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New concepts for nanoencapsulation in foods 
Anna Millqvist-Fureby, anna.fureby@yki.se, Pharmaceuticals and Food Section, YKI Institute for Surface Chemistry, PO Box 5607, Stockholm 114 86, Sweden, Fax: 46-8-208998 

To deliver functionality if foods the micro- and nanostructure are very important, and encapsulation of active materials is one aspect of this. In recent years, new methodologies have emerged such as encapsulation in self-assembled lipid structures, multilayer coating of emulsion droplets, phase separation gelling systems etc. Also in the established methodologies such as spray-drying, new developments are made, e.g. in-situ coating and the use of phase-separating systems for encapsulation. This contribution will focus on new developments in micro- and nanoencapsulation technologies. Progress has been made in the development of inorganic mesoporous carrier materials, which can be loaded with relatively high levels of actives. However concerns may be raised regarding the regulatory aspect for use in foods. An attractive approach is to use highly porous carriers made from food grade materials, which will be presented here. Encapsulation approaches used in spray drying can be extended to also encompass other drying methods for similar materials and formulations, and some aspects of this will also be presented. 
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Complex coacervation of chitosan and cellulose nanocrystals 
Maren Roman, maren.roman@vt.edu, Department of Wood Science and Forest Products, Virginia Polytechnic Institute and State University, 230 Cheatham Hall (Mail Code 0323), Blacksburg, VA 24061, Fax: 540-231-8176, and Hezhong Wang, wangh@vt.edu, Department of Wood Science and Forest Products, Virginia Tech, Blacksburg, VA 24061 

Edible polyelectrolyte complex (PEC) capsules are of interest for the controlled release of sensitive food ingredients in food products and therapeutic agents in pharmaceutical formulations. To determine whether rod-like hydrocolloids form PEC capsules, we have studied the complex coacervation of cellulose nanocrystals and chitosan. Cellulose nanocrystals are nanoscale fragments of native cellulose fibers, similar to the smallest elements of microcrystalline cellulose. In contrast to microcrystalline cellulose, cellulose nanocrystals carry a negative surface charge due to the use of sulfuric acid in their preparation. PEC capsules were formed by slow addition of a cellulose nanocrystal suspension to a chitosan solution or vice versa. The formation of PEC capsules upon mixing was monitored by turbidimetric titration. The capsules were characterized according to net charge, average size, and surface morphology. Scanning electron microscopy images revealed unexpected geometric shapes. 
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Carbohydrate-nanovesicle complexes in fruit juice 
Jissy Jacob, jjacob@uoguelph.ca and Gopinadhan Paliyath, gpaliyat@uoguelph.ca, Plant Agriculture, University of Guelph, 50 Stone Road East, Guelph, ON N1G 2W1, Canada, Fax: 519-767-0755 

Membrane microvesicles and soluble carbohydrate polymers are entities formed during fruit ripening, senescence or processing. During the formation of such structures, they entrap or bind nutraceutical components such as polyphenols. Recent studies show that polyphenols are complexed with soluble carbohydrate polymers such as pectin and lipid nanovesicles in fruit juice. Nearly 25% of the polyphenol fraction in grape juice concentrate was bound to macromolecules. The dialyzate of juice contained relatively more -3-O glucosides and -3-O-acetoyl glucosides by comparison to the bound fraction which was enriched in -3-O-coumaroyl glucosides, suggesting qualitative differences in the bound and the free anthocyanin composition. Electron microscopic analysis of juice fractions revealed the presence of electron-dense nanovesicle-fiber complexes ranging in 10-200nm in diameter. The dialyzed fraction containing polyphenol-pectin complexes showed no superoxide scavenging capacity, reduced hydroxyl radical scavenging activity and high DPPH radical scavenging activity, indicating potential changes in functionality due to complex formation. 
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Nanoencapsulation of quercetin-embedded eicosapentaenoic acid in dual polymer system using power ultrasound 
Gilles K Kouassi, GK-kouassi@wiu.edu, Department of Chemistry, Western Illinois University, 519c Currens Hall, University Circle, Macomb, IL 61455, Fax: 309-298-2180 

In this study, droplets of eicosapentaenoic acid (EPA) were successively coated with a solution of whey protein concentrate (WPC) containing quercetin, and a solution of alginate using power ultrasound. The mixture was freeze-dried and the total amount of oil in the nanocapsules, and the amount of oil effectively encapsulated were determined by HPLC. The glass transition temperature (Tg) of dried capsules was determined using differential scanning calorimeter (DSC) and the sizes of the nanocapsules were determined using dynamic light scattering (DLS) and transmission electron microscopy (TEM). The long term and the thermal stability of the encapsulated EPA, were assessed by storing (5 mg) of nanocapsules at 10 ºC below Tg for 6 weeks, and 10 ºC above Tg for four hours, respectively. The amount of hydroperoxides in the sample was determined spectrophotometrically to assess the degree of oxidation. TEM images and DLS results showed that the size of the capsules were between 85-130 nm. Encapsulation efficiency was 78%. Long term and thermal stability results indicated that 69% oxidation inhibition was observed in the presence of quercetin. Power ultrasound is an effective tool for preparation of nanopcasules. Further, quercetin, a flavonoid compound prevented the oxidation of encapsulated EPA. This study provides a new approach to nanoscale encapsulation of functional and active compounds and may have a wide application in the food and pharmaceutical industries 
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Using milk proteins to alter nanostructure morphology in microemulsions and other mixtures 
Stephanie R. Dungan, srdungan@ucdavis.edu, Department of Chemical Engineering and Materials Science, University of California, Davis, Department of Food Science and Technology, One Shields Ave., Davis, CA 95616, Fax: 530-752-4759, and Jun Y Kim, snukim@ucdavis.edu, Department of Food Science and Technology, University of California, Davis, Davis, CA 95616 

Microemulsions are examples of nanostructured fluids: mixtures of oil, water and surfactant that spontaneously self-assemble to create particles with dimensions on the order of 1-10 nanometers. Because of the very small size of these particles, they have potential for enhancing delivery of solutes, including bioabsorption of micronutrients. These nanostructured fluids, furthermore, are equilibrium systems that form without the need for high energy processing equipment, and their properties are also more stable and tunable than unstable mixtures such as emulsions. 

Unfortunately, many surfactants approved for food use do not have optimal structures for the formation of useful microemulsions or other nanostructured fluids. In our research, we have been exploring whether food proteins, in particular the whey protein alpha-lactalbumin, has the potential to modify surfactant interfaces and influence the self-assembly of nanoparticles. We have used small angle x-ray scattering to show that particle type, size and shape are fundamentally altered by the addition of alpha-lactalbumin to oil/water mixtures containing the surfactant AOT. This surfactant is a negatively charged, two-tailed surfactant with features in common with many food surfactants. In the presence of protein, we find that pH and ionic strength can be used to tune the nanostructures in novel ways. This behavior has implications for the mechanism of the protein/surfactant interaction. I will also discuss recent measurements of flavor partitioning in model oil-in-water microemulsions. 

AGFD 58 

High pressure homogenization: From food safety to nanotechnologies 
Federico M. Harte, fede@utk.edu, Department of Food Science and Technology, University of Tennessee, Knoxville, 2605 River Dr, Knoxville, TN 37996-4591 

Homogenization (<20 MPa) has been traditionally used by the dairy industry to reduce the size of the fat globule in milk. Recent advances in materials engineering enabled the manufacture of high pressure homogenizers (HPH) able to reach 400 MPa working pressure. The combination of pressure, shear stress, turbulence, and cavitation promotes microbial inactivation, polymer mw reduction, and modification in protein structures. Our results indicate that HPH offers potential for (1) the pasteurization of fluid foods that are consumed fresh (e.g., apple cider), (2) the development of improved polysaccharide ingredients based on mono-dispersed mw distributions (e.g., alginates, xanthan gum), and (3) improved functional ingredients derived from protein-polysaccharide interactions in the nanometer scale (e.g., casein–HPC). HPH induces the dissociation of the casein micelle in bovine milk (<100 nm) and the exposure of hydrophobic sites. Reformed micelles are able to associate to triclosan and thus work as nano-delivery systems to stabilize the hydrophobic antimicrobial in an aqueous phase. 
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