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			Preface

			The term food preservation specifically deals with the protection and safeguarding of food products for a longer period. The term also defines the fact for the preservation of food particles by using proper methods of processing, and handling of food particles. The invention and development of various kinds of techniques for preservation of food particles have significantly impacted the consumption of food particles. The development of new technologies and methods for preserving the food and the usage of various kinds of preservatives in the food has prominently increased the shelf life of various food particles. The recognition and acceptance of various types of preservation techniques around the world significantly require a special skill to understand such techniques. The book will provide a sufficient idea about the preservation of food particles by the usage of both traditional and scientific methods. The book also claims about the other aspects of food preservation, which also include its positive and negative aspects.

			The increase in the demand for packaged food products has increasingly led to an increase in the procedural development of preservation of food particles. Hence, there has been a continuous demand for an effective book which would relate to all the essential matters of food preservation and thus would provide a broad idea about the need of necessary ingredients and their efficient combination which would help display a proper picture of food preservation. The book thus provides a clear picture of food preservation right from its overview of the commercial considerations of having an accurate food preservation theory. The book can also facilitate the readers by making them understand about the use of various scientific methods and techniques which prominently assisted to change the traditional and complicated methods which are specifically used for preservation.

			The modern processing and preservation of food particles have completely changed from the conventional techniques which were significantly used in the earlier centuries. The current technologies which are used for the preservation of food particles are quite complex and apply diversified scientific technologies which hold a variety of scientific formulas. The previously used preservation technique, i.e. the techniques which were used 100 or 150 years ago was quite simple and straight forward but today the usage of developed technologies has a critical resemblance towards the demand of economic preservation and satisfaction of the consumer. The preservation of food particles have a classical and direct impact upon the nutritional factors of food particles and it is the nutritional factors of food which is significantly monitored by the consumers before consuming such products. The book also proclaims a variety of chapter which holds a variety of information about the various aspects which are quite essential for the following of effective preservation procedure. The volume provides a better and proper understanding of various factors such as degradation in the level of preservatives for the efficient preservation of food products, also it denotes the sufficient amount of acidity level or pH value which must exist within a product for the proper preservation of foods and beverages. Also, it defines the usefulness of scanning procedure which assists the packed foods to remain fresh and eatable for a longer period. Thus, there are various other components which will positively affect in the enlightenment of the reader on the preservation of food particles.
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			Chapter

			1	An overview of Food Preservation

			1.1	Introduction

			It is said that “if you have food in your fridge, clothes on your back, roof over your head and a place to sleep, you are richer than 75% of the world”. As baffling as it may sound, this is the harsh reality most of us have closed our eyes to. Over 800 million people in the world are in the grip of hunger and malnutrition. Hunger kills more people than malaria, cholera and traffic accidents combined. This has given birth to the concept of ‘food security’. The definition of food security as adopted by the 1996 World Food Summit states that “food security exists when all people, at all times, have physical and economic access to sufficient, safe and nutritious food to meet their dietary needs and food preferences for an active and healthy life”. A major way to achieve food security is through food preservation. One of the many techniques with the help of which spoilage of food items is prevented is referred to as food preservation. Food preservation techniques include pasteurization, smoking, canning, drying, pickling, freeze drying and so on. Most of the food products that people consume are not locally produced. Export and import of food is a major industry. Furthermore, consumers often demand for out of season fruits and vegetables.

			One of the important ways through which the spoilage of food can be avoided is by using heat energy. Microorganisms and enzymes are destroyed at high temperature. The magnitude of the destruction of the microorganisms depends on the temperature, the time of exposure and to great extent on the heat resistance of the microorganism or enzyme in question in the given medium. The very exposure to the heat not only leads to the destruction of the microorganisms but also accelerates a series of chemical reactions leading to the change in textures of the food products. The application of heat to the edibles also leads to the change in their flavor, appearance, color, digestibility and nutritional value of the food. A great number of changes that take place during this process constitute the complex process of what is known as cooking. The other undesirable changes are known as thermal damage.

			1.2	Food Preservation

			The process (combination of processes) in which a food product is treated and handled in such a way that spoilage of the said food product is either completely stopped or slowed down. Food technology and science orbit around preservation of food. The characteristic and properties to be preserved have to be identified prior to food processing. A characteristic which is important to one food product might be undesirable for others. For example, pore and collapse may form while drying food products. Desirability of this property will depend on the on the dried food product.

