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Abstract: Stability of oil-in-water emulsions can be achieved by chemicaly
modified starch, such as octenyl succinic anhydride (OSA) starch, as an emul-
sifier. In order to analyse the disperse and rheological characteristics of emul-
sions containing two kinds of emulsifiers, part of the OSA starch can be sub-
stituted with an adequate concentration of sodium dodecyl sulphate (SDS),
which is a small surfactant with the same charge as OSA starch. The oil con-
tents of the examined emulsions were 5, 20 and 50 %. The selected OSA starch
concentration was 10 % and replacements of a part of the OSA starch were
realized with SDS concentrations of 1, 3 and 5 %. Dispersed droplets of emul-
sions were defined by determination of the Sauter mean diameter ds, and par-
ticle size distribution. Flow curves were used to describe the rheological pro-
perties of the emulsions. In addition, the stability of the emulsion samples was
observed and expressed by the creaming index. The obtained results indicated a
decrease in the Sauter mean diameter of the droplets, the standard deviation
and the apparent viscosity of the emulsions with increasing amounts of SDS
within the emulsifier mixture OSA starch-SDS. According to creaming rate,
the emulsions with OSA starch were more stable than the emulsions stabilized
by the OSA starch and SDS combinations.
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INTRODUCTION

An emulsion is a dispersed system that contains at least two immiscible li-
quids and a third component that ensures system stability, known as an emul-
sifier. An emulsifier adsorbs at the oil-water interface, where it decreases the sur-
face tension and coats the dispersed droplets, thereby protecting them from coa
lescence.

The classification of emulsifiers includes two groups of widely applied com-
pounds for emulsion stability: small-molecule surfactants and macromolecular
emulsifiers, known as biopolymers. Sodium dodecyl sulphate (SDS) belongs to
the first group and octenyl succinic anhydride (OSA) starch to the second.

Modified starches are native starches that have been chemically or physi-
cally changed in order to improve their properties and to satisfy specific demands
of industrial application.l Chemically modified starches are, generally, obtained
by introducing a chemical group or molecule part that reacts with hydroxyl groups
of the starch molecules. Accordingly, the properties of native starch are more or
less changed.?

OSA starch is formed by the modification of native starch by octenyl suc-
cinic anhydrides. One of the three accessible carbon atoms of the glucose mole-
cule, at position 2, 3 and 6, are substituted by octenyl succinic anhydride. The
substitution largely occurs at branched amylopectin chains, and the degree of
substitution (DS value) for food application isin the range 0.01-0.03.34 The hyd-
rophobic OSA group incorporated into the hydrophilic structure of native starch
provides surface active properties to the macromolecule. In addition, the hydro-
phobic OSA substituent contains a carboxylic group that can be negatively charged,
thus considering the low degree of substitution, this modified starch has proper-
ties of aweakly charged polyelectrolyte.®

In this manner, OSA starch has dual properties; the amphiphilic nature of the
molecules provides stronger surface activity compared to native starch molecu-
les,6 and the macromolecule characteristic increases the viscosity of the conti-
nuous phase. These characteristics make it suitable for stabilisation of dispersed
systems, especialy oil-in-water emulsions. The macromolecules are brought to
the oil—-water interface by short, hydrophabic, octenyl succinic chains that are in
the oil phase, while long amylopectin chains stay at the water phase and protect
the droplets against flocculation by the steric stabilization mechanism.”-8

Synthetic surfactants, such as SDS, are widely used components for different
industrial formulations. The specific molecular structure of SDS, represented by
long aliphatic chains with a sulphate ester group, confers amphiphilic properties
and significant surface activity to the molecule.® The dispersed droplets of an
emulsion are stabilized by electrostatic repulsion, unlike OSA starch that accom-
plishes stabilization by the steric mechanism.10 The adsorption of negatively
charged SDS molecules to the surface of the oil droplets increases the electro-
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static repulsion between droplets.11 Dickinson and Ritzoulis!2 examined cream-
ing and rheology of an ail-in-water emulsion containing SDS and sodium ca
seinate. They concluded that an excess of SDS promoted destabilization through
fast creaming and explained that non-adsorbed surfactant micelles in the agqueous
phase of the emulsions caused depletion flocculation.

