J. of Korean Oil Chemists” Soc., 1
Vol. 32, No. 3. September, 2015. 536~545

ISSN 1225-9098 (Print)

ISSN 2288-1069 (Online)

http:/ /dx.doi.org/10.12925/jkocs.2015.32.3.536

A FFl WE nanoemulsion®] 437}
Ostwald ripeningo]] &gt |-

ey - ool - Foat

o
H
(20159 8¢ 14 A< 20159 9

A study on the formation and Ostwald ripening stability of
nanoemulsion with various emulsifiers
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Abstract : This study aimed to investigate the effect of various emulsifiers on the formation of
nanoemulsions and their stability properties. MCT (medium chain triglyceride) nanoemulsions were
prepared (10 wt% oil, 10 wt% emulsifiers, 20 mM bis—tris, pH 7) with emulsifier such as Tween
20 (Polyoxyethylene(20) sorbitan monolaurate), Almax 3800 (Sorbitan monooleate), soy lecithin,
and SSL (sodium stearoyl lactylate) and changes in fat globule size with respect to storage period
and stability properties by Turbiscan were investigated. In case of control nanoemulsion with 10
wt% Tween 20, the initial fat globule size was 89.0 nm and 113.4 nm after 28 day of storage and
this large increase (ca. 24 nm) was thought to be caused by Ostwald ripening. When Tween 20
was partially replaced with Almax 3800, lecithin and SSL in nanoemulsions, their physicochemical
properties (ie, fat globule size and stability) were changed accordingly. In general, the intial fat
globule size was decreased with increasing the concentration of the emulsifiers and the stability
against Ostwald ripening increased. The most stable nanoemulsions against Ostwald ripening could
be prepared with emulsifiers of Tween 20 and Almax 3800 or lecithin in the ratio of 6:4 (wt%),
which was verified with Ostwald ripening rate (). In addition, the emulsion stability by Turbiscan
was observed to be consistent with results of changes in fat globule size with storage period.
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Fig. 1. Changes in particle size of Tween 20

nanoemulsion (10 wt% Tween 20,

MCT 10 wt%, 20 mM bis—tris, pH7)

with storage time.
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Fig. 2. Changes in the backscattering intensity
(BS%) of Tween 20 nanoemulsion
measured by Turbiscan. BS increased
from pink (measuring time: 0 h) to
red (measuring time: 24 h).
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Fig. 3. Effect of Almax addition on changes in

Tween 20

nanoemulsions with storage time. The

stored at room

particle size of
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temperature for 28 days.
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AE FK 71 B vlE Held =EH
= ¢ & ok AARtes 4% wheat
bran oil& AMg-Ste] ARG LlodA SHggde|
Tot Sarao] o] wEW  Span-80(sorbitan
monooleate)7} Tween 802 37.4 : 62.6 (wWt%)
o2 SFstas o odd F ATt 2717t 7t
F 0 fEIRMEETE S45t9ae Halste] 2
A AaE QdSstar lrH24l.

3.1.2.2. HHAE o] 8]t {3 IHE FUt

Fig. 4= Turbiscang ©]835t%] Tween 20 +
Almax B8 Hiodde] fakbge &4 wgt
E WEiliz glew, bt Zzeo] ’H3KA
BS%)E &7 A7Q24 h9 g2 B
Fig. 2014 71&3t Bke} Zo] Ostwald ripening
ol oaiA Add F AT 2717 FUkeHE
FUAE A WA ], 1 eSS
Turbiscanol|Al Al Fshs AZEolE o] &5ty
5984 (kinetics) 22 TS 4= o}, Fig. 4]
o)5tH TRl Tween 20 WiodAQ] 244
b B9 ABSE 1% AEH O™, Tween 20 9.5
wt% + Almax 0.5 wt% YoBA4e H$ 4
BSE= oF 0.8%9.1, Tween 20 8 wt% + Almax
2 wt% UYkoHAo ABSE 0.5% 1l
Tween 20 6 wt% + Almax 4 wt% Wico|HA
o] ABSZ °oF 0.3%= EAw o] Almax TF T
Ztol ot ABSE WokAl= Aoz TEEL
olzgt ¥F AT TS UloddS 28¢

