|—J.u.u o451 u.\.u.u) e
Figure 4- DPPH radical scavenging activity of nanoemulsion blank (control) and nanoemulsion containing

essential oil (1:1 Cumin-Lemon)
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Table 3- Percentage of free radical scavenging of essential iols

sample

Percentage of free radical scavenging

Lemon essential oil
Cumin essential oil

Cumin-Lemon essential oil
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Introduction: Nanoemulsions (NE) are among the most important nano carrier systems, which are
clear systems with droplet size within the range of 20-200 nm (Pezeshki et al., 2015). The particles
smaller than the wavelength of the light are more resistant to the gravitational separation and therefore
droplet aggregation compared with conventional emulsions (Fathi et al., 2012). Also, as a promising
drug delivery system they have been attracting global attention providing controlled release of active
compounds (Ali et al., 2017). They are good delivery systems for lipid-soluble nutraceuticals which
can be prepared by simple production methods and natural food ingredients (Hasani et al., 2015;
Ozturk et al., 2015) Extensive researches have been done to use NEs for food enrichment and
development of the functional foods containing bioactive components (Saberi et al., 2013, Ozturk et
al., 2015, Komaiko and McClements, 2014). Formation and expansion of interfacial surface between
the oil phase and the aqueous phase, requires energy input to the system and therefore these systems
are thermodynamically unstable and due to various physicochemical phenomena over time they tend
to separate to their constituent phases (Fathi et al., 2012; Rao & McClements, 2012; Jafari et al.,
2008). This required energy could be provided by mechanical energy (high energy methods) or
potential energy of its constituent components (low energy methods). Low energy methods are
generally dependent to the interfacial phenomena at the boundary layer between oil and water phases
and often it is more effective in small particle production compared with high energy methods
(Sagalowicz & Leser 2008; Rao & McClements 2012; Piorkowski & McClements 2014).
Spontaneous emulsification, one of the low energy methods in the preparation of oil in water NEs,
depends on the production of very fine oil particles when an oil/hydrophilic surfactant mixture is
added to the water (Pezeshki et al., 2017; Famian & Pezeshki, 2018). It is used as delivery system to
encapsulate lipophilic nutraceutical components such as fat soluble vitamins Today, due to the
reduction of fat in the diet and the loss of many compounds during various processes, the body is
deficient in nutrients. Intrusion of hydrophobic food-drug compounds, such as various essential oils,
into a variety of nanosatellite systems improves solubility and uptake into the human body and can
be an effective way to enrich low-fat products. In this study, nanoamulsion containing 1: 1 ratio of
subcutaneous, green-lemon oil essential oils by spontaneous formation method using spontaneous
surfactant, non-hydrogen peroxide (Twin 80) and various oil phase carriers of Migliol 812, sesame
oil and corn oil to surfactant ratio 15% emulsion (SER) was produced to achieve the best oil phase in
the production of the optimal formulation of this nanomaterial with the smallest particle size.

Material and methods: NE was produced using low energy spontaneous method by addition of the
oil phase drops (solution of a hydrophilic nonionic surfactant (Tween 80) to the deionized water
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(Pezeshki et al., 2017). The ratio of surfactant to emulsion (SER) and surfactant to oil phase (SOR)
was 15% and 150%, respectively. During the formation of the emulsion the mixture is continuously
stirred by the magnetic stirrer (500 rpm at 25 °C). By the time when the pouring of the oil phase was
completed, the systems were given stirred for 40 minutes to reach equilibrium. With regard to the
effect of temperature on the particle size of nanoemulsion, a magnetic stirrer equipped with a
temperature sensor (Hiedolph, Germany) was used to maintain temperature during emulsion
formation.

The particle size and particle size distribution of system was obtained with use of a particle size
analyzer (Malvern, UK) at 25°C. Measurements were performed by laser light scattering. The
samples were diluted twenty times before being placed in the device and the average particle size was
expressed based on volume diameter (Hasani et al. 2015) .The morphology of the NEs was observed
using TEM (KYKY-EM3200 with an accelerating voltage of 26 kV). The drying process of the
samples was conducted at room temperature on the carbon-coated grids (Klang et al. 2012). The NE
formulation’s variations regarding particle size and span value as well as its physical appearance
during the sixty-day storage at 25 °C (on days 1, 7, 14, 30, 45 and 60th day) were studied. A turbidity
method was applied to specify the optical properties of the colloidal dispersions. First, with use of
acidic buffer solution (pH 3.0) samples were diluted to oil concentrations ranging from 0.03 to 0.15
wt. %. The turbidity of selected samples was measured at 600 nm with use of a UV-visible
spectrophotometer. The slope of a linear plot of turbidity versus oil phase concentration represents
the turbidity increment (Saberi et al. 2013).

Results and discussion: According to the results, the smallest droplet size of nanoamulsion produced
with Migliol 812 (84.98 nm) carrier oil, especially dispersion (0.232), was distributed in the size of
narrow and single-mode droplets. The temperature of 25°C was stable. Images of the transmitting
electron microscope also confirmed the particle size obtained from the particle measuring device.
Transverse electron microscope images also confirmed the particle size obtained from the particle
measuring device. The potential value of the optimal formulation zeta was obtained during a very
small and near-zero maintenance period, and the increase in time did not show a significant effect on
the change in the potential of the sample zeta.

Conclusion: In general, using the Migliol oil phase, it is possible to produce nanomaterials containing
all kinds of oily essential oils with the smallest size of droplets and stable, and then use it to enrich
foods with a variety of oily essential oils.
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