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University of Belgrade, Department of Food Technology and Biochemistry, 
Faculty of Agriculture, Nemanjina, Belgrade-Zemun, Serbia

Atmir Romero Pérez
University of Alberta, Edmonton, Alberta, Canada

Mahantesh Mallikarjun Patil
Biochemistry and Nanoscience Division, Defence Food Research Laboratory 
(DFRL), Department of Biochemistry and Nanoscience, Siddarthanagar, 
Mysore, Karnataka, India


	Cover
	Title Page
	Copyright Page
	Contents
	List of Contributors
	Series Foreword
	Series Preface
	About the Series (Volumes I–X)

	Volume Preface
	1 - Nutrition—nutrient delivery
	1 - Introduction
	2 - Functional Foods and Bioactives
	3 - Nutraceutical Formulation Challenges
	4 - Oral Delivery
	5 - Bioavailability Enhancement With Nanoparticles
	6 - Food Grade Delivery Systems
	7 - Protein-Based Nanodelivery Systems
	8 - Lipid-Based Nanodelivery Systems
	9 - Carbohydrate-Based Nanodelivery Systems
	10 - Polysaccharide Nanoparticles for Nutrient Delivery
	11 - Chitosan-Based Delivery Systems
	12 - Regulations Surrounding Nanomaterial Safety
	13 - Uptake of Nanoparticles and Potential Toxicity
	14 - Conclusions and Future Directions
	References

	2 - Nanostructured biobased systems for nutrient and bioactive compounds delivery
	1 - Introduction
	2 - Design of Nanostructured Biobased Systems
	3 - Nanostructured Biobased Systems as a Nutrient and Bioactive Compound Carrier
	3.1 - Nutrients
	3.1.1 - Vitamins
	3.1.2 - Minerals
	3.1.3 - Carotenoids
	3.1.4 - Bioactive Compounds

	3.2 - Evaluation of the Retention Capacity of Nanostructured Biobased Systems
	3.3 - Controlled Release of Compounds from Nanostructured Biobased Systems
	3.3.1 - Release Mechanisms
	3.3.1.1 - Diffusion-Controlled Release
	3.3.1.2 - Swelling-Controlled Release
	3.3.1.3 - Degradation-Controlled Release
	3.3.1.4 - Stimuli-Controlled Release

	3.3.2 - Mathematical Modeling
	3.3.3 - Nutrients Release Behavior


	4 - Evaluation of Nanostructured Biobased Systems Behavior in Their Passage Through the Gastrointestinal Tract
	4.1 - Bioavailability
	4.1.1 - Challenges in Nutrient and Bioactive Compound Delivery in the GIT
	4.1.2 - Strategies to Improve the Bioavailability of Nutrients and Bioactive Compounds
	4.1.3 - Methods to Evaluate the Bioavailability of Nutrients and Bioactive Compounds

	4.2 - Toxicity of Nanostructured Biobased Systems
	4.2.1 - Behavior of Nanoparticles in the Intestinal Tract and Their Impact on Toxicity
	4.2.2 - Mechanisms Induced by Nanostructures
	4.2.3 - In Vitro and In Vivo Toxicological Studies


	5 - Conclusions
	Acknowledgments
	References

	3 - Nanoscale nutrient delivery systems
	1 - Introduction
	2 - Bioaccessibility and Bioavailability of Nanoencapsulated Nutrients
	2.1 - Bioaccessibility
	2.2 - Digestion of Nanoencapsulated Nutrients
	2.3 - Bioavailability
	2.3.1 - Liberation (Solubilization)
	2.3.2 - Absorption
	2.3.2.1 - Biological and Physiological Features of Gastrointestinal Tract
	2.3.2.2 - Absorption Mechanisms

	2.3.3 - Distribution (Transport to Systemic Circulation)
	2.3.4 - Metabolism
	2.3.5 - Excretion


	3 - Nanocarrier Materials
	4 - Formulation Technologies
	4.1 - Nanoemulsification
	4.2 - Nanoprecipitation
	4.3 - Emulsification–Solvent Evaporation Technique
	4.4 - Coacervation
	4.5 - Supercritical Carbon Dioxide Technology

