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- - 1:1 5 0 I (al2) 1
(Control)
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- - 3:2 6 0.1 1 3
- - 2:1 6.67 0.1 1 4
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- 2:1 6.67 0.5 1 11
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* g of surfactant in 10g of organic phase (organic phase= surfactant + oil)
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Fig. 1. particle size (Z-Average, nm) and poly dispersity index (PDI) of nanoemulsions

Different superscript letters among bars denote significant difference (p<0.05) (big and small letters related to the size and PDI, respectively.
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Fig. 2. Zeta potential profiles of the nanoemulsions at neutral conditions
Different superscript letters among bars denote significant difference (p<0.05)

Oizmed Sl oS 590 nl e (Seslusge s 5L
Ot slad 4 3583 85l 5l ooy Sl Ly a5 cewl oy 3135
—0ly 4l (5950 p (2ldd Cailes sbul b gy, @ lad
adl [V 0] Wigd oo )3 mams gilo g oS’ o ade Wl
Ol )5 (V digas 2 &) 7010 B Dhewge iien bbb
e ol Salidl @ld ol (V) cilSe g cdale
o3l (p 8 3 (5l Ladiged plod (s )3 B Wigei a5 (5 p9boas o5
53 0SS S GBS 80 ol LKes g 95 00 )8
3l il el jtin Simligm sy Ayl bybis
oSy e a1y o Jeds g ad ol 5l Jols (ysemd gl )3
aozs Eely a5 wisls s yE, Ol ey cuid L
oS lasss ¥ T ams o Laalel 1) Sld o3lasl g ol sl
bl a2l boaS ceul ol ol g B Leyl e
o3lail (¥ digad) Plowge YL slacdale lp coliSl,gu
Yzt ol oyl Jds a8 il 2alS ol s e 4y 213
Cailas b 5l 45 ol diges al 45 CliST g YL oo
ale azi ) 5 gl Jlail il ajorly sl oy (e 2l 28
G hles g eslinge 09l e DILS ol l
mso omolS Olyd oslasl Y res cdale yiol33I L as Wles S
olaxl 5l 6 ,mS ol 10 Rowo (pl SUlgi caims las plas ool
oKen 5 Silg NNY] con gandgel )3 Sisecl vao g
ol dngd gdgal Sleogas » OIS )0 deo Sl om)p 50

GO sbodiged) (p>+/+0) o9 o Jne 6)1,@1 bl a4 lidl
ke pled 5o B3 Jemiliy Gl 51 jolate o5 09 azgi (Y
aS (1) aals diges bylos oy j0 ol o 0o o 5 ke
S (b ieBls 1) B Jonsly (n eS8 390 5ohge 2318
» S 5B G opl po ansy S polis ;5 SOR
5 Lkoly Wl bggedgel (SoaSIl L sl S
Ao g ColiS B g cdale jiol8l aS wis, S )55 o) Ken
30 Sl Gl Gl el O 5o (89, amdsalsil 5o
IVAD cas s sime i ol oo Lol 09 so by Jnily

9 PDI co3lasl 5 (QSM) a4 ailo duwge cdalé 51.Y.Y
Old Uy Junily

9 gedgalyils slo S 2 QSM ke 155 o) 2 sl
D caiged) 110 5 (F 5V Y cladigas) /o)) alises clalé
daglie 390 () 4iged) Dlwgo 28 wg0d b Dhwge 51 (V 5 7
Olfise (V) S50 & azgi b (S jobay (1 JS2) <85 13
Ol el Lo 10 ay V) g cdale iyl33l 4 i
SlSB,gm col cdale G o uioren 0gd 0 Oy o5l
Wgad 4y o (¥ diged) /) cdale )0 Dlwge 0458 (V1Y)
a2 oo mals |y O3 oslail d() aiged b JuS) 5Dhwge 281
asdls Liglidl 4y bge Hlgiioe |y 2alS ol e o(p<+/+0)
Sl a5 Cudls (g n g Plowge (rm (Sesbisls xSl



N

YWAA el oF o lels & 090 ‘L;:‘U.é g s, 5l aclilad O

Cely Sigusl gl plas b jlows diz j2 4 oo L 55 Cad
Wgad W IVE/FAM 3l g 098 oo cdl> (pl o DlL3 o3l el
G Cams SuolS pl Lol o, 1 dged ;o VIY/Ym & Y
g S a2 BB i SIS jm Siml slacdile
Olpls ) A diges 0 VY YNM & O dges o VFY/Ynm
@ord SlSBjen eSS slackile o Sgul sl ple>
Syl ly alyd oslail pals SUles