The aim of this work was to examine the properties of emulsions stabilized
by OSA starch and mixtures of OSA starch and SDS. SDS is chosen because of
its same electric charge as OSA starch, but different chemical structure and diffe-
rent stabilizing mechanism. Knowledge about properties of the final emulsion
product, such as droplet size, stability and rheology, when those two surfactants
are used together, is important in order to improve quality and the range of their
application. Due to that part of the OSA starch, which are used as emulsifier, will
be substituted with adequate concentrations of SDS and the characteristics of
emulsions will be analyzed.

EXPERIMENTAL
Material

Sunflower oil “Olivko”, acquired from the local oil production plant “Banat” Nova
Crnja, Serbia, has a high content of oleic acid as a monounsaturated acid and is highly
resistant to oil hydrolysis and oxidation. Its physico—chemical characteristics at 25 °C were:
density, p = 0.9145 g cmv3, viscosity coefficient, 7= 56 mPas, and total acid number, TAN =
0.353 mg KOH g1 ail. The fatty acid composition of the “Olivko” oil presented in Table |
was determined by gas chromatography—mass spectrometry analysis.13

As an emulsion stabilizer, OSA starch with the trade name Purity Gum 2000, which is a
waxy maize derivative produced by the National Starch and Chemicals GmbH, Germany, was
used. It is recommended as good natural emulsifier for food and pharmaceutical applications.
The SDS was obtained from Centrohem, Beograd, Serbia. Double-distilled water was used.
All chemicals were of reagent grade and were used as such.

Preparation of the emulsions

The continuous phase was formed by dissolving an appropriate amount of OSA starch or
OSA starch-SDS mixtures in water and heating at 50 °C. The selected OSA starch concen-
tration was 10 %. Part of the OSA starch was replaced with adequate SDS concentrations (1, 3
and 5 %). Hence, emulsions stabilized with: 10 % OSA starch; 9 % OSA starch and 1 % SDS;
7 % OSA starch and 3 % SDS; and 5 % OSA starch and 5 % SDS. The chosen amount of oil,
the dispersed phase, based on the mass of emulsion, was added to the continuous phase in
order to form an emulsion. The dispersed phase concentrations were 5, 20 and 50 %. In order
to avoid microbial contamination, 0.01% of sodium azide was added. Homogenization was
performed in an Ultra-Turrax T25 basic homogenizer, equipped with an S 25 N-18 G dis-
persing tool, at a constant temperature of 25+0.1 °C at 9500 minL. The energy density for the
preparation of the emulsions!* was 6.0x10% W m3. The total homogenization time was 20
min. Prior to the measurements, the prepared emulsions were kept at room temperature for 24 h.

Determination of the particle size and particle size distribution

The size distribution of the droplets was determined using microphotography. The emul-
sion samples required pre-arrangements before taking the microphotographs.1®
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The microphotographs were taken at few optical fields using an optical microscope (TP-
1001C TOPICA CCD CAMERA (Kruss)). They were adjusted by adequate software and
expanded 1:1000; hence, a droplet with an actual size of 1 pm corresponded to 1 mm on the
photograph. Due to the diameter frequency, the Sauter mean diameter ds,, um, (Eg. (1)) was
determined in order to define the droplet size distribution.

Zﬂ di3
dsp = 1
2= T2 D
The standard deviation was calculated according to Eq. (2):
2
O-2=Znig_dn) (2)
i

where n; is number of dropletsin each size class, d; isthe droplet diameter, Zn; is total number
of droplets, and d, is the average droplet diameter:

d
dn = Zz”n, ©

Rheol ogical measurement

The determination of rheological behaviour was performed using a HAAKE Rheostress
RS600 rotational viscometer (“Thermo Electron Corporation”, Karlsruhe, Germany) with a
cone—plate C60/1Ti sensor (the cone and plate gap was 0.052 mm). The measurements were
realized at a constant temperature of 25+0.1 °C. The rheologica method included hysteresis
loop tests. The samples were exposed for the first 180 s to an increasing shear rate from O to
500 s, the shear rate was held constant at 500 s for 120 s and finally, the shear rate was
decreasedto 0s1in 180 s.