			1.2.1	Importance of Food Preservation

			Basic importance of food preservation technique can be listed as follows:

			1.	Variety is added to the food with the help of food preservation technique. For instance, fresh peas cannot be found in peak summers, dehydrated or canned peas can be used.

			2.	Shelf life of the food is increased by food preservation techniques. A number of fruits and vegetables can be preserved using food preservation techniques.

			3.	Food supply is increased by food preservation techniques.

			4.	Food wastage is reduced with the help of food preservation techniques. For instance, leftover food in a wedding can be preserved and consumed later which would have been thrown away otherwise. Furthermore, preserved and processed food can be added to the supply that already exists, thereby, reducing food wastage.

			5.	Dietary inadequacies are decreased by food preservation. Variety of food can be introduced in one’s diet with the help of food preservation.

			

			1.2.2	Duration of Preservation

			After being stored for a certain period of time, the quality of the food product might deteriorate. This is the time when the shelf life of the food product is said to have ended and it is considered unsafe to be consumed. The shelf life of a food item is determined and labeled by the manufacturers depending on various criteria. It is to be noted that, the shelf life of a food product and the labeled best before or use before date differs by a good margin and hence a food product is considered safe to be consumed past its ‘best before’ or ‘use before’ date. The terms pack date, use-by date and expiration date are interchangeably used with use before and best before date. The rate at which particular quality measure of a food item deteriorates has to be determined while studying the shelf life of the said food item. Visual appearance, aroma, taste and microbial characteristic of the food item can be good indicators of a quality attribute. The phases through which the food production processes are accomplished are shown in the figure below.
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			Figure 1.1: Various phases of the food production process.

			

			It is possible to minimize the loss of quality at any of the phases and therefore it is essential to have a good hold over the entire chain.

			Figure and table 1.1 indicate the mechanisms through which the quality of a food product is lost and the consequences respectively. Purpose of the food item dictates the period of time over which a food item has to be preserved. For example, meal prepared in the morning to be consumed for dinner has to be preserved for half a day or at most one day. In such cases, ensuring that the food maintains its quality for weeks or months is unnecessary. On the other hand, food meant to be consumed by astronauts while space traveling need to have a shelf life for over 3 years. In such cases, ensuring that the food stays edible for a day or two is not enough.

			It has to be noted that requirements for nutrition and regulations are different for different population groups. A simple case of food poisoning can lead to death in infants, the elderly, the ones with low immunity and pregnant women. Safety and legal regulations that apply to food products produced for humans are different than the ones produced for animals. Therefore, it is of utmost importance to take into consideration the target group of foods being produced.

			Table 1.1: mechanisms of quality loss
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			Figure 1.2: Factors that affect the safety, choice and quality of food

			Food spoilage and quality deterioration are cause by chemical, microbial, physical and mechanical effects. Deterioration of food quality may begin while harvesting, leading to a drastic shelf life reduction. Some of the examples of deterioration of the quality of food are:

			1.	Loss of water in leafy and tuberous vegetables when stored in extremely low humidity. The vegetables subsequently wilt.

			2.	Dried food such dry fruits and raisins may absorb moisture when stored in humid environment and get soggy.

			3.	Vegetables and fruits may be bruised due to rough handling during harvesting and post harvesting.

			Atmosphere, air, water and soil are the major sources which lead to microbial contaminations. Table shows the primary causes due to which food products lose their quality.

			It is necessary to control and maintain each of the causes indicated by the table. The shelf life of fresh vegetables and fruits is one to two days and they are semi perishable, while seeds, nuts, pulses and grains are non perishable and stay fresh for over a year.

			Foods, while being stored or distributed are subject to a variety of environmental conditions- preferable or un-preferable. Reactions leading to degradation of food may be triggered by various environmental factors like humidity, light, temperature, atmospheric pressure and so on. These factors may degrade the quality of food products so much that the said food products are rendered unsafe to be consumed by humans.