	5 - Nanoscale Delivery Systems
	5.1 - Nanoemulsions
	5.2 - Multilayer Emulsions
	5.3 - Solid Lipid Nanoparticles
	5.4 - Polymer-Based Nanodelivery Systems
	5.5 - Molecular Complexes
	5.6 - Cyclodextrin Inclusion Complexes
	5.7 - Nanocoacervates
	5.8 - Liposomes
	5.9 - Nanocochleates

	6 - Conclusions
	Acknowledgment
	References

	4 - Engineering effective nanoscale nutrient carriers
	1 - Introduction
	2 - Surface Active Molecules (Emulsifiers)
	3 - Nanoparticles for the Encapsulation of Hydrophobic Compounds
	3.1 - Emulsions and Microemulsions
	3.2 - Solid Lipid Nanoparticles
	3.3 - Nanostructured Lipid Carriers
	3.4 - Pickering Emulsions

	4 - Nanoparticles for the Encapsulation of Hydrophilic Compounds
	4.1 - Liposomes and Polymersomes
	4.2 - Hydrogel Nanoparticles
	4.3 - Colloidosomes

	5 - Transport in Nano and Microparticles
	5.1 - Background and Diffusion Model
	5.2 - Transport in SLNs and NLCs
	5.3 - Transport Through Colloidal Shells (Pickering Emulsions and Colloidosome)

	6 - Discussion and Conclusions
	References

	5 - Nanotechnology applied to improve functionality in food
	1 - Introduction
	2 - Delivery Systems
	2.1 - Association Colloids
	2.2 - Nanoemulsions
	2.2.1 - Properties
	2.2.2 - Bioavailability Improvement and Toxicity Concerns

	2.3 - Biopolymeric Matrices
	2.3.1 - Nanoparticles
	2.3.2 - Molecular Characteristic of Biopolymeric Nanoparticles
	2.3.3 - Structured Biopolymer-Based Delivery Systems
	2.3.4 - Biopolymeric Particles Matrices
	2.3.4.1 - Polysaccharides
	2.3.4.2 - Cellulose
	2.3.4.3 - Proteins



	3 - Processing of Delivery Systems
	3.1 - Nanoparticles
	3.2 - Nanomaterials from Plants
	3.3 - Nanoemulsions
	3.4 - Nanoliposomes

	4 - Applications
	5 - Market Aspects
	6 - Challenges Ahead
	7 - Concluding Remarks
	Acknowledgments
	Websites
	Appendix
	References

	6 - Bioactive compounds delivery using nanotechnology: design and applications in dairy food
	1 - Introduction
	2 - Nanotechnology Delivery Applied in Food: Theoretical Aspects
	2.1 - Emulsification Technique
	2.2 - Coacervation
	2.3 - Inclusion Complexation
	2.3.1 - Other Examples of Molecular Inclusion

	2.4 - Nanoprecipitation Technique
	2.5 - Emulsification–Solvent Evaporation Technique
	2.6 - Supercritical Fluid Technique
	2.7 - Drying Techniques for Producing Nanoparticles
	2.8 - Liposomes

	3 - Safety and Regulations
	4 - Delivery Systems: Characteristics and Functionalities
	5 - Biomolecules of Interest for Delivery in Dairy Foods
	5.1 - Hydrophobic Compounds
	5.1.1 - Fatty Acids
	5.1.2 - Monounsaturated Fatty Acids
	5.1.3 - Polyunsaturated Fatty Acids
	5.1.4 - Carotenoids
	5.1.5 - Phytosterols
	5.1.6 - Fat-Soluble Vitamins

	5.2 - Examples of Lipid-Encapsulates in Dairy Products
	5.3 - Hydrophilic Compounds
	5.3.1 - Minerals

	5.4 - Water-Soluble Vitamins
	5.5 - Examples of Hydro-Soluble Encapsulates in Dairy Products
	5.6 - Phenolic Compounds

	6 - Conclusions and Future Trends
	References

	7 - Food-derived biopolymers for nutrient delivery
	1 - Introduction
	2 - Polysaccharide-Based Nanoscale Delivery Systems for Nutrients
	2.1 - Chitosan
	2.1.1 - Fabrication of Chitosan Nanoscale Delivery Systems
	2.1.2 - Chitosan-Based Nanoparticles for Nutrient Delivery