Creaming rate determination

Creaming of the emulsion samples was observed at room temperature. The volume of the
transparent serum layer formed at the bottom of the cylinder was registered visualy and
expressed by Hs. The total volume of the emulsion sample was Hg. The extent of creaming
was characterized by the creaming index H / % (Eq. (4)):

H =100$ (4
He
Satistical analysis

Statistical analysis of the data and significant differences at the significant level 0.05 for
severa variables, based on three individual measurements, were determined by the ANOVA
procedure and Duncan multiple range tests. The calculations were performed using the sta-
tistical software SPSS 15.0 (SPSS Inc, Chicago, Illinois, USA).

RESULTS AND DISCUSSION
Disperse characteristics

A comparison of the Sauter mean diameter d3> of the emulsions stabilized
with OSA starch and suitable concentrations of SDSisgivenin Fig. 1A.
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Fig. 1. Theinfluences of OSA starch—SDS ratio on A) the Sauter mean diameter dg, of the
dispersed droplets and B) the standard deviations of the investigated emulsions.
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Increasing the amount of SDS in the OSA starch—-SDS mixtures led to a de-
crease in the average droplet diameter of the examined emulsions. The same ef-
fect occurred for all the examined oil concentrations.

SDS molecules are able to adsorb at the oil-water interface more rapidly
than biopolymers, such as OSA starch.18.22 The slow adsorption of OSA starchis
caused by the crowding of its hydrophobic and hydrophilic groups that slows
down the diffusion process and delays adsorption.16-18.22 Several biopolymer
molecules can be adsorbed at a newly created interface at the early stage of the
emulsification process, but presence of adsorbed small surfactant molecules cause
biopolymer substitution from interface.17,19,20

The standard deviation is a value of the width of the size distribution of the
droplets in a polydisperse emulsion.2l The changes in the standard deviation
(Fig. 1B) were similar to those for dgp. It is obvious that emulsions without SDS
had the largest standard deviation values, irrespective of the oil content, which
means that they were highly polydisperse.

Jafari et al.18 announced that addition of Tween 20 to oil-in-water emulsions
stabilized with OSA starch caused a considerable reduction of the average drop-
let diameter. This occurrence is a repercussion of the ability of the small Tween
20 molecules to adsorb at the interface before the OSA starch and to disable coa-
lescence during the emulsification process. SDS is also a small molecule like
Tween 20 and they have similar mobility and adsorption properties in compari-
son to OSA starch; hence, the premise by Jafari et al. could aso be valid for the
composite emulsifiers analyzed in this work. The results presented in Fig 1A
were confirmed by Tesch et al.,22 who reported that the average droplets diame-
ters of emulsions stabilized by OSA starch were higher than those for emulsions
stabilized by SDS. This was caused by the faster adsorption of small SDS mole-
cules at the oil-water interface.

The observation is also in accordance to the results presented by Tangsu-
phoom et al.23 They added SDS to coconut milk before the homogenization step
and noticed areduction in the average diameter of the droplets.

Rheological characteristics

To determine flow parameters of the emulsions, a power law equation (Eq.
(5)) was suitable because the systems did not show yield stress:

T=Ky" ()

where 7is the shear stress, § isthe shear rate, K is a consistency index and n is
the flow behaviour index.

The consistency index K is a measure of the system consistency and it is
related to the apparent viscosity. The flow behaviour index n determines the
degree of non-Newtonian behaviour and varies in the range between 0 and 1. The

Available online at www.shd.org.rs/JSCS/

2012 Copyright (CC) SCS

@080

EW MG MO
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non-Newtonian character of an investigated system is more pronounced for
smaller values of constant n.

The values of K and n for the same concentration of oil phase, which are
located in the same row, are presented in Table |. The values are presented at the
confidence interval 95 % and the values of the individua measurements are
given as mean value + error of determination.