			

			1.3	Methods of food preservation

			On the basis of the mode of action, the methods of food preservation can be broadly categorized as

			1.	Inhibiting growth of micro organisms such as bacteria, mold and so on.

			2.	Slowing down chemical reactions in food products that lead to deterioration of food.

			3.	Direct inactivation of yeasts, enzymes, bacteria, mold and so on.

			4.	Preventing recontamination of food before, during and after processing.

			The above methods or techniques can be further classified as shown in the figure below.
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			Figure 1.3: Classification of food processing techniques

			It is to be noted that, traditional methods of preserving food are still being used; however, efforts are being made to meet food preservation demands without over-doing any particular technique. The process of preservation should begin the moment that food products are harvested from their growth medium (for example, soil, water or plant). Preservation of meat should begin the moment the animals are slaughtered for meat. Proper handling, storage and preservation for food so as to maintain their quality and integrity concerns post-harvest processing. The techniques or methods which have to be used for preserving a particular food item largely depend on source of food- whether they have been obtained from animals or plants. After a food product has been harvested, slaughtered or fished, it is important to ensure they are stored properly before being distributed. To achieve this, the environmental factors such as temperature, humidity, atmospheric pressure etc have to be preferable. The transportation systems have to be taken care of as well. Curing, heating, cooling, waxing and cleaning are some of the physical methods of preservation, while, chemical treatments include dipping, fumigation and disinfection.

			In this context, the edible flesh of various animals is referred to as meat. The conditions in which the animals are slaughtered greatly affect the post-harvest quality of the said food product.

			Decontamination, electrical simulation and chilling have to be done to preserve food fishes. Decontamination methods include treating the surface with organic acids, rinsing the fishes in hot water with or without added chlorine or using chlorine and chlorine dioxide, hydrogen peroxide and ozone for decontamination. Food products are pretreated with sulfating, blanching and other chemical and physical pretreatment process before the food items can be subjected to the major methods of food preservation. The quality of the food product and the efficiency of the process are enhanced by pretreatments.

			Cleaning and sanitizing food products are important in order to preserve them efficiently. Efficiency of a chemical disinfectant varies with the physical characteristics of the food product, type of micro organisms and the mechanisms of the attachment.

			It is to be noted that fumigant are not preservatives, but they are used to control insects. One of the most widely used fumigants, methyl bromide damages ozone layer and therefore, production of methyl bromide is under the consideration of being stopped. It is necessary to invent or discover safer fumigation methods.

			1.3.1	Inhibition

			Inhibition methods deal with controlling the environmental conditions, for example, controlling the temperature and the atmospheric pressure, controlling the microstructure of the food product and controlling the intrinsic properties such as pH level or the water activity. The most favorable temperature for the growth of micro organisms is 5oC to 60oC and therefore, one of the simplest methods to preserve food is by storing the food product at a temperature below 5oC.

			Preservation using chemicals

			In the food processing industry, chemicals are widely used for preservation of food. Chemical additives such as anti-oxidants and anti-microbes are used to control the pH level of a food product. Some of the chemical additives such as tertiary butylhydroquinone or TBHQ are completely synthetic; while there are other chemical additives which are derived from natural sources such as Vitamin E. Regardless of the sources from which they are derived, chemical additives must accomplish the function that is expected of them. It is to be noted that, chemical additives which are used for food preservation can be safely consumed.

			1.3.2	Controlling the Water Activity and the Structure

			Food or ingredients are physically modified during preservation. Functional, nutritional and sensory qualities of the food are somewhat enhanced by these modifications. Processing of food may result in formation of glass, oxidation, caking, stickiness, crystallization, gelatinization, cracking, collapse and formation of pores. Having an extensive knowledge about such modifications may prove as an aid in developing high-quality and safe food products.

			One of the most important constituents of most food items is water. The co-relation between the content of water in a food item and the deterioration of the quality of food had been clearly identified by Scott in the year 1953. It has been mentioned before that, micro organisms require moisture and oxygen to thrive and that is why the content of moisture or water in a food product greatly affects food spoilage due to micro-organisms. It is to be noted that, a water activity of 0.87 or more is required for pathogenic bacteria to grow. On the other hand, molds and yeast are far more tolerant and can grow at water activity of about 0.80. No microbial growth is possible if the water activity is below 0.62. These water activity values are often affected by factors such as anti-microbial agents, salt and pH levels of the food, cooling or heating the food and so on. The water activity can be reduced by removal of water from the food, addition of solutes or by altering the interaction between water and the solute.

