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			Preface

			This book deals with an important and most used way of food preservation, freezing. Freezing of food items which started originally with only fruits and vegetables has now reached to the freezing of most of the food items. This book will help students to understand the process of freezing in detail and learn about various marketing strategies and the effects of freezing on food items. This book also deals with the science of the freezing process and helps to understand the whole process from production to packaging and labeling. 
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			Chapter - 1	Introduction to Freezing

			1.1	Introduction

			Freezing is a simple and generally low-cost method of preserving food that can capture the flavor of fruits and vegetables at their peak. Like other methods of preservation, freezing extends access to seasonal produce, but unlike some methods, freezing conserves the original taste without the addition of sugar, salt, or microbial cultures, which would result in a change in taste.

			1.1.1	How Freezing Preserves Nutrients? 

			•	Storing food below 0°F helps to slow chemical and biological reactions that contribute to nutrient, flavor, and color degradation in fresh fruits and vegetables. Freezing produces quickly after harvest or purchase allows for optimal nutrient and quality preservation. 

			•	Freezing preserves food by slowing the growth of microorganisms that can lead to spoilage and possible foodborne illness. When food thaws, bacterial growth continues, so it is important to maintain proper freezing temperatures of 0°F or below. 

			•	Chemical compounds in fresh foods, called enzymes, start to impact nutrient value immediately after harvest. To preserve optimal nutrition, most vegetables should be blanched before freezing to inactivate enzymes. Blanching also helps to maintain flavor and color during storage.  

			

			•	• Some fruits also require treatment before freezing to inactivate enzymes. Fruits that tend to brown when cut, like apples and pears, should be treated with ascorbic acid or lemon juice to preserve color and nutrients.

			[image: Image result for freezing food]

			Fig 1.1: An image of Frozen Food

			Source: https://www.thespruceeats.com/thmb/RizfPEAJ_xlwvcqyz2n3VjgipUg=/960x0/filters:no_upscale():max_bytes(150000):strip_icc()/frozenveggiesbelchonock-a8f2210d6f09465783e13a1f1528b2b6.jpg

			1.2	Preserving Flavor and Texture of Frozen Foods

			1.2.1	Changes in Flavor and Odor Characteristics 

			Frozen foods can take on undesirable odors and flavors from other foods in the freezer. Avoid these changes by using air-tight storage containers and removing as much air as possible from containers or freezer bags before freezing. 

			

			1.2.2	Freezer Burn 

			Freezer burn also results when foods are exposed to air in the freezer. Air exposure oxidizes and dehydrates food resulting in dry and leathery areas. Prevent freezer burn by using air-tight storage containers and limiting space within freezer bags or containers (while leaving enough space for expansion during freezing). 

			[image: Image result for freezer burn]

			Fig 1.2: An image of freezer burn

			Source: https://reviewed-com-res.cloudinary.com/image/fetch/s--471J4Wub--/b_white,c_limit,cs_srgb,f_auto,fl_progressive.strip_profile,g_center,q_auto,w_792/https://reviewed-production.s3.amazonaws.com/attachment/f42a5f9747fd4aaf/Ziploc-freezer-frozen.jpg

			1.2.3	Texture 

			Texture changes often occur in frozen foods like fruits, vegetables, and fresh meats that contain large amounts of water. Ice crystals form as water freezes breaking through cell walls. When food is thawed, the punctured cells leak water resulting in a softer product. Textural changes can be minimized by reducing the time it takes to freeze food. When food is frozen rapidly, smaller ice crystals form, causing less damage to cell walls while slower freezing produces larger ice crystals and more damage to cell walls. Freezing foods in smaller batches allow quicker freezing and results in a higher quality product. 

			1.2.4	Thawing Frozen Foods 

			Thawing is an important step for both food safety and food quality. Frozen foods should be thawed in the refrigerator, in cold water, or a microwave oven, not at room temperature. Thawing foods should be kept at 40°F or below to inhibit microbial growth.

			[image: Image result for thawing food] 

			Fig 1.3: Thawing of frozen food

			Source: https://image.sciencenordic.com/1437289.jpg?imageId=1437289&width=480&height=274

			1.2.5	Refrigeration 

			It is the safest way to thaw frozen foods. Use a thermometer to ensure your refrigerator stays below 40°F. Small frozen items may thaw overnight, but larger items may take a few days. Place thawing foods in a pan or dish to catch drippings. 

			•	Cold Water can be used to thaw packaged foods safely if the water is changed every 30 minutes. 

			•	Use a microwave oven to thaw frozen foods only if you plan to consume or cook them right away. Microwaves can create hot spots that may fall within the temperature danger zone of 40°F140°F, where bacterial growth is accelerated.

