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ABSTRACT
Food preservation is a crucial aspect of modern food production and distribution, aimed at maintaining food quality and maximizing nutritional benefits. This process involves a variety of techniques, including growing, harvesting, processing, packaging, and distribution, all of which contribute to extending the shelf life of food items. The main goals of food preservation are to provide value-added products, offer dietary variety, and address issues related to improper agricultural planning. However, food deterioration can result from numerous chemical and biological interactions. Traditional food preservation methods, such as drying, chilling, freezing, and pasteurization, have been employed for ages to prevent both chemical and microbiological spoilage. These methods have evolved into a highly interdisciplinary field, with advancements in technology leading to more sophisticated preservation techniques. Cutting-edge technologies, such as irradiation, high pressure processing, and nanotechnology, are now utilized to preserve food items and ensure food safety. We also discuss the factors contributing to food spoilage, including physical, chemical, and microbial factors, in different food categories. We also discuss the factors contributing to food spoilage, including physical, chemical, and microbial factors, in different food categories.
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1. INTRODUCTION
Food spoilage is a natural and inevitable process that occurs when food undergoes a frightful change or leaving from its actual state, rendering it unfit for consumption. This transformation is detectable through our sensation of fragnance, flavour, contact, or eyesight. The variation in foods are influenced by its composition and the presence of microorganisms, which initiate chemical reactions during their metabolic activities as they grow within the food. Consuming spoiled food can result in various health risks and, in severe cases, even lead to fatal consequences. Food spoilage can arise from physical, microbiological, or chemical processes, which makes understanding and addressing these factors essential in preserving food quality and safety.
Physical spoilage is one of the primary causes of food deterioration, resulting from tangible deterioration to the foodstuffs during collecting, processing, or delivery. Such damage exposes  food to the risk of chemical or bacteriological decay and decomposing, as microorganisms can more easily penetrate the compromised outer layer of the food. For instance, the puncture of an apple's skin can expedite its rotting process. Key elements influencing physical spoilage include vapour content, warmth, Tg, crystal development, and crystallization.

Vapour content significantly impacts physical spoilage of food by creating an environment conducive to microbial growth. Excess moisture fosters the proliferation of mold, bacteria, and yeast, leading to changes in texture, off-flavours, and discoloration. Furthermore, moisture can promote enzymatic reactions, resulting in rancidity and nutrient degradation. Proper moisture control through suitable packaging, storage conditions, and preservation methods is critical to extending the life span of food substances and ensuring their grade and protection.

Temperature plays a crucial role in physical spoilage. Higher temperatures accelerate microbial growth and enzymatic reactions, causing changes in texture, colour, and taste. Conversely, lower temperatures slow down microbial activity, thereby extending the food's shelf life. Maintaining proper temperature control during storage and transportation is vital to minimize physical spoilage and ensure food safety and quality for consumption.

Glass transient temperature, or rapid temperature fluctuations, can exert mechanical stress on food packaging, compromising its integrity and allowing air and contaminants to enter, thus accelerating spoilage. Extreme temperature changes might even lead to glass breakage, further exposing the food to environmental hazards. Proper temperature control during storage and handling is crucial to preserving the integrity of glass packaging.

Crystal growth and crystallization can result in food deterioration, particularly during chilling. Foods which  are continously or slowly frozen exprience significant damage due to crystal development, leading to extracellular ice accumulation. In contrast, foods rapidly frozen have ice forming inside their cells, rendering them more stable. Employing emulsifiers and water-binding agents during chilling cycles can decrease the development of large ice crystals. In other cases, sugar crystallization can cause various food items, such as sugar cookies and ice cream, to become grainy. To prevent crystallization, fruit sugar or starch can mixed to sugar solution.

Understanding and addressing these physical spoilage factors are crucial for optimizing food preservation methods and minimizing food waste. By implementing appropriate storage conditions, packaging materials, and handling practices, we can increase the validation of perishable good, enhance food safety, and promote sustainable practices in the food industry. Additionally, continuous research and innovation in food preservation technologies will play a significant role in addressing these challenges and ensuring a stable and resilient food supply for present and future generations.
2. FOOD SPOILAGE