			1.3.3	Inactivation

			Using heat energy to preserve food

			Earlier, inactivation was achieved by heating. Now-a-days, the most commonly used food preservation process is thermal activation. Using heat energy in order to stabilize food has several advantages and some of them are mentioned as follows:

			1.	Heat is free of harmful chemicals and therefore, safe.

			2.	It imparts taste and flavor to food, which is like by many.

			3.	Most of the micro organisms that lead to spoilage of food are killed by heat.

			4.	Food products which have been subjected to thermal processing have long shelf life.

			

			Using heat energy has its disadvantages as well. Some of them are listed as follows:

			1.	The texture of a food product might disintegrate due to over-heating.

			2.	Over heating may lead to an undesirable flavor.

			3.	Often, nutrients in a food product are lost due to heating.

			The food preservation processes that involve the use of heat energy are cooking, pasteurization, extrusion, sterilization and frying. In the recent years, there have been advents of several electrotechnologies, which are expected to be used extensively in the coming years.

			Using ultra-sound and high-pressure for food preservation

			Methods, such as heating, addition of chemical preservatives etc, used in food preservation deteriorate the taste and aroma of food. Therefore, utilization of techniques which are less extreme and addition of fewer additives to foods are in demand. Hydrostatic technologies which use high levels of pressure have garnered attention because of their novelty. High hydrostatic pressure is based on the Le Chatelier’s principle. Le Chatelier’s principle states that any conformational change or reaction, or transitions from one phase to the other which accompany reduction in volume is favorable at high pressure, whereas, the reactions that involve increase in volume is inhibited at high pressure.

			Sound energy having a frequency range over 20 kHz is referred to as ultrasound. Ultrasound can be used in food processing in the following ways:

			1.	Chemical structures and composition and physical properties of food can be estimated by ultrasound.

			2.	Quality attributes can be tested in a non-destructive way.

			3.	Food processing techniques can be monitored.

			4.	Ultrasound can be directly used in food processing or preservation.

			The effects of using ultrasound in food processing or preservation, whether beneficial or deteriorative, depend on the physical, mechanical or chemical impacts on the food products or the food preservation processes.

			Using electricity in food preservation

			Electrical energy is used in various forms in preservation of food. Some of these forms are microwave heating, high voltage arc discharge, ohmic heating and pulsed electric field of high intensity.

			Using radiation in food preservation

			Ionization energy generates ionized molecules and electrons from irradiated materials by transferring energy into them. In the process of irradiation, food products, in bulk or pre-packaged, are exposed to a specific level of radiation, which indirectly or directly affects the biological components of the food products. Indirect effects are characterized by chemical reactions resulting from deposition of energy in the molecule targeted by the radiation. On the other hand, the indirect actions are results of reactive free radicals which are generated by radiolysis of water. The free radicals thus generated are diffusible as well.

			Using magnetic field in food preservation

			The phenomenon by which attractive or repulsive forces are exerted by some materials over other materials is referred to as magnetism. Magnetism of a material originates from the orbiting and spinning of electrons and the way one electron reacts with other electron. Magnetic fields and magnetism are useful in sterilization, pasteurization and enhancement of aspects that are beneficial to food processing processes.

			1.3.4	Preventing Re-contamination

			Apart from the direct approaches mentioned before, there are other approaches such as using proper packaging materials or implementing tools for managing the quality of the food products. These techniques, though, not preservation techniques, play a major role in preservation of food.

			People have been concerned with food safety since the Middle Ages. Subsequently, regulations to control sales of contaminated and compromised food have been enforced. In the recent years, several concepts such as Hazard Analysis and Critical Control Point or HACCP, Total Quality Management etc have garnered attention.

			1.4	Examples of food preservation techniques

			As aforementioned, food preservation techniques deal with preventing spoilage of food. Spoilage of food results from two major causes and they are as follows:

			1.	Contamination by pathogens such as molds and bacteria.

			2.	Animal and plant cells and biological compounds being destroyed due to oxidation of food item.

			Food preservation techniques deal with eliminating one or both of these causes. For example, an extremely common and simple technique of food preservation is heating the food item to a specified temperature. As most pathogenic bacteria and molds are killed by high temperature, the process of heating food item either inactivates or kills most pathogens. Food spoilage can also be prevented by adding chemical compounds such as Butylated hydroxyanisole or BHA and Butylated Hydroxytoluene or BTA. BTA and BHA are antioxidants and they prevent the chemical reactions which result in oxidation, thereby spoiling the food.