			1.3	History of Freezing

			Of course, frozen food has always existed in climates that were cold enough for the food to freeze. Many people developed innovative food-freezing techniques, including Enoch Piper, William Davis, and Daniel E. Somes. However, Clarence Birdseye is credited with inventing in 1924 the quick freezing method, which produces the type of frozen foods that we know today.

			While working as a fur trader in Labrador, NF, Canada, Birdseye discovered that the fish that he and the local Inuit caught froze almost immediately after being pulled from the water. He was delighted to discover that the fish was just as delicious when thawed out months later. From this experience, he theorized that food must be frozen very quickly in order for it to retain its taste and texture.

			[image: https://www.loc.gov/static/managed-content/uploads/sites/16/2018/09/mrs-choate-in-freezer.jpg]

			Fig 1.4: Choate and her canned and frozen foods.

			Source: https://www.loc.gov/static/managed-content/uploads/sites/16/2018/09/mrs-choate-in-freezer.jpg

			

			Birdseye was right. Before quick-freezing came along, foods were frozen at a fairly slow rate. This caused large ice crystals to form, which ruptured the cell membranes of the food. When the food was defrosted, the ice crystals melted and water would leak out, taking with it the food’s flavor and texture.

			Birdseye developed two methods for quick freezing foods, both of which employed the innovation of packaging the food beforehand. In the first technique, the package was held between two metal belts that were chilled to -40°F to -45°F using a calcium chloride solution.

			[image: https://www.loc.gov/static/managed-content/uploads/sites/16/2018/09/broadway-frozen-foods.jpg]

			Fig 1.5: Frozen Food Lockers, San Antonio, Texas.

			Source: https://www.loc.gov/static/managed-content/uploads/sites/16/2018/09/broadway-frozen-foods.jpg

			In the second and more popular technique, the packaged food was held under pressure between two hollow metal plates that were chilled to -25°F by the evaporation of ammonia. Using this method, a two-inch-thick package of meat could be frozen to 0°F in about 90 minutes, while fruits and vegetables took about 30 minutes.

			

			Birdseye’s quick-freezing process ended up creating 168 patents! These covered not only the freezing technique but also the packaging, type of paper used, and related innovations.

			[image: https://www.loc.gov/static/managed-content/uploads/sites/16/2018/09/war-freezer-rations.jpg]

			Fig 1.6: While mother keeps handy her war ration book two, daughter examines the frozen foods which require removal of point stamps.

			Source: https://www.loc.gov/static/managed-content/uploads/sites/16/2018/09/war-freezer-rations.jpg

			1.4	Importance of Freezing

			Freezing preservation retains the quality of agricultural products over long storage periods. As a method of long-term preservation for fruits and vegetables, freezing is generally regarded as superior to canning and dehydration, for retention in sensory attributes and nutritive properties. The safety and nutrition quality of frozen products is emphasized when high-quality raw materials are used, good manufacturing practices are employed in the preservation process, and the products are kept under specified temperatures.

			

			Freezing has been successfully employed for the long-term preservation of many foods, providing a significantly extended shelf life. The process involves lowering the product temperature generally to -18 °C or below. The physical state of food material is changed when energy is removed by cooling below the freezing temperature. The extreme cold simply retards the growth of microorganisms and slows down the chemical changes that affect the quality or cause food to spoil.

			Competing with new technologies of minimal processing of foods, industrial freezing is the most satisfactory method for preserving quality during long storage periods. When compared in terms of energy use, cost, and product quality, freezing requires the shortest processing time. Any other conventional method of preservation focused on fruits and vegetables, including dehydration and canning, requires less energy when compared with energy consumption in the freezing process and storage. However, when the overall cost is estimated, freezing costs can be kept as low (or lower) as any other method of food preservation.

			[image: Image result for importance of freezing of food]

			Fig 1.7: Frozen Food

			Source: https://upload.wikimedia.org/wikipedia/commons/5/50/Superstorewinkler4.JPG

			

			Current status of the frozen food industry in the U.S. and other countries

			The frozen food market is one of the largest and most dynamic sectors of the food industry. Despite the considerable competition between the frozen food industry and other sectors, extensive quantities of frozen foods are being consumed all over the world. The industry has recently grown to a value of over US$ 75 billion in the U.S. and Europe combined. This number reached US$ 27.3 billion in 2001 for total retail sales of frozen foods in the U.S. alone. In Europe, based on U.S. currency, frozen food consumption also reached 11.1 million tons in 13 countries in the year 2000. 

			Advantages of freezing technology in developing countries

			Developed countries, mostly the U.S., dominate the international trade of fruits and vegetables. The U.S. is ranked number one as both importer and exporter, accounting for the highest percent of fresh produce in world trade. However, many developing countries still lead to the export of fresh, exotic fruits and vegetables to developed countries.
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