	2.2 - Alginate
	2.2.1 - Fabrication of Alginate Nanoscale Delivery Systems
	2.2.2 - Alginate-Based Nanoparticles for Nutrient Delivery

	2.3 - Pectin
	2.3.1 - Fabrication and Application of Pectin-Based Nanoparticles for Nutrient Delivery

	2.4 - Gum Arabic
	2.4.1 - Fabrication and Application of Gum Arabic-Based Nanoparticles for Nutrient Delivery

	2.5 - Other Polysaccharides

	3 - Protein-Based Nanoscale Delivery Systems for Nutrients
	3.1 - Zein
	3.1.1 - Fabrication of Zein Nanoparticles
	3.1.2 - Applications of Zein Nanoparticles for Nutrient Delivery

	3.2 - Gliadin
	3.2.1 - Fabrication and Application of Gliadin-Based Nanoparticles for Nutrient Delivery

	3.3 - Soy Protein
	3.3.1 - Fabrication and Application of Soy Protein-Based Nanoparticles for Nutrient Delivery

	3.4 - Whey Protein
	3.4.1 - Fabrication of Whey Protein Nanoscale Delivery Systems
	3.4.2 - Whey Protein-Based Nanoparticles for Nutrient Delivery

	3.5 - Casein
	3.5.1 - Fabrication of Casein Nanoscale Delivery Systems
	3.5.2 - Casein-Based Nanoparticles for Nutrients Applications

	3.6 - Other Proteins

	4 - Conclusions and Future Perspectives
	References

	8 - Applications of nanomaterials in functional fortified dairy products: benefits and implications for human health
	1 - Introduction
	2 - Nanotechnology in Dairy Food Products
	3 - Milk
	3.1 - Dairy Products
	3.2 - Fortified Dairy Products
	3.3 - Functional Dairy Foods
	3.4 - Dairy Products Fortified with Probiotics
	3.5 - Dairy Products Added with Prebiotics
	3.6 - Dairy Products Added with Antioxidants and Omega-3 Fatty Acids
	3.7 - Other Applications of Nanotechnology into Milk and Dairy Products Processing

	4 - Methods and Techniques Used for Incorporating Nanostructures into Milk and Dairy Products
	5 - Health Benefits and Potential Risks from the Incorporation of Nanomaterials into Milk and Dairy Products
	5.1 - Nutritional Aspects of Milk and Dairy Food Groups
	5.2 - Dietary Guidance for Dairy Food
	5.3 - Potential Risks of Nanotechnology
	5.4 - Safety and Regulatory Issues

	6 - Conclusions and Final Comments
	Acknowledgments
	References

	9 - Controlled release nutrition delivery based intelligent and targeted nanoparticle
	1 - Introduction
	2 - Nonpolymeric nanocarriers
	2.1 - Lipid-Based Nanocarriers
	2.1.1 - Solid Lipid Nanoparticles (SLN)
	2.1.2 - Nanostructured Lipid Carrier (NLC)
	2.1.2.1 - Application of NLC in Food Industries

	2.1.3 - Nanoemulsions
	2.1.3.1 - Nanoemulsions Application in Food Industries



	3 - Polymeric Nanocarriers
	3.1 - Natural Polymers
	3.1.1 - Polysaccharide Nanocarriers
	3.1.1.1 - Cellulose
	3.1.1.1.1 - Cellulose Modification
	3.1.1.1.2 - Application of Cellulose Nanofibers in Food Industries

	3.1.1.2 - Chitosan
	3.1.1.2.1 - Application of Antimicrobial and Antioxidant Properties of Chitosan in Food Packaging Industries
	3.1.1.2.2 - Mechanisms of Chitosan Antimicrobial Activity


	3.1.2 - Protein-Based Nanocarriers
	3.1.2.1 - Zein
	3.1.2.1.1 - Fabrication Techniques to Prepare Zein Particles
	3.1.2.1.2 - Zein/Chitosan Complex Nanoparticles
	3.1.2.1.3 - Zein/Soy Protein Complex Microparticles
	3.1.2.1.4 - Zein/Gum Arabic Complex Nanoparticles