Food spoilage is an unfavourable change or variation from the natural state of the food. Smell, taste, touch, or vision are some of the modalities that can pick up on such a change. Food changes happen from chemical reactions linked to the metabolic activities of microbes as they develop in the food and depend on the food's composition and the bacteria it contains. Consuming rotten food increases your risk of getting sick and, in the worst situation, dying. A number of physical, microbiological, or chemical mechanisms can cause food to deteriorate. Physical, microbiological, and chemical rotting are the different types of food spoilage. They are described below: 
2.1 PHYSICAL SPOILAGE 

When food is physically harmed during production, processing, or transportation, physical spoiling results. The food's protective outer layer is bruised or fractured in the damage, making it easier for microorganisms to access the food and increasing the likelihood of chemical or microbial deterioration and contamination. For instance, you may have seen that an apple rots more quickly when the peel is injured. The primary factors affecting physical deterioration are moisture content, temperature, glass transient temperature, crystal development, and crystallisation.
· MOISTURE CONTENT: Moisture content significantly influences the physical spoilage of food. Elevated moisture levels create a conducive environment for microbial growth, accelerating spoilage. Excess moisture can lead to the proliferation of mold, bacteria, and yeast, resulting in texture changes, off-flavours, and discoloration. Furthermore, moisture promotes enzymatic reactions, causing rancidity and degradation of nutrients. Proper moisture control through appropriate packaging, storage conditions, and preservation methods is crucial to extend the shelf life of food products and ensure their quality and safety. foods have a water activity of 1 at room temperature, compared to 0.82 and 0.68 at 20 and 40 °C, respectively.

· TEMPERATURE: Temperature plays a crucial role in the physical spoilage of food. Higher temperatures accelerate microbial growth, leading to increased spoilage rates. Enzymatic reactions are also accelerated, causing changes in texture, colour, and taste. Conversely, lower temperatures slow down microbial activity, extending the food's shelf life. Foods that are prone to freeze damage may suffer unfavorable effects as a result of low temperatures. Food items become damaged when their cells break when partly frozen at lower temperatures. Proper temperature control during storage and transportation is essential to minimize physical spoilage, ensuring food safety and quality for consumption. The majority of tropical vegetables and fruits are vulnerable to damage from chilling. This often happens between 5 and 15 °C prior to the food product starting to freeze.
· GLASS TRANSIENT TEMPERATURE: Glass expands and contracts quickly as a result of temperature changes, putting mechanical strain on food packing. The integrity of the seal may be compromised by this tension, allowing air and pollutants to enter and hastening deterioration. Extreme temperature swings may also cause glass to shatter, revealing the food to additional environmental dangers. For glass packaging to remain intact during handling and storage, proper temperature regulation is crucial. Food physical stability and glass transition temperature are related. The transition temperature of glass, or Tg, is significantly influenced by the amount of moisture and other plasticizers present. Dry food products that are kept in excessively humid surroundings change because of the glass transition phenomena.
· CRYSTAL GROWTH AND CRYSTALLIZATION: Freezing can also cause food to deteriorate. Crystal formation causes severe problems for foods that are gently frozen or frozen repeatedly. They have a large buildup of extracellular ice. Because ice forms inside the food cells during rapid freezing, these foods are more stable than prepared meals that are frozen slowly. During freezing cycles, emulsifiers and other water-binding agents can be used to lessen the formation of large ice crystals. Ice cream, candies, and sugar biscuits all become gritty as a result of sugar crystallisation. Sugar solutions can be fortified with starch or fructose to avoid crystallisation.
2.2 MICROBIAL SPOILAGE

