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Introduction

Addition of health-related components like enzymew/hole cells and probiotics are interesting for
the food industry. However, they are normally deposed in the mouth or stomach. Encapsulation
of these materials could overcome these drawbaddikderials that have often been used for
encapsulation of these components are glassy cathates. These materials work well with dry
food stuffs, but for wet food stuffs other wall regals have to be chosen that do not easily dissolv
or decompose in water. Polysaccharides (Anal, 260@h as alginate are known for encapsulation
of probiotics. However, these shell materials aveops in nature, which restricts their use as acid
resistant shell material for oral delivery systeMgro-organisms to be encapsulated require a shell
material with poor Ftransporting properties. Shima (2006) encapsulatedtobacillus
Acidophilus bacteria in a water-in-oil-in-water (W/O/W) dould@enulsion to increase the viability
of encapsulated microorganism under acidic constio

The mechanical properties of the capsules deterthieediffusion and release of core material;
therefore rigidified oil capsules could be more dfénal than simple fluids. For storage of the
capsules based on W/O/W double emulsion in foodlysts like yogurts where the external
osmotic pressure fractures the double emulsion,materials are required to structure the oil phase
of the double emulsion. There are several ways bychwthe oil can be structured, e.g. by
structurents like gelators, biopolymers or surfatda Sunflower oil can be structured in the
presence of lecithin and sorbitan tristearate @&rn2007). In this study a new approach is
proposed to prepare hydrophobic microcapsules based/O/W double emulsions; the oil phase
consists of sunflower oil containing lecithin armttstan tristearate as structurent.

Materials and Methods

Emulsion preparation

Sunflower oil was purchased from a local food st@eya lecithin was purchased from BDH,.
Sorbitan tristearate was purchased from Fluka, Tw&fefrom Merck, Congo red from Aldrich. A
high intensity ultrasonic processor from Sonics akfthterials, Danbury, was used for
emulsification. A 20 ml solution of oil and struecguts (lecithin and STS) was heated to 70°C and
subsequently added to aqueous 3% Tween 20 witlcation for 1 minute, resulting in a milky
emulsion that was cooled with magnetic stirring.t&aoluble Congo red was encapsulated in a
W/O/W double emulsion. The primary W/O emulsion wasde by sonication at 70°C and the
second emulsification step was carried out by stmpdgnetic stirring at 48°C.

Measur ements

The emulsion was observed under Olympus opticalastope and the particle size distribution

was determined using a Coulter LS 230 counter. fhBasurements were carried out at 20°C; the
particle size was determined based on the refeatex of sunflower oil.

Cryo scanning electron microscopy (CryoSEM) wadquared as follows: the samples were put on

a small copper “shoe nail” Another one was placgéeide-down on top. The double “shoe nails”

were immediately and rapidly frozen in liquid propa The frozen samples were stored in liquid

nitrogen and subsequently placed in a brass spadmwieer. This holder was placed in a dedicated
cryo-preparation chamber (Oxford Instruments CTOLSF, Eynsham, England). Here the top
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“shoe nail” was removed from the base by a coldpst&reating a fractured surface of the frozen
suspension. This fractured surface was freeze doe@ minutes at -90°C at TOPa to remove
water and to enhance the surface contrast. Aftem8tes the samples were sputter coated with a
layer of 10 nm Pt at the same temperature. The lsangs cryo-transferred into the field emission
scanning microscope (JEOL 6300F, Japan) on a sastplge at -180°C. The analyses was
performed at a working distance of 16 mm, with ®ffedtion at 3.5 kV. All images were recorded
digitally (Orion, 6 E.L.I. sprl, Charleroi, Belgiunat a scan rate of 100 seconds (full frame) at the
size of 2528 x 2030, 8 bit. The images were optchiznd resized by Adobe Photoshop.

Thermal analysis (micro-DSC) was conducted on ardddifferential scanning colorimeter
(Setaram). Samples were placed in a sealed contkieating and cooling between 5 and 70°C was
performed at a rate of 1°C/min to obtain the mglteind crystallization temperatures. The
rheological measurements were carried out with ato Paar rheometer, Physica MCR 301, with
double gap geometry (DG267) having a diameter dd@ém. The encapsulated Congo red in the
W/O/W double emulsion was observed by confocaklasanning microscopy (Zeiss Pascal).