	3.1.2.2 - Whey Proteins


	3.2 - Synthetic Polymers
	3.2.1 - Poly (DL-lactide-co-glycolide; PLGA) Nanoparticles
	3.2.2 - Polylactic Acid (PLA)
	3.2.2.1 - Polylactic Acid (PLA) Nanoparticles in Food Industries
	3.2.2.2 - Modification of PLA



	4 - Conclusions
	References

	10 - Nanodelivery of nutrients for improved bioavailability
	1 - Introduction to Nanodelivery
	2 - Nutraceutical Bioavailability Classification Scheme (NuBACS)
	2.1 - Bioaccessibility (B)
	2.2 - Absorption (A)
	2.3 - Transformation (T)

	3 - Techniques for Nanoencapsulation of Nutrients
	3.1 - Emulsification
	3.2 - Emulsion-Solvent Evaporation Technique
	3.3 - Inclusion Complexation
	3.4 - Coacervation
	3.5 - Nanoprecipitation Technique
	3.6 - Electrospinning and Electrospraying Techniques
	3.7 - Supercritical Fluid Technique

	4 - Food Grade Nanodelivery Systems
	5 - Lipid-Based Delivery Systems
	5.1 - Nanoemulsions
	5.2 - Solid Lipid Nanoparticles
	5.3 - Nanostructured Lipid Carriers

	6 - Surfactant-Based Delivery Systems
	6.1 - Liposomes
	6.2 - Micelles
	6.3 - Microemulsions

	7 - Biopolymer-Based Delivery Systems
	7.1 - Molecular Complexes
	7.2 - Nanohydrogels

	8 - Mechanisms for Nutrient Bioavailability Enhancement with Nanoparticles
	8.1 - Human Anatomical and Physiological Considerations
	8.1.1 - Mouth
	8.1.2 - Stomach
	8.1.3 - Small Intestine
	8.1.4 - Large Intestine

	8.2 - Mechanisms of Nutrient Absorption from Nanodelivery Systems

	9 - Conclusions
	Acknowledgments
	References

	11 - Nanotechnology for enhanced bioactivity of bioactive phytomolecules
	1 - Introduction
	1.1 - Origin
	1.2 - Fundamental Concept
	1.3 - Health Benefits and Limitations of Phytochemicals

	2 - Biocompatible and Biodegradable Nanoparticles
	2.1 - Poly-D-L-Lactide-co-Glycolide (PLGA) Nanoparticles
	2.2 - Polylactic Acid (PLA)
	2.3 - Poly-ε-Caprolactone (PCL)
	2.4 - Chitosan
	2.5 - Gelatin
	2.6 - Poly-Alkyl-Cyano-Acrylates (PAC)
	2.7 - Liposomes
	2.8 - Emulsions and Microemulsions
	2.9 - Solid Lipid Nanoparticles (SLN) and Nanostructured Lipid Carriers (NLC)
	2.10 - Micelles

	3 - Application of Nanotechnology for Improvement in Physico-Chemical Characteristics and Bioactivities of Phytochemicals
	3.1 - (−)-Epigallocatechingallate (EGCG)
	3.2 - Quercetin
	3.3 - Resveratrol
	3.4 - Curcumin
	3.5 - Paclitaxel
	3.6 - Breviscapine
	3.7 - Triptolide
	3.8 - Naringenin
	3.9 - Silymarins
	3.10 - Genistein
	3.11 - Berberine
	3.12 - Camptothecin
	3.13 - Tetrandrine
	3.14 - Hypericin
	3.15 - Thymoquinone
	3.16 - Ginkgo biloba L.
	3.17 - Dodder
	3.18 - Centella asiatica
	3.19 - Artemissia annua
	3.20 - Salvia miltiorrhiza L.

	4 - Potential Challenges for Using Nanoparticles
	4.1 - Nanotechnology and Environment

	5 - Conclusions
	References

	12 - Vitamins and minerals fortification using nanotechnology: bioavailability and recommended daily allowances
	1 - Introduction
	1.1 - Micronutrients: Definitions, Types, Importance, Deficiency, Disorders
	1.2 - Macronutrients
	1.3 - Fortification: Definition, Importance, and Needs
	1.4 - Criteria of Fortification
	1.5 - Historical Perspective

	2 - Staple Foods to be Fortified
	2.1 - Staple Food: Definitions, Types
	2.2 - Commonly Fortified Food Products
	2.2.1 - Cereals and Cereal-Based Products
	2.2.2 - Milk and Milk Products
	2.2.3 - Fats and Oils
	2.2.4 - Accessory Food Items
	2.2.5 - Tea and Other Beverages
	2.2.6 - Infant Formula

	2.3 - Selection of Staple Food to be Fortified
	2.4 - Loss of Micronutrients During Processing of Food
	2.5 - Selection of Micronutrients to be Added

	3 - Properties of Vitamins to be Fortified
	3.1 - Vitamins
	3.1.1 - What are Vitamins?