Microbial spoilage is the term used to describe food deterioration caused by bacteria and fungus (moulds, yeasts). Furthermore, it is the principal cause of foodborne diseases. Mould and yeast growth is what causes food to spoil when it develops a fuzzy growth, becomes squishy, and smells foul. Most bacterial growth can be slowed or prevented by altering storage temperature, lowering pH, reducing water activity, using preservatives, and using the right packing.
2.2.1 FACTORS AFFECTING MICROBIAL SPOILAGE
Both intrinsic and extrinsic factors might have an impact on food microbiological degradation. The foods' inherent characteristics, which also have an effect on the type and rate of microbial deterioration, are what determine the foods' expected shelf life or perishability. The temperature, water content, the pH value, oxygen availability, & the existence of preservatives are merely a few of the variables. Intrinsic elements such as nutrient content and water activity also play significant impacts. Microbial development is also impacted by extrinsic variables like as packing and storage conditions.
2.3 CHEMICAL SPOILAGE
Foods naturally go through biological and chemical procedures that produce undesirable sensory results.  Foods are at their best when they are fresh, but once the vegetables and fruits are picked or after animals are killed, chemical changes start to happen naturally inside the food, which lowers its quality. As foods deteriorate and turn rancid, which causes them to smell foul, natural enzymes in the food induce significant chemical changes.Autolysis: Every living organism uses specialized proteins called enzymes to drive the chemical reactions in its cells. After death, enzymes play a role in the decomposition of once-living tissue, in a process called autolysis (self-destruction) or enzymic spoilage.
· Oxidation: Amino acids react with oxygen to produce ammonia and organic acid. Freshly fish and meat that are stored in the refrigerator generally deteriorate in this manner. "Rancidification," also known as lipid oxidation, is the result of the unsaturated fats (lipids) interacting with oxygen. Rancidification is often initiated by an accumulation of metal oxides, and contact to light quickens the process. This process produces carbonyl compounds, which are responsible for the sour flavour of food.
· Proteolysis: Essential nutrients, flavouring agents, and texture-modifying proteins are degraded as a result of the enzymatic breakdown of proteins by endogenous or microbial proteases.
· Hydrolytic rancidity: Lipids are damaged by lipolytic enzymes as a result of hydrolytic rancidity, which causes the development of off-flavors, loss of nutritional content, and unwanted changes in the texture of the food. Water aids in the separation of free fatty acids from triglyceride molecules during this process. These free fatty acids have a bad odour or taste.
3. STORAGE FOR VARIOUS FOODS
Storage for various food is essential to keep food safe and to extend its shelf life. Proper storage is key to maintaining the flavour, texture, and nutritional value of food. This can be achieved through proper temperature and humidity levels and by using the right type of containers. Refrigerators, freezers, pantries, and coolers are all great ways to store food safely and prevent spoilage. Depending on the type of food, different storage techniques may be used. For instance, fruits and vegetables need to be stored in a chill, non-moisture, and dark place while dairy products and meats should be kept in the refrigerator. Using airtight containers or vacuum-sealed bags also helps to keep food fresher for longer periods of time. Proper storage is one of the best ways to reduce food waste and ensure quality ingredients for meals. The methods employed for food storage are different depending on the food type.

3.1 When it storing various types of food, like meat, poultry, fish, and eggs, it is essential to follow proper guidelines to ensure food safety and maintain its quality. Here are some tips for storing these food items:

i. Meat: Uncooked meat should always  stored inside refrigerator at a temperature below 4°C to stop the development of bacteria. It is best to keep the meat in its original packaging, which is usually designed to maintain freshness. If the original packaging is damaged or not suitable for long-term storage, transfer the meat to airtight containers or wrap it tightly with plastic wrap or aluminium foil. Place it on the bottom shelf of the refrigerator to prevent any potential cross-contamination.
ii. Poultry: Similar to meat, raw poultry should be kept in fridge at a temperature below  4°C. Keep the poultry in its actual packaging or repackage it if necessary. It is important to always store poultry below other foods to prevent any juices from dripping onto other items and causing contamination. If you plan to store poultry for an extended period, consider freezing it to maintain its quality.
iii. Fish: Fresh fish should be used as soon as possible. Ideally, fish should be consumed within a day or two of purchase. If you need to store it for a longer period, place the fish in airproof box or buckle it solidly in plastic wrap or aluminium foil. Store it in the coldest part of the refrigerator, usually the lower shelf or the seafood compartment. However, if you have frozen fish, keep it in the freezer until you are ready to thaw and cook it.
iv. Eggs: Eggs should be stored in their original cartons in the refrigerator. The carton helps to protect them from absorbing odours and flavours from other foods in the fridge. Avoid storing eggs in the refrigerator door as the temperature fluctuates more frequently there. Additionally, it is recommended to keep eggs away from strong-smelling foods as they can absorb these odours. Remember that eggs have a shelf life, so always check the expiration date before consuming. 
3.2 While storing fresh fruits and vegetables, it’s important to consider their individual requirements to maintain their freshness and quality. Here are some tips for storing different types of fruits and vegetables:
i. FRESH FRUIT: 
a. Citrus Fruits (e.g., oranges, lemons, grapefruits): Store them at room temperature if you plan to consume them within a week. If you want to extend their shelf life, refrigerate them. 
b. Berries (e.g., strawberries, raspberries, blueberries): Store them in the refrigerator, preferably in a breathable container or with a paper towel to absorb excess moisture.
c. Apples and Pears: Keep them in a chill, non-wet place away from direct sunlight. If you find any bruises or damaged spots, separate those fruits from the rest to prevent them from spoiling the others.
d. Bananas: Keep them at room temperature, but separate them from other fruits as they release ethylene gas, which can speed up the ripening process of nearby fruits.

ii. Fresh Vegetables:

a. Leafy Greens (e.g., lettuce, spinach, kale): Remove any damaged or wilted leaves, wash and dry them thoroughly, then store in a breathable bag or container in refrigerator.
b. Root Vegetables (e.g., carrots, potatoes, onions): Keep them away from sunshine and moisture in an area that’s cool, dark, and dry.Ensure proper ventilation to prevent them from sprouting or rotting.

c.  Tomatoes: Keep them at room temperature, away from direct sunlight. If they are very ripe, refrigerate them to slow down the ripening process and extend their shelf life.
d. Cucumbers and Bell Peppers: Store them in the refrigerator’s crisper drawer to maintain their crispness and freshness.
GENERAL TIPS FOR STORING FRESH FOOD:
· Keep fruits and vegetables separate, as some fruits release ethylene gas, which can accelerate the ripening and spoilage of nearby vegetables.
· Avoid washing fruits and vegetables before storing them, as moisture can lead to quicker spoilage.

· Regularly check your stored produce and remove any spoiled or damaged items to prevent them from contaminating the rest.

· Remember to always follow the specific storage instructions provided for each fruit or vegetable, as they may have unique requirements.Your fresh fruits and veggies will last longer and be of higher quality if you store them properly.

3.3  When it comes to storing dairy product. It is crucial to take into account the unique needs of each type of dairy product while preserving it. Here are some tips for proper storage:
a. Milk Milk must be kept in the refrigerator at or below 40°F (4°C) in temperature. Keep it in its original container and make sure to tightly close the lid after each use to prevent odours from seeping in. It is best to store milk on a shelf rather than the refrigerator door, as the temperature is more consistent on the shelf.

b. Cheese: Different types of cheese have different storage requirements. Soft cheeses like Brie or Camembert should be stored in their original packaging and placed in the refrigerator. Hard cheeses like Cheddar or Parmesan should be wrapped tightly in wax paper or plastic wrap to prevent them from drying out. For both soft and hard cheeses, it is important to keep them away from strong-smelling foods as they can absorb odors easily.
c. Yogurt: : Yogurt should be kept in the refrigerator at a temperature of no higher than 40°F (4°C), much like milk. Keep it in the container it came in, and make sure the lid is securely shut. Yogurt can also be stored in the freezer if you want to extend its shelf life, but be aware that it may change in texture once thawed.

d. Butter: While butter that has already been opened can be kept at room temperature for a brief amount of time, usually up to two weeks, unopened butter should be kept in the refrigerator. If your kitchen tends to be warm, it is safer to store opened butter in the refrigerator to prevent it from going rancid. If you prefer to keep it at room temperature, use a butter dish with a lid or cover it with foil to protect it from air exposure.

e. Sour Cream: Sour cream should be stored in the refrigerator at a temperature of around 40°F (4°C) or below. Keep it in its original container and ensure that the lid is tightly closed. It is important to check the expiration date and use it within that timeframe.

Note: Always remember to check the expiration dates on dairy products and to throw away any that have done soor show signs of spoilage such as off-smells or mold. By following these storage guidelines, you can help maintain the quality and freshness of your dairy products.
3.4 When it comes to storing different kinds of food cereal, rice, bread, and flour, it is important to consider the best storage methods to maintain their freshness and prevent spoilage. Here are some tips for storing each of these food items:
i. Cereal
a.  Keep cereal in its original packaging or transfer it to an airtight container to maintain freshness and prevent moisture exposure.
b. Keep cereal out of direct sunlight in a cool, dry area.

c. Avoid keeping cereal near strong odors as it can absorb them and affect the flavour.
d.  Use airtight containers or resealable bags for opened boxes of cereal to preserve its crunchiness.
ii. Rice:

a. Store rice in airtight containers or resealable bags to keep moisture out and prevent pests from infesting it.
b. Keep rice in a cool and dry place, away from heat and sunlight.

c. Consider using opaque containers to protect rice from light exposure, as light can degrade its quality over time.

d. Avoid storing rice near strong-smelling items as it can absorb odors.
iii. Bread:

a. Store bread in airtight bags or containers to retain moisture and prevent it from becoming stale.

b. Keep bread in a cool and dry place, such as a bread box or pantry

c. Avoid refrigerating bread, as it can make it go stale faster.

d. If you prefer to freeze bread for longer-term storage, It should be carefully wrapped in foil or plastic wrap before going into a freezer bag.

iv. Flour:
a. Store flour in airtight containers or resealable bags to protect it from moisture and pests.

b. Keep flour in a cool, dry location away from the sun and heat.

c. Consider using opaque containers to shield flour from light exposure.

d. If you buy flour in bulk, consider dividing it into smaller portions and storing them separately to prevent frequent exposure to air and moisture

4 PRESERVATIVES
Preservatives are compounds that are added to food to stop it from spoiling, keep it fresh, and lengthen its shelf life.They aid in preventing the development of germs, yeast, and moulds, which can lead to foodborne illnesses. Preservatives can be natural or synthetic and come in various forms, including salts, acids, antioxidants, and antimicrobial agents. Examples of commonly used preservatives include sodium benzoate, potassium sorbet, citric acid, ascorbic acid (vitamin C), and nitrates/nitrites.
4.1  FUNCTION OF PRESERVATIVES 
Preservatives play a crucial role in food storage by preventing the growth of microorganisms, slowing down the spoilage process, and extending the shelf life of food products. Here are some specific functions of preservatives:
i. Inhibiting microbial growth: Preservatives such as benzoates, sorbets, and propionates work by inhibiting the growth of bacteria, yeast, and moulds that cause food spoilage. They produce an environment that is unsuitable for microbial growth, preventing contamination and preserving the quality and safety of the food.
ii. Preventing enzymatic reactions: Enzymes naturally present in food can cause deterioration and spoilage. Preservatives like citric acid, ascorbic acid, and sulfites inhibit enzymatic reactions, slowing down the process of browning, flavor changes, and texture degradation.
iii. Preventing oxidation:Oxidation is a chemical reaction that causes rancidity and fermentation of fats and oils in food. Antioxidant preservatives, such as vitamin E, BHA (butylated hydroxyanisole), and BHT (butylated hydroxytoluene), help prevent oxidation and extend the shelf life of various food products.
iv. Controlling pH: The pH of the food can be controlled by several preservatives, such as acetic acid and phosphoric acid, to create an acidic environment that prevents the growth of germs.This is particularly effective in items like pickles and canned goods.
v. Inactivating enzymes and pathogens: Preservatives like sodium nitrite and nitrate have antimicrobial properties that can inactivate harmful bacteria and pathogens, such as Clostridium botulinum, which causes botulism.
Overall, preservatives play a crucial role in food storage by preventing spoilage, maintaining food quality, extending shelf life, and ensuring food safety. They help reduce food waste and enable consumers to enjoy safe and fresh food for a longer period
5 TRADITIONAL METHODS OF FOOD PRESERVATION
For ages, people have used conventional food preservation techniques to extend the shelf life of perishable foods . Some common traditional methods include canning and bottling, drying and dehydration, fermentation and pickling, and salting and curing.
5.1  CANNING AND BOTTLING 
In order to sterilize food by killing germs and other microorganisms, canning and bottling entail sealing food in airtight jars or cans. This method helps to preserve fruits, vegetables, jams, sauces, and even meats. The process typically involves filling the jars with food, adding a preservative solution, and then sealing and processing them in boiling water or pressure canners.
5.2  DRYING AND DEHYDRATION 
Drying and dehydration involve removing moisture from food, inhibiting the growth of microorganisms and enzymes that cause spoilage. This method is commonly used for fruits, vegetables, herbs, and meats. Air drying, sun drying, and using specialized dehydrators are the primary techniques used. The low moisture content in dried foods makes them lightweight, easy to store, and ideal for long-term preservation.
5.3  FERMENTATION AND PICKLING 
Are traditional methods that rely on the action of beneficial bacteria and yeasts to transform food. Fermentation involves allowing natural or added microorganisms to break down sugars and produce acids, alcohol, or gases, which act as preservatives. Examples include sauerkraut, kimchi, yogurt, and sourdough bread. Pickling involves soaking food in brine or vinegar solutions, which create an acidic environment that inhibits bacterial growth. Pickled vegetables, fruits, and even meats are popular examples.
5.4  SALTING AND CURING 
Salting and Curing are methods that involve treating food with salt to draw out moisture and create an inhospitable environment for bacteria. This method has been used throughout history to preserve meats, such as bacon, ham, and various types of fish. Curing often involves combining salt with other ingredients like sugar, spices, and nitrates to enhance flavor and preservation.