TABLE I. Flow curves parameters K and n of the emulsions stabilized with OSA starch and
OSA starch—SDS mixtures; the values are presented at the confidence level 95 % and the va-
lues of the individual measurement are given as the mean vaue + the error of determination;
the mean values do not differ significantly (p > 0.05) if they are followed by the same letter in

the superscript

Oil content, % (Cosa sarch + Csps), %0 K/ Pas n

5 10+0 0.0088990 + 0.00016(cd  0.9463667 + 0.00588(d)
9+1 0.0088623 + 0.00041(cd  0.9772000 + 0.00578 ()
7+3 0.0070097 + 0.00032®  0.9533667 + 0.00745®)
5+5 0.0042753 + 0.00005@  0.9634333 + 0.00225 @

20 10+0 0.0216700 + 0.00342(¢d  0.9314000 + 0.00375(
9+1 0.0209600 + 0.00038(¢d  0.9300667 + 0.00428 (¢
7+3 0.0190533 + 0.00076 ®  0.8834333 + 0.00373®)
5+5 0.0103467 + 0.00048@  0.9095333 + 0.00621 @

50 10+0 0.2717333 + 0.01986@  0.7781333 + 0.01249 (ad)
9+1 0.2010000 + 0.01288(9  0.7586000 + 0.01102 ©
7+3 0.1697000 + 0.00366(  0.7423000 + 0.01032 ®
5+5 0.1094000 + 0.02085@  0.7815333 + 0.02315 (@)

The conclusion of the results presented in Table | is that increasing the
amount of SDS in the emulsifier mixtures of OSA starch and SDS, used to sta-
bilize emulsions, led to a decrease in consistency index K, meaning areduction in
the apparent viscosity of the emulsions. The reason for such behaviour liesin the
fact that OSA starch is macromolecular emulsifier, which has a significant
influence on the viscosity of continuous phase due to its macromolecular nature.
A characteristic of polymersistheir capability of modifying the viscosity of water.
OSA starch replacement with a low-molecular mass emulsifier, such as SDS,
which has a negligible effect on the viscosity, still resulted in a decrease in the
viscosity of the continuous phase. The decrease in agueous phase viscosity re-
flected on the consistency index of the emulsions. Changes in the SDS concentra-
tion did not show a specific dependence on the flow behaviour index n.

Increasing the oil concentration in the emulsions led to an increase in con-
sistency index K due to the increase in the packing density of oil droplets, aswell
as a decrease in flow behaviour index n, indicating a pronounced shear thinning
behaviour of the systems at higher oil contents. This phenomenon is related to the
fact that the droplets are closer to one another at higher oil concentrations and
they tend to flocculate. Small hydrodynamic forces at low shear rates are not able
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to disrupt the flocs, but at higher shear rates, the flocs became deformed and
eventually disrupted, causing a reduction in the emulsion viscosity.21.24.25

Emulsion stability

Emulsions with only OSA starch were more stable in terms of their creaming
appearance compared to emulsions stabilized by the OSA starch—-SDS mixtures.

Particularly, on comparing the occurrence of creaming of emulsions stabi-
lized by OSA starch-SDS mixtures with those that were stabilized only by OSA
starch, it was noticed that the addition of SDS enhanced the separation of the
droplets. The influence of different amount of SDS in the OSA starch-SDS mix-
tures on the creaming rate of the examined emulsionsis shown in Fig. 2.

In the presence of SDS, rapid creaming was noticed. In the emulsions that
contained 5 % and 20 % of dispersed phase, for all OSA starch and SDS ratios,
the creaming index reached maximal values after an hour. In addition, increasing
the amount of SDS in the mixture led to an increase of the maximum values of
creaming index for the emulsions with 20 and 50 % of the ail phase, while this
effect was |less pronounced in the emulsions with an oil content of 5 % (Fig. 2).

The emulsions stabilized only by OSA starch showed a slower creaming be-
haviour and the maximum value of the creaming index was achieved after two
days. Increasing the SDS concentration in the OSA starch—SDS mixtures led to a
decrease in the creaming time. Emulsions that contained 50 % oil showed a delay
time of creaming. For the emulsions with an OSA starch—SDS ratio of 9:1, as
well as for the emulsions stabilized only by OSA starch, the delay period was 72
h. The delay time decreased with increasing amount of SDS, and it was 24 h for
an emulsifier ratio of 1:1.

A significant difference in the turbidity of the transparent serum layer was
noticed between the emulsions that contained SDS and those that were stabilized
only by OSA starch. Namely, the serum layer of the emulsion that did not contain
SDS, after the appearance of creaming, was turbid, and the border of the two
layers was not sharp. The serum layer became clearer during storage while the
border between the two layers became more noticeable. This is typical behaviour
for highly polydisperse systems, and is in accordance with the Stocks Law. The
larger droplets move faster, while the smaller ones remain longer in the serum
layer thereby making it turbid.

Thus, emulsions stabilized with OSA starch and SDS mixtures after the
creaming had a clear serum layer without remaining oil droplets. According to
Dickinson26 and McClements,2! surfactants micelles and non-adsorbed biopoly-
mers can lead to destabilization of an emulsion system by the depletion floccu-
lation mechanism, which occurred in these examined systems. The oil droplets
moved faster during the creaming process because of flocculation and the clear
serum layer evidenced that all droplets werein the top layer.
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Fig. 2. Theinfluence of OSA starch—SDS ratio on the creaming rate of the emulsions with
different oil contents A) 5 and B) 20 %.
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Fig. 2. (Continued) The influence of OSA starch-SDSratio on
the creaming rate of the emulsions with oil content 50 %.

CONCLUSIONS

From the presented results, it can be concluded that increasing the amount of
SDSin OSA starch—SDS mixtures decreased the apparent emulsion viscosity and
the mean diameter of the dispersed droplets. However, despite the slow adsorp-
tion, OSA starch molecules provide a better stability to the emulsion than a com-
bination of OSA starch and SDS. This is because surfactant micelles and non-
adsorbed biopolymers destabilize the emulsions by the depletion flocculation of
the droplets when OSA starch and SDS are employed together.
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Crabunnzanyja eMyli3Hja TUIA yJba Y BOAU MOXE CE OCTBAPUTH XEMH]jCKH MOAN(DUKOBAHIM
CKpOOOM, OKTCHWJI CYKIMHAT aHXuApHAoM ckpoba — OCA ckpoboM, ka0 eMynratopoM. Y HOUIbY
UCIIUTHBama JUCIEP3HOHUX U PEOJIOIIKHX OCOOMHA eMyJI3Hja Koje caJpiKe JIBe BPCTE eMyJraTopa
neo OCA ckpoba Moxe a Oyae 3aMEHhCH aJICKBATHOM KOHIICHTPALUjOM HATPHUjyM-I0ICIIHAI-CYJI-
¢ata, xoju je cypdakTaHT UCTOr HaenekTpucama kao U OCA ckpob. Caapxaj yJba HCITUTHBAHUX
emyn3uja u3HocHo je 5, 20 u 50 %. ITopen omabpane xounnenrpamnuje OCA ckpoba o 10 %, Hatpu-
jyM-mopenumn-cyndar je yBeaeH y koHuentpauujama 1, 3 u 5 % 3amenom agexsatHor gema OCA
ckpoba. Meronom oapehuBama BenTMUHMHE W pacrojeie BENWYWHE Kamu AehUHHCAH je Cpelmbu
[PEYHHK AucreproBannx kamu — CayTepoB HpedHHK, Ogp. VcmuTHBaEmeM KPUBHX MPOTHLAmA
yTBpl)eHa Cy peosiolka CBOjcTBa eMyi3uja. Takole je mpaheHa cTaOUIHOCT eMyJI3Hja Koja je u3pa-
JKCHa TPEKO KPUMHHT HHeKca. JloOujeHn pe3ynTaTi yKasalld Cy Ha cMameme CayTepoBor cpej-
BET MPEYHUKA KAy AUCIIEPrOBAaHOT yJba M CTAHJap[HE AEBHUjaIje M CMAEHEe BPEJHOCTH MpH-
BHIHMX BHCKO3UTETa eMyJ3Hja ca moBehameM yzena HaTpujyM noAenw cyidaTa y cCMeImn eMyd-
raropa. Emymsuje koje cy campxane camo OCA ckpo0O, Ha ocHOBY mpahema I0jaBe KPUMHHTA,
nokaszaine cy Behy crabunHocT of emyn3uja crabuinzoBanux komOuHanujom OCA ckpoba u Ha-
TPHjyM-I0ACIHI-CyiaTa.

(MTpumsbeno 30. jyna 2010, pesuaupano 7. hedpyapa 2011)
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