	3.2 - Water-Soluble Vitamins
	3.2.1 - Thiamine (B1)
	3.2.2 - Riboflavin (B2)
	3.2.3 - Niacin (B3)
	3.2.4 - Pantothenic Acid (B5)
	3.2.5 - Pyridoxine (B6)
	3.2.6 - Biotin (B8)
	3.2.7 - Folic Acid (B9)
	3.2.8 - Cobalamine (B12)
	3.2.9 - Ascorbic Acid (C)

	3.3 - Fat-Soluble Vitamins
	3.3.1 - Retinol, β-Carotene (A)
	3.3.2 - Cholecalciferol (D)
	3.3.3 - Tocopherol (E)
	3.3.4 - Phylloquinones (K)


	4 - Properties of Minerals to be Fortified
	4.1 - Minerals
	4.2 - Major Minerals
	4.2.1 - Calcium
	4.2.2 - Magnesium
	4.2.3 - Phosphorous
	4.2.4 - Sodium
	4.2.5 - Potassium

	4.3 - Trace Minerals
	4.3.1 - Chromium
	4.3.2 - Copper
	4.3.3 - Fluoride
	4.3.4 - Iodine
	4.3.5 - Iron
	4.3.6 - Manganese
	4.3.7 - Molybdenum
	4.3.8 - Selenium
	4.3.9 - Zinc


	5 - Methods of Fortification
	5.1 - Encapsulation
	5.2 - Direct Addition

	6 - Development of Fortified Premixes
	6.1 - Fortified Premixes
	6.2 - Tips for Suitable Premix Selection
	6.3 - Methods of Adding the Premix/Fortificant into the Product
	6.4 - Fortificant Losses During Thermal Processing

	7 - Bioavailability, Advantages, and Toxicity of Nanoencapsulated Micronutrients
	7.1 - Bioavailability: Why Is It Important?
	7.2 - Bioavailability and Toxicity Studies of Encapsulated Micronutrients
	7.3 - Advantages of Nanoencapsulation

	8 - Quality Assurance (QA) and Quality Control (QC)
	8.1 - Definitions
	8.1.1 - Quality Assurance
	8.1.2 - Quality Control

	8.2 - Objectives of QA/QC
	8.3 - Analytical Testing
	8.3.1 - Qualitative Testing
	8.3.2 - Quantitative Testing

	8.4 - Sampling
	8.5 - Effects on Product Quality: Sensory Testing Including Color, Taste, Flavor, and Aroma

	9 - Conclusions and Perspective
	References

	13 - Adding biological function to nonbiological nanoparticles
	1 - Introduction
	2 - Drug Release and Loading Mechanisms
	3 - Stability of the Nanoparticles
	4 - Protein/Peptide-Based Drug Delivery Systems
	4.1 - Albumin
	4.2 - Food Proteins/Peptides
	4.2.1 - Nanoemulsions
	4.2.2 - Desolvation Methods
	4.2.3 - Nanomicelles

	4.3 - Bioactive Peptides
	4.4 - Proteins/Peptides–Polymer Conjugates
	4.4.1 - Passive Targeting Strategy
	4.4.2 - Active Targeting Strategy
	4.4.2.1 - EGF
	4.4.2.2 - Folate
	4.4.2.3 - Transferrin



	5 - Polysaccharides-Based Drug Delivery Systems
	5.1 - Chitosan
	5.1.1 - Covalent Cross-Linking
	5.1.2 - Ionic Cross-Linking
	5.1.3 - Polyelectrolyte Complexation (PEC)

	5.2 - Pectins
	5.3 - Cyclodextrins (CDs)
	5.4 - Starch
	5.5 - Bioactive Polysaccharides