Traditional methods still hold great impact in food preservation despite the emergence of modern methods. Many at times, they are used in conjunction with modern preservation techniques. They not only extend the shelf life of food but also enhance flavors and provide unique culinary experiences.
6  MODERN TECHNIQUES OF FOOD PRESERVATION
6.1  Refrigeration and Freezing

Refrigeration and freezing, two of the most popular techniques, entail keeping food at low temperatures to inhibit the growth of bacteria and enzymes that cause deterioration. Refrigeration preserves perishable items for a short period, while freezing extends shelf life for months or even years.

6.2  MODIFIED ATMOSPHERE PACKAGING (MAP)
 Using this method, the air surrounding the food product is altered to lengthen its shelf life. Nitrogen, carbon dioxide, and oxygen concentrations can all be changed., MAP inhibits the growth of spoilage-causing microorganisms. It is commonly used for packaging fresh fruits, vegetables, and meat products.
6.3 HIGH-PRESSURE PROCESSING (HPP):
Using high-pressure water to inactivate bacteria, HPP is a non-thermal preservation technique. This process maintains the nutritional quality and sensory attributes of food while extending its shelf life. It is widely employed in the production of juices, meats, and ready-to-eat meals.
6.4  IRRADIATION
Ionizing radiation, such as gamma rays, X-rays, or electron beams, are used to irradiate food products. This process destroys microorganisms, insects, and parasites, extending shelf life and ensuring food safety. Commonly treated products include spices, fruits, vegetables, and meat.

6.5  PASTEURIZATION
Pasteurization is a heat-treatment technique that eliminates or renders inert certain foods’ potentially hazardous microbes without adversely affecting the foods’ flavour or nutritional content. It is commonly used for milk, juices, and other beverages to ensure product safety.

Each of these techniques offers unique benefits in terms of food preservation, safety, and quality. It is crucial to properly take into account the unique requirements of various food products. and select the most suitable preservation method accordingly.