Results and discussion

Formation of gelled oil dropletsin water

When sunflower oil containing lecithin and sorbitaistearate are heated to 70°C, it forms a clear
solution. Addition of this oil phase to water cantag 3% Tween 20 with sonication at this
temperature, results in the O/W emulsion. The hatitwhich is present in the oil phase self
assembles to form micelles and Tween 20 enhanaeriulsion stability by forming mixed
surfactants films at the O/W interface by intem@ttvith sorbitan tristearate (STS) (Sudaxshina,
1999). After cooling the emulsion to room temperatwith stirring, three dimensional networks
will form in the oil phase through hydrogen bondofgphosphate groups of lecithin with hydroxyl
groups of STS. Particles of 1-5 um were formed, #red emulsion was found to be stable for
several months and exhibits normal Brownian motWiith increasing amounts of structurent in the
oil phase the volume fraction of micelles in thé mhase increases and more surface area can be
stabilized. Therefore, a significant decrease inigla size is observed when the concentration of
lecithin and STS (1:1) in the oil phase increageouwr4% and 48%, shown in figure 2b.

The same results were obtained by Cryo-SEM. Whendtal amount of structurent increases, the
particle size decreases. Figure 3. Increase inestration of structurent up to 48% (lecithin and
STS 1:1) gives particles having a size smaller thamicron.
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Figure 1 Formation of micelles in the oil phase du¢o the presence of lecithin. Upon cooling
network formation in the oil phase occurs through lydrogen bonding of phosphate groups of
lecithin and hydroxyl groups of sorbitan tristearate
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Figure 2. Effect of lecithin and STS concentratioron particle size distributions of emulsions
at 5% v/v of sunflower oil in water containing 3% Tween 20

a) b)
Figure 3. a) CryoSEM images of structured oil partcles for 5% v/v oil in water emulsion with

oil containing 12% w/w of lecithin and STS (1:1) irthe oil phase. b) 24% w/w lecithin and
STS (1:1)

Micro DSC measurements for oil in water emulsiothwi2% lecithin and STS (1:1) in the oll
phase shows a melting temperature of about 35°Ghasv in figure 4a. In the rheological
measurements (figure 4b), the viscosity decreasddenly at a temperature corresponding to
melting (~35°C) and it suddenly increases at tlystallization temperature (~20°C).
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Figure 4. a) Micro DSC heating curve for an emulsio with 5% oil containing 12% lecithin
and STS (1:1) (rate 1°C/min). b) Rheological behawi as a function of temperature of the
same sample (heating and cooling rates also 1°C/min
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The melting temperature of a reference gel of suvel oil containing 12% lecithin and STS (1:1)
in the absence of water was also found to be ~468l# crystallization temperature was ~20°C.

Encapsulation of water-soluble Congo red in a W/O/W double emulsion

The W/O/W double emulsion was prepared as folldiwst a primary water-in-oil emulsion was
made by sonication at 70°C of the water phase somtaCongo red and the oil phase containing
12% structurent. It was subsequently dispersed ant@xternal aqueous phase containing Tween
20. This second emulsification was carried out iy stirring. Most of the oil droplets contain
encapsulated aqueous Congo red in the oil shedeas by CLSM (Figure 5). However, the size
distribution is found to be rather broad.

Figure 5 CLSM image of encapsulated Congo red in &/O/W double emulsion
Conclusions

Gelled sunflower oil droplets can be prepared bycstiring the oil phase with lecithin and sorbitan
tristearate and stabilized by surface active lecidmd Tween 20 at the O/W interface. The size of
gelled droplets can be tuned with increasing stmectt concentration in the oil phase. It was
feasible to prepare W/O/W double emulsion with gscdating the water-soluble dye Congo red in
to gelled oil droplets. This double emulsion coblkl very interesting for encapsulation of water-
soluble active compounds for oral delivery. Furtsierdies of these double emulsions with respect
to monodispersity and low shear emulsification d¢tmals for encapsulation of micronutrients by
using microchannels and membranes (van Rijn, 28@4)n progress in our group.
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