Gay 9 sFases S5l oS by awlie ln
S5 RGPy b Sigml gl plox b o Jles (g095 41095
bags ladiged D)3 (o 55 6l adgl G ol s 5l o
Oy TV e p9) wad L Spelpplises
onb Cans g (1/0) Dhvse YU slacdile s oS
u*‘?) 99 s_)‘)b o)L.\J‘ O ‘5)">£5-° A s(\\) wLSlS)a.w
)13 3529 (Vo ged) 5551 5 P9, 5 (B Lged) (5395409
Dlowge cale las ;5 (V1)) ciliSh g clale 23153814 Jg
cily 225 hey 50 5 Lol @l sl G (- /0)
tlio b 550 L 51() S 00 5V cladigas dulie)
2 ey b Ssel sl plem b sl lasd 0934095 (g,
ColiS B g ol lacdale jo Ghg, cplaS ol csmlive (55,
g A shdiges aslin) 04d o Jol> (6,858 I3 o5l
sanlie cllo l oSe Sl e SYL cdale js J5 (V-
LS g LialBl b m (V) 5 4 ldiges anglie) ol
Slidos S (e obml 65SeS LS G5 n G,
Looad b omdgolgil oy 5 [VE] o Kan g 1o plogil
Slodiges a5 ol Lz HCO-£+ g Ae pogi slacilisly,gu
35S 513 3las) sl ls Ssgml gl plos b oo Jlags
3 stlie gl o)la old ojll pals e glas 3G
5edsalgil 3 051l Eals s Sigusl gl plas 5l oolic]
55 OSe 5 03l3imir Jansgi s il 53l ST 5
Ivol calons 358

Sl sl & 655l 1 (b9 9 Sgml gl plo Lo
Solel Bl a ialidl ol Jg wssls Lialsl 1) 6y Jewsly
aLs Sl 2l nl S (Y JS8) (04 1+ 0) 3505 o ne
i) g o pamis (ol b g Dlewge JLslo 55, glsel 25U

A4

OB edale guldl L as woges osmlive bgw i b
foo clale jiiey GulBlL Jy Gals S oplail s el
1, odudy cpl e by ale Linl3dl s oglal 7o/0 b
DT amdls 0555 5 doo o S50 Slo A o0

IS s 4y el 0 ools Lt (V) U 4 a5 jsbylan
chle alBl Grismes 5 bagsedgsl 4 Plowse 9933 L
</ 0) b 5ok 56 By ey 7 o0 4 o /Yl g
PH 3l ooy 4ol 5o sy 5Ly LS 55 251 a5 T §f
ol g oo Al Bl cnl Jdo cnlpl ates die )1 61l
wged 5| aigal plod . Cowl Plosge JounS 51,5 sloog,S slass
Jesly o9 Fiion (nl a6 b Jomsly el
56 Lol @oluly o Wl oo Plewse sl slaaised o b
st 2l oeisn bole Sl Sen 5 oolj semms w5
03,5 owyn 1y Ggmdoal 65lmly 2 950 Ails oo g oud Lalis
Ogedgal D3 (e b sgeo eV jpam j3 a5 W5 S Gl g
Osmdsal 5oyt e b gez O] S a5 w38l
a5 23,8 B3 55 o Kes 5 e mimen [YY] cin
97~ 3led 4ol fao bglie boad sl (gl gal 5o
gl hie b5 S ojlail dao o GBI L ey O
Gl o Db merd 5 gao ity e sk Jds 4 oy
Iyy] ab oo

G) Jumily 9 PDI o)lail p gl gl jlowd 51V
Ol yhad
S5 » SHeelisl el les X
Slr Ko By, 005 ey @osFanss lapsmselsil
D9 Silegsedsel Sy onl o (Brae SlSB 5w Jals
b glagdo Ve jlad SO L as oo lid Giolesl cpl ol

sl

Srae SLSBew Gl GlF o (2954 Sgml sl pleo
45D Wges lows ool il canlie (gl (p<- /D) ol Lzals
8 e 0l s (VPYIYIM) 055 Sl 03l o 5550 gl
KPR e 4 O3 ojlal a5 ol csslie g 88
gas ,500 B,k 51.AYINM A digad) 8L ralS (p<+/-0)
clile plen 5 (V1) ColiSyse st Jlde (glls a5V
Jlead ol FTE 855 513 Jles 9590 5 050 (£410) Dhwse
Y bl sl camlice 5. oS gm YL slacdale gl