7 CHALLENGES IN FOOD STORAGE AND PRESERVATION
7.1  Food spoilage and waste: 
The impact of this problem on individuals and the food & beverage business is significant. The quality of food deteriorates, becoming unfit for consumption as a result of variables like exposure to the air, temperature changes, and microbial growth. This is known as spoilage. When edible products are wasted through the chain of distribution because of poor preservation, there is food waste. Resources are being wasted, and this has negative economic, environmental, and societal effects like greenhouse gas emissions. Utilising efficient preservation methods like freezing, canning, drying, and refrigeration as well as adequate inventory management and customer instruction on food preservation and handling are all necessary to address these problems.
7.2 IMPACT ON GLOBAL HUNGER AND RESOURCE UTILIZATION CLIMATE CHANGE AND ITS EFFECTS: 
The difficulties with food preservation and storage have a big impact on world hunger. Storage methods that are inadequate or ineffective can result in significant post-harvest losses, depriving populations of vital food sources. These losses worsen the problem in poor nations where there is already a difficulty with food security since a large amount of the cultivated crops are lost before reaching consumers. We can decrease food waste and increase the availability of wholesome food by improving storage techniques including cold storage, drying, and canning. This will help to alleviate world hunger.
a. Optimising resource use requires effective food preservation and storage. Significant resources are needed for agriculture, including land, water, and energy. Poor storage procedures often result in food loss or spoilage, which basically wastes all the resources used to raise, gather, and prepare the food. We can make sure that the resources that are used in the production of food are not wasted by investing in better distribution and storage systems, which will support agricultural sustainability and resource efficiency.
b. Additional difficulties with food preservation and storage are brought on by climate change. The behaviour of pests and pathogens can change as a result of rising temperatures and changing weather patterns, which can shorten the validation period of food goods. Extreme weather conditions, like hurricane or floods, can sabotage supply lines, harm storage facilities, and result in further losses. Furthermore, to maintain the quality and safety of food, changing climatic circumstances could call for modifications to storage methods. In order to maintain adequate supply of food in the midst of environmental problems, it is essential to address the changing climate through ethical practises and resilient storage systems.
7.3 ADAPTING PRESERVATION TECHNIQUES TO CHANGING ENVIRONMENTS
The food sector must modify preservation methods to protect food goods as the environment changes globally. Traditional techniques are impacted by changes in temperature, humidity, and natural catastrophes. Innovative technologies are investigated by researchers, including better packaging, changed atmospheres, and controlled storage. Due to their effectiveness, sustainable techniques including drying, fermenting, and pickling are becoming more popular. Systems for real-time monitoring allow adjustments to be made to maintain food quality. Understanding geographical patterns, infrastructure, and customer preferences is necessary for adapting strategies. In order to create and implement efficient preservation techniques, ensure food security, and reduce waste in a changing environment, collaboration among stakeholders is crucial.
7.4  CHEMICAL PRESERVATIVES AND HEALTH CONCERNS 
The contamination of food has grown to a totally new extent. Even fresh fruits and vegetables are laced with chemicals and preservatives to maintain their flavour, freshness, and colour. Utilising excessive amounts of preservatives is bad for your health. Health issues are brought on by artificial or chemical preservatives that are meant to stop food from becoming contaminated. However, not all food preservatives are harmful to your health. Natural preservatives are safe for your health and are used to keep food fresh.
7.5 CHALLENGES IN COLD CHAIN MANAGEMENT AND DISTRIBUTION
a. High Energy Consumption Cost: As opposed to Rs 40 per cubic foot each year in the West, the operating expenses for the cold storage industry in India are roughly Rs 80–90 per cubic foot per year. Compared to 10% in the West, energy costs account for around 30% of the overall costs for the cold storage business in India. These elements elevate the entry hurdle for the cold storage construction industry.
b. Rising Real Estate Costs: An acre of land will be needed to develop a completely integrated chilled storage facility having 1 million cubic feet of storage space, which could amount to approximately Rs 1 crore and Rs 1.5 crore, or 10–12% of the total cost.. Since cooling units are not mobile, location becomes crucial. Additionally, given India's limited land holdings, acquiring a big tract of land to construct a cold storage unit becomes a significant extra challenge.
c. Lack of Logistical Support: India's cold chain business is fragmented, therefore establishing technologically advanced cold storage facilities to serve the complete value chain, through procuring to transport in refrigeration trucks, will require significant investment.
8 FUTURE TRENDS & RESEARCH DIRECTIONS
Utilising nanoparticles to increase the validation of food could be a more inventive way to improve food safety and quality. Utilising these technologies, the food manufacturing industry can benefit greatly  statergies such as:

i. Encapsulation - Nanoparticle can be utilized to contain bioactive compounds like antioxidant, antifungal and vitamin can be used combined in food packaging or directly added to food products in order to protect vulnerable ingredients from decomposition. This is called Nano-encapsulation.
ii. Nano-sensors -  Nano-sensors can be incorporated into packaging materials to monitor the condition of the food, detecting changes in temperature, pH, or spoilage-related gases in a process known as smart packaging.
iii. Silver nanoparticles - Silver nanoparticles are Nano-sized antibacterial agents, substances that can be utilized to avoid the development of deterioration-causing germs & dangerous diseases. By incorporating these substances into food packaging can prevent contamination and reduce risks of food-borne illnesses.
CONCLUSION
Effective food preservation is essential for preventing food shortages, cutting down on food waste, and promoting food security. Despite improvements in food storage, challenges remain, including the need for energy-efficient methods and minimizing food waste. Sustainable innovations, such as eco-friendly packing and circular economy concepts, show promise in solving these issues and lowering the environmental impact of the food. We can rise the validation life of perishable goods and maintain their nutritional value for longer periods of time by using cutting edge food storage techniques, such as packaging built with nanotechnology and intelligent sensors. By using fewer resources to produce food that eventually spoils, this not only helps meet the demands of a constantly expanding global population but also promotes environmental sustainability. Using resilient and sustainable practices for food preservation is more important as climate change and other environmental problems continue to have an influence on agriculture. Also, adopting circular economy concepts, which encourage reducing food waste and recycling by-products, promotes a more resource efficient and durable food supply chain. Constructing a more robust and dependable food system, is not merely an issue of comfort for the present. but a responsible approach to ensure that future generations inherit a world with ample and nourishing food resources. As technology develops and our awareness of sustainable practices becomes deepens. The potential for even more effective and eco-friendly food storage and preservation solutions become increasingly promising. 
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