	Food Technology                    Chapter 3: Modern food biotechnology, health, and development.



3.1. Definition
Food biotechnology refers to the application of biological systems, living organisms, or their derivatives, particularly through modern techniques such as genetic engineering, molecular biology, and enzyme technology, to develop, improve, and produce food products and processes, including large-scale industrial applications such as fermentation and novel ingredient production.
3.2. Importance of Food Biotechnology 
Food biotechnology plays a crucial role in addressing global challenges and improving our food systems in numerous ways: 
· Increased Food Production and Security;
·  Improved Nutritional Value;
·  Enhanced Food Safety;
·  Extended Shelf Life;
·  Sustainable Agriculture;
·  Development of Functional Foods;
·  Economic Benefits;
·  Adaptation to Climate Change.
3.3. Applications of Biotechnology in Food processing
Biotechnology improves food processing through the use of microorganisms and enzymes to enhance product quality, safety, and efficiency. It enables the development of improved flavors, textures, and functional properties, as well as the use of natural additives and processing aids, contributing to safer and higher-quality food products.
3.3.1. Fermentation Technology 
Biotechnology enables controlled fermentation processes to produce foods, beverages, and additives. Microorganisms are used to transform raw materials into valuable products. 
Applications: 
·  Dairy products: Yogurt, cheese, kefir (using Lactic Acid Bacteria). 
·  Alcoholic beverages: Beer, wine, spirits (using Saccharomyces cerevisiae). 
·  Soy products: Soy sauce, miso, tempeh (using Aspergillus, Rhizopus). 
·  Vinegar production: Oxidative fermentation by Acetobacter. 
·  Bread and bakery: Leavening via yeast fermentation. 
3.3.2. Production of Enzymes 
Biotechnologically produced enzymes improve efficiency and quality in food processing. 
Examples: 
·  Amylases: Starch conversion in bread, beer, and sugar syrups. 
·  Proteases: Tenderization of meat, cheese production (rennet). 
·  Lipases: Flavor enhancement in cheese and dairy products. 
·  Pectinases: Juice clarification and extraction. 
·  Cellulases: Improving fruit juice yield and texture in plant-based foods. 
3.3.3. Food Additives and Biopreservatives 
Microbial biotechnology produces natural additives that improve shelf life, flavor, and texture. 
Applications: 
·  Organic acids: Lactic acid, citric acid, acetic acid as preservatives and flavor enhancers. 
·  Exopolysaccharides: Improve texture in yogurt and desserts. 
·  Natural sweeteners: Xylitol, mannitol, stevia enhancement via microbial pathways. 
·  Biopreservatives: Nisin and natamycin to prevent spoilage. 
3.3.4. Functional Foods and Nutraceuticals 
Biotechnology allows the production of foods with health-promoting benefits. 
Applications: 
·  Probiotics: Lactobacillus and Bifidobacterium in yogurts and drinks. 
·  Prebiotics: Fructooligosaccharides (FOS) and inulin for gut health. 
·  Biofortified foods: Vitamin-enriched or mineral-enhanced crops via microbial fermentation. 
·  Omega-3 fatty acids: Production from microalgae for functional foods. 
3.3.5. Food Safety and Quality Control 
Biotechnology tools improve detection of contaminants and pathogens. 
Applications: 
·  Biosensors for detecting pathogens or toxins in food. 
·  PCR and ELISA techniques for identifying microbial contamination. 
·  Microbial starter cultures ensure consistent and safe fermentation. 
3.3.6. Bioprocessing of Raw Materials 
Biotechnology optimizes raw materials to improve food production efficiency. 

Applications: 
·  Starch modification: Enzymatic conversion for syrups and sweeteners. 
·  Protein hydrolysis: Production of flavor enhancers or hypoallergenic proteins. 
·  Waste valorization: Fermentation of by-products into bioethanol, organic acids, or   animal feed.
G. Genetically Engineered Microorganisms 
Recombinant DNA technology creates microorganisms that produce specific food ingredients. 
Applications: 
·  Recombinant chymosin for cheese making (alternative to calf rennet). 
·  Microbial production of vitamins: e.g., B12, riboflavin, vitamin C. 
·  Enhanced fermentation strains: Faster or more efficient production of alcohol, acids, or enzymes. 
3.4. Definition of GMO: A genetically modified organism (GMO) is any organism, with the exception of human beings, in which the genetic material has been altered in a way that does not occur naturally through mating and/or natural recombination.
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