6¥1 S35 409> (ygrdgalyil

O Se g (550,08 Lo,

O
ColS g ol b Plawge YU glaclale (o pizen
5 Ohler 5 Sly ol ol (g)lo g IS 4y 5 A jeSns
0998 S 5o selie @l (LSe35 olerke (rizen
SLaoged ol 40555 g 2 (63l 5ed a9l 9 LS )4 slagao
lag,l LFe ¥V ] o8 sanlice baopsigy bawg oo laly
O3 b sldsse ok polie jeax 1, bl Gl ks
G Zenglie ioli8l cely cules jo a5 auiibs YU JoSdge
Waiges plos Jlo o 2gd o0 Hgemdgal 5950 g 5 b2 &
4095y (Phomage 33) aalds gas 4 Cerns ialojl o 5o

sl YL

(o smd 30l (5l 0.
$xSol 5 otz Shalie Lo bagysedsalylh sl
s 5l ol @l al gy oalaz p e Y elis)
JKG 0 damle SO Sl 050 SOy g gl ol (slaels
A aS ol las el (o pwy sl ol ool lias (F)
3 slalas baaiged 51 Sy g )3 g 5l 59, S 23S
W )ls g0 0y yle CundS L Lol oo sowline ol (gldals
90 Jlade o YL g olidl Bl V) diged jody adigel den o
laels 0 eS 5 (Do WBB) ) (gl gal 4 gy o ol 513
OS] digad dus (ol a5 090 A 9N slodiges 45 bogy po o

33 Pmge cnl il €p>+/+8) aislss ol sl Fne

it b s eSS (sloog)S xS 8 Lepias
g J plaiz (g 99 (ol 50 Jo e (Jg ol i

D

A jgSam g F.Y

o3l las (V) JS& )5 bagygandgal (5ol ai 558y lode
Sogme Gl el Plawge cdale gulidl Ll oa
(1) VL slacdale )3 (al8l Gl o sy joSias (p<+/+ 0)
30 Plwge (pl SUlgs oamolis (pl a5 0gs az s BBl
sl ] ladaoms o 555y el sl o Y glaclile
OB b JsSse (50530 Phewge clale il 51 o
szt bl o > (2p A5 Sl 0 090 oo Sk aS Wk o
55 stline @l 505 Glie plo [YF] ab 2ol JoSUse
iy 2l g g0 4l Fauo (gmadgal 4355 g 9550 )0
5 i 2l S0 oo iy 2l (e feo
S5 LYVl Wlos S 5158 ety ol et bl e
ploz (S5 Lo 5l Jol> ladises a5 0g ol L
b oaslio )0 (5500 aljeSuns 65531 5 Ghsy 9 Seigml sl
Sgold Jle g0 cnl Wl o9 ase> 35 05 )
ol onl ded a8 ol azy 598y alS csl (s 9 plo>)
5 Phosss i3lo g5, Szl gl zlgal 1 bl 4 Yoz
ol T 8298y 2018 ametiy 9 Lo T ksl o b

80 - a
=
70 b
c ]
60 - Ea d
Q : B ¢ =
7
B i &
g 50 el
N’
Z 40
S
S 30 4
- g
20 - b h
104 1 m m
. LH
1 2 3 4 5 6 7 8 9 10 11
Nanoemultions

Lo slos 3 baosendgal 6,0l a2 sy (V) S5
Sl p<e /o0 dan (o lo gae OS] 8929 snimoylis Sglaie By >
Fig. 3. Apparent viscosity of nanoemulsions at ambient temperature.
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Different superscript letters among bars denote significant difference (p<0.05)
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Abstract

The aim of this study was to investigate the properties of oil in water nanomulsion stabilized with whey protein isolate
(1% w/v) and quince seed mucilage (0.1 and 0.5% w/v) by low energy method of spontaneous emulsification and high
energy method of ultrasound homogenizer. Since the main problem in utilization of spontaneous emulsification method
is the use of high amounts of synthetic surfactants, one of the objectives of this study was to investigate the effect of
different ratios of surfactant to oil (SOR= 1:1, 2:1 and 3:2) and ultrasonic bath supplementation on spontaneous
nanomulsion properties. Nanoemulsion characteristics such as particle size, zeta potential, viscosity and stability of
nanomulsion were studied. In this study, nanoemulsions with a particle size less than 200 nm were well prepared.
Increasing the mucilage concentration and the surfactant to oil ratio resulted in a significant reduction in particle size,
a slight increase in zeta potential (increase in negativity), increased viscosity, decreased creaming index and increased
emulsions stability index. The nanoemulsions from the high energy method and the nanoemulsions treated with
ultrasonic bath have the lowest particle size, creaming index and highest emulsions stability index. The results of this
study showed that by a simple treatment with an ultrasonic bath, it was possible to create spontaneous nanoemulsions
with very small particle size (with nm dimensions) without using high concentrations of synthetic surfactants.
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