Table 1. HLB number and particle size of nanoemulsions with a various combination of

surfactant used in the present study

Surfactants (wt%) nLI:IrrI;l]jer particllzltslile(nm) pa;Rzlre ZSéZZ;}rllsm :

Tween 20 (10 wt%) 16.7 89.12 113.52
Tween 20 : Almax (9.5:0.5) 16.08 93.1 107.25
Tween 20 : Almax (9.0:1.0) 15.46 91.12 103.7
Tween 20 : Almax (8.0:2.0) 14.22 85.53 92.79
Tween 20 : Almax (7.0:3.0) 12.98 81.03 86.82
Tween 20 : Almax (6.0:4.0) 11.74 78.65 83.23
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Fig. 4. Changes in backscattering profiles in
nanoemulsions by Turbiscan as a
function of measuring time. (@):
Tween 20 10 wt%, (x): Tween 20 9.5
wt% + Almax 0.5 wt%, (H): Tween
20 8 wt% + Almax 2 wt%, (A):
Tween 20 6 wt% + Almax 4 wt%. A4
BS = BS, - BSo, BS, backscattering
intensity ~ at  time = t,  BSy:
backscattering intensity at time = O.
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4% 7HTween 20 6 wt% + AE 4 wt%)T
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TAQ1 HLB gt Heloll =g5o] xdd dy=
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120
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Fig. 5. Effect of lecithin addition on changes
in particle size and stability of Tween
20 nanoemulsion with time. The
emulsions were stored at room

temperature for 28 days.

3.1.3.2. HH|AE o8 {3} HEx BIt

Tween 20 + #HAEH =3 {F3A] AARES o]
&oto] Az HodAde fItdE E4S
TurbiscanS ©]83}e] 2447t ZoF A3} 0
H, 1 AiE FEEE FEo] HIHABSH)Z
AT (Fig. 6). Tween 20 9.5 wt% + A
2 0.5 wt% UiodHol 4RSE tiERT Ui
HA FARSE =291 ©F 0.95%°]11, Tween 20
8 wt% + AE 2 wt% Hlo|dHMo] ABSE
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°F 0.8%% Tween 20 9.5 wt% + Almax 0.5
wt% UlcoBHdel ABSe| vl tiA Wttt E
gt Tween 20 6 wt% + HAIE 4 wt% YlcoH
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ABS (%)
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Fig. 6. Changes in backscattering profiles in
nanoemulsions by Turbiscan as a
function of measuring time. (@):
Tween 20 10 wt%, (¥): Tween 20
9.5 wt% + lecihtn 0.5 wt%, (+):
Tween 20 8 wt% + lecithin 2 wt%,
(®): Tween 20 6 wt% + lecithin 4
wt%.
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Fig. 7. Effect of SSL addition on changes in
particle size and stability of Tween 20
nanoemulsion with storage time. The
emulsions were stored at room

temperature for 28 days.
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Fig. 8. Changes in backscattering profiles in
nanoemulsions by Turbiscan as a
function of measuring time. (@):
Tween 20 10 wt%, (@): Tween 20
9.5 wt% + SSL 0.5 wt%, (A): Tween
20 9 wt% + SSL 1 wt%.
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Table 2. Ostwald ripening rates (@) determined for nanoemulsions with various emulsifiers

Surfactants (wt%) v % 10°(am®h’! r”
Tween 20 (10) 1.21 0.9686
Tween 20 : SSL(9.0:1.0) 0.59 0.6434
Tween 20 : Lecithin(6.0:4.0) 0.41 0.9326
Tween 20 : Almax 3800(6.0:4.0) 0.18 0.9243

*: correlation coefficient
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