			

			The use of food preservation techniques dates back to 12, 000 BC. The earliest of all the food processing techniques is curing, which uses smoking and salting to prevent food spoilage. People living in frigid climatic found the necessity to ensure unabated supply of food during the days when fresh vegetable and fruits are unavailable. History of using dehydration as a food preservation technique is more than 5000 years old. Salting, smoking, fermenting and freezing are a few of the earliest form techniques of food preservation.

			It is a probability that the process of smoking was discovered accidently by the early men. They must have realized that the food item such as fish, meat, cheese, fowl etc when exposed to smoke stayed fresh longer. Smoke that emerges from burning wood has antimicrobial properties that restrict microbial growth in food products, thereby, preventing spoilage. In the modern day, the process of smoking is considered to be a sophisticated method and used both cold and hot smokes to preserve food items. Frozen and fresh food items are preserved using hot smokes. On the other hand, salted food products are preserved using cold smokes. Content of salt in the food, duration of exposure to smoke, relative humidity and air velocity are the conditions that determined the effectiveness of the process of smoking. For example, smoke particles can be attracted with the help of electrostatic precipitators, for enhance penetration of the smoke particles into the food product. With the advent of better alternative techniques, the process of smoking has lost its popularity as a food preservation technique. Smoking, now-a-days, is frequently used for adding distinct flavors to food products.

			A moist environment is required for pathogenic micro organisms to grow and that is why the process of drying is used to preserve food. The process is as simple as it gets; the food product to be preserved have to simply left out in the wind and sun. It is to be noted that, the process of drying can be hastened if drying is used in conjunction with some other techniques. For example, the Arabs discovered that if the apricots are macerated, boiled and then left them to dry, their shelf life increased indefinitely. The product thus formed is known as quamaradeen and are made by following the same process in Middle Eastern countries.

			There are different dehydration techniques in use today. The food that is to be preserved and its characteristics decide the technique that is to be used. For instance, rice is traditionally preserved by allowing it to dry under natural sun and wind in racks or in fields for more than one and half week, which is followed by threshing the dried rice and then drying it again under natural sun and wind. In the modern days, heaters and fans are used to dry food products, under controlled conditions. Drying of food products under natural causes often results in uncertainties such as being eaten by animals and birds or blows away by wind and so on. Grains such as barley, maize and bulgur are often preserved by drying under controlled conditions.

			In vacuum drying, a large container from which air has been removed is used to store food. The pressure of water vapor within the food is more than that of the immediate environment surrounding the food, which is why; water evaporation is quicker in foods than in the natural atmosphere. Vacuum drying is preferred to drying under natural conditions because a few oxidation causing enzymes in food activates when the said food item is left to dry under natural conditions.

			Other food processing techniques are described in detail in the following chapters.
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			Chapter

			2	Postharvest Physiology of Fruits and Vegetables

			2.1	Introduction

			Every living organism requires some form of fuel for the purpose of surviving. Food is an elemental source of energy which helps in fuelling the body to a large extent. Generally, food is considered to have the capability of nourishing as well as energizing the body whenever there is any requirement.

			There is an ample supply of food available on the surface of the earth which can be directly consumed by any living organism. However, in the current era, only a few proportion of food is procured from the nature. The statistics of processed food has increased tremendously, especially in the urbanised section of the society, due to increase in the industrialization as well as commercialization. It is because of this reason that there are more and more food industries coming up at an increasing rate.

			

			With an increase in the growth of these food industries, it is of vital importance to preserve the materials of the food for the purpose of fulfilling its demands across the globe. In this chapter, the concept of preserving food, especially the vegetables and fruits are discussed in detail. The primary objective of this chapter is to understand the notion of harvesting which can help in the process of maintaining as well as conserving them. However, it is to be noted that harvesting is only one of the processes of conserving these food materials prior to any form of chemical mechanism. This chapter includes all the physiological processes that are practiced during the activity of harvesting which ensures better maintenance of the vegetables and fruits that are consumed at an extremely large extent across the entire globe.