	6 - Perspective
	References

	14 - Development of phenolic compounds encapsulation techniques as a major challenge for food industry and for health and nutrit...
	1 - Introduction
	2 - Sources and Classification of Phenolic Compounds
	2.1 - Flavonoids
	2.1.1 - Flavanones
	2.1.2 - Flavones
	2.1.3 - Flavonols
	2.1.4 - Anthocyanins
	2.1.5 - Flavanols

	2.2 - Nonflavonoids
	2.2.1 - Phenolic Acids
	2.2.2 - Stilbenes

	2.3 - Tannins

	3 - Phenolic Compounds in Human Nutrition
	3.1 - Nutritional Intake
	3.2 - Polyphenols and Health
	3.3 - Recommended Intake and Safety Use: A Double-Edge Sword
	3.4 - Some Remarks about Phenolic Compounds in Nutrition and Health

	4 - Improvement of Phenolic Availability for Nutrition and Health
	4.1 - Basic Conditions for Physiological Activity
	4.2 - Phenolic Compounds in the Field of Food Industry
	4.3 - Encapsulation Methods Applied to Phenolic Compounds
	4.4 - Some Remarks about Encapsulation

	5 - Conclusions
	Acknowledgments
	References

	15 - Role of nanotechnology in enhancing bioavailability and delivery of dietary factors
	1 - Introduction
	2 - Nanotechnology and Nutrient Delivery
	2.1 - Nanotechnology and Nanoscience
	2.1.1 - Current Scenario
	2.1.2 - Scope


	3 - Food Microstructure for Health
	3.1 - Bioavailability
	3.1.1 - Matrix Structure
	3.1.1.1 - Carotenoids
	3.1.1.2 - Polyphenols
	3.1.1.3 - Folates
	3.1.1.4 - Lycopene
	3.1.1.5 - Xanthophylls

	3.1.2 - Designed Matrices

	3.2 - Targeted Nutrient Delivery
	3.2.1 - Principles of Targeted Delivery
	3.2.2 - Micronutrient Stability and Bioavailability
	3.2.2.1 - Stability in Products
	3.2.2.2 - Bioavailability After Ingestion

	3.2.3 - Micronutrient Protection
	3.2.4 - Nutrient Release
	3.2.5 - Polymers Applied
	3.2.5.1 - Starch
	3.2.5.2 - Pectins
	3.2.5.3 - Chitosan
	3.2.5.4 - Alginates
	3.2.5.5 - Dextran
	3.2.5.6 - Inulin

	3.2.6 - Bioactive’s Delivery

	3.3 - Toxicity and Nanopathology
	3.3.1 - Nanopathology
	3.3.2 - Safety Risks and Issues
	3.3.3 - WHO’s Recommendations
	3.3.4 - FDA’s Recommendations
	3.3.5 - Research Perspectives


	4 - Opportunities for Nutrition and Health
	5 - Conclusions
	References

	16 - Enhanced nutrient delivery through nanoencapsulation techniques: the current trend in food Industry
	1 - Introduction
	2 - Nutrient Delivery Systems
	2.1 - Selection of Carrier Molecules
	2.1.1 - Food Grade Proteins
	2.1.2 - Carbohydrates
	2.1.3 - Lipids

	2.2 - Optimization of Process Variables

	3 - Digestion and Absorption of Nanoformulations
	4 - Testing the Efficacy of the Encapsulated Nutrients
	4.1 - In Vitro Release Kinetics
	4.2 - In Vivo Bioavailability of Active Ingredients (AI)

	5 - Targeted Delivery of Nutrients
	5.1 - Surface Functionalization of Nanoparticles
	5.1.1 - Folate Receptor (FR)
	5.1.2 - Transferrin Receptor (TfR)
	5.1.3 - Epidermal Growth Factor Receptor (EGFR)

	5.2 - Organ-Specific Delivery
	5.2.1 - Intestinal/Colonic Delivery Using Hydrogels
	5.2.2 - Colon-Specific Delivery
	5.2.3 - Transdermal Delivery
	5.2.4 - CNS Delivery

	5.3 - Subcellular Delivery
	5.3.1 - Endoplasmic Reticulum and Golgi Apparatus
	5.3.2 - Mitochondria
	5.3.3 - Nucleus


	6 - Nanostructures, a Class of Modified-Release Products
	7 - In Vitro–in Vivo Correlation (IVIVC)
	8 - Evaluation of Nanostructures in Food Matrices
	9 - Safety Assessment of Nanostructures in Food
	10 - Conclusions and Future Prospects
	References

	17 - Nutrient delivery through nanoencapsulation
	1 - Introduction
	1.1 - Importance of Nutrient Delivery
	1.2 - Features of a Good Delivery System
	1.3 - How Does Nanoencapsulation Help?

	2 - Delivery of Water Soluble Vitamins
	2.1 - Vitamins
	2.2 - Vitamin C Delivery in the Human Body
	2.3 - Impregnation of Vitamin C in Nanofibers
	2.4 - Vitamin B
	2.5 - Nanofiber Impregnation Technique for Vitamin B Complexes

	3 - Delivery of Fat Soluble Vitamins
	3.1 - Lipid Soluble Vitamins
	3.2 - Vitamin A
	3.3 - Vitamin D Encapsulation
	3.4 - Vitamin E Nanoencapsulation

	4 - Conclusions
	References

	18 - Colloidal systems: an excellent carrier for nutrient delivery
	1 - Introduction
	2 - Challenges Associated with Delivery of Nutrients
	3 - Colloidal Systems for Nutrient Delivery
	3.1 - Vesicular Systems
	3.1.1 - Liposomes
	3.1.2 - Niosomes
	3.1.3 - Organogels
	3.1.4 - Microemulsions
	3.1.5 - Multiple Emulsions

	3.2 - Particulate Systems
	3.2.1 - Microparticles
	3.2.2 - Nanoparticles
	3.2.3 - Self-Emulsifying Drug Delivery Systems
	3.2.4 - Micelles


	4 - Conclusions
	References

	19 - Supplementing selenium and zinc nanoparticles in ruminants for improving their bioavailability meat
	1 - Introduction
	2 - Digestive Function in Ruminants
	3 - Sources and Physiology of Selenium and Zinc in Ruminants
	3.1 - Physiology of Zinc
	3.2 - Physiology of Selenium

	4 - Deficiency of Zinc and Selenium in Humans
	5 - Selenium and Zinc in Muscle
	6 - Nanotechnology Applied to Animal Production
	6.1 - Spray Drying
	6.2 - Cooling Spray-Freeze
	6.3 - Fluidized Bed
	6.4 - Extrusion
	6.5 - The Coacervation

	7 - Polymers Used in the Formulation of Nanoparticles
	8 - Nanoparticles Characterization
	8.1 - Size of Particle
	8.2 - Identification and Morphology of the Mineral Nanoparticles with Scanning Electron Microscope and Transmission
	8.3 - Zeta Potential
	8.4 - Polidispersity Index
	8.5 - Precipitation of Nanoparticles Associated with the Polymer
	8.6 - Nanoparticles Passage Through the Intestinal Mucosa of Ruminants

	9 - Designing of Selenium and Zinc Nanoparticles: An Experience
	10 - Toxicity of Nanoparticles
	11 - Conclusions
	References

	20 - Lipids from oleaginous yeasts: production and encapsulation
	1 - Introduction
	2 - Microorganisms for Lipid Production
	2.1 - Yeasts

	3 - Composition of Fatty Acids in Microbial Lipids
	3.1 - Polyunsaturated Fatty Acids

	4 - Fermentation Conditions for SCO Production
	4.1 - Carbon Sources
	4.2 - Nitrogen Sources
	4.3 - C/N Ratio, DO, pH, Temperature, and Other Environmental Parameters

	5 - Bioresources Available for Lipid Production
	5.1 - Lignocellulose Feedstock

	6 - Stoichiometry of Carbon to Lipid Conversion
	7 - Mechanism of TAG Production in Oleaginous Yeast
	8 - Modes of Cultivation for Microbial Lipid Production
	8.1 - Batch Operation
	8.2 - Fed-Batch Operation
	8.3 - Repeated Fed-Batch Operation
	8.4 - Continuous Operation

	9 - Economics of Microbial Lipid Production
	10 - Downstream Process
	11 - Encapsulation
	12 - Future Perspectives
	13 - Conclusions
	References