			The fruits and vegetables are normally procured from the nature for the purpose of consuming them when they are fresh. Generally, people prefer to consume those fruits or vegetables which are not chemically mechanised by any food industry. In order to procure fresh food materials, it is of vital importance to consider their quality when they are in their raw stage. This chapter ensures various methods which guarantee the quality of the physiology of fruits as well as vegetables before they enter into the mechanism of food processing.

			2.2	Harvesting: Determinants of Maintaining Quality

			In general, harvesting is a concept of agriculture. It is an action of plucking or collecting the crops which have grown to be tender. The crops are either consumed directly or they are sent to the food processing industries. The process of harvesting varies from one place to another and from one field to another. It is to be noted that the range of harvesting plays an important role in deciding the kind of instruments which are to be applied for the purpose of gathering the crops. If the land is large, big plants and machineries such as tractors are applied to collect crops from the field. However, if the land is small, only manual power is utilised such as labours. In the villages, it is often observed that harvesting is done by the farmers themselves. Therefore, it is considered as one of the most labour intensive form of commercial activities.

			In this section of the chapter, various qualities of maintaining the process of harvesting fruits and vegetables are discussed from the perspective of the period of time.

			2.2.1	Maintaining Quality of Crops Before Harvesting

			The activity of harvesting is not a regular process. There are specific period of time of the year when it is considered as a suitable time for gathering those crops which have grown tender. In general, those seeds which are sown during the period of monsoon require a short period of time to ripen and therefore, they can be plucked off when spring or winter arrives. Similarly, there are some seeds which are sown during the warmer or the colder months of the year, they have to be harvested after the completion of one year.

			For the purpose of acquiring fresh fruits as well as vegetables after they are harvested, it is of vital importance to consider their quality prior the actual process of harvesting begins. Given below are the determinants which influence in the action of maintaining the quality of the crops.

			a. The culture of the region

			In order to procure fresh and readily consumable fruits and vegetables, it is necessary to consider the factor of prevailing culture of the region where irrigational activities will take place. Every region has its own defined form of cultural practices when it comes to agriculture. It is one of the most fundamental sources which provide for to everyone and therefore, many rituals are contemplated before the process of sowing seeds on the soil.

			There are some regions which prefer to utilize fertilizers in order to prevent insects, pests or fungus to destroy the crops. However, this is considered as formidable in many cultures. These types of cultural practices influence the quality of the crops since their nutritive composition are compromised due to such actions.

			b. The weather of the region

			In order to procure fresh and readily consumable fruits and vegetables, it is necessary to consider the factor of weather of the region which helps in determining the quality of the crops.

			There is a direct relationship between the weather and the agricultural activities. There are various types of fruits as well as vegetables which require specific form of weather for the purpose of growing such as apples require colder regions in order to grow. It is to be noted that every region has its own favourable fruits and vegetables which they have been growing in their lands for years. This is due to the fact that crops require suitable weather for growing. Those crops which grow on the warmer regions are known as tropical crops and they require ample amount of heat for the purpose of growing tender. Similarly, there are some crops which require freezing temperature in order to grow. It is to be noted that now a days there are many laboratories which grow different forms of crops by growing them in a controlled as well as favourable temperature.

			c. The quality of the soil

			In order to procure fresh and readily consumable fruits and vegetables, it is necessary to consider the factor of quality of the soil where seeds will be sown. There are various types of soil which are found on the surface of the earth. It is to be noted that not every form of soil is suitable for the purpose of carrying out agricultural activities. For instance, soil which are eroded or which were recently exposed to fire or floods, loses their fertility and thus they are not suitable for agricultural activities. It is of vital importance to research the quality of the soil since it determines the probability of growth of the crops.

			d. The nature of seeds

			In order to procure fresh and readily consumable fruits and vegetables, it is necessary to consider the nature of the seeds which are to be sowed in the soil. Every seed has its own physiological property which determines the quality of the crops. For instance, if a seed of weed is sown near a papaya seed, there is a high chance that the papaya seed will not grow since the particles of weed seeds destroys the nutritional properties of it. This is relevant for those seeds which are of similar nature as well. If one of the seed is futile, it will have an adverse impact over the quality of the overall crops. Therefore, it is of vital importance to examine critically the quality as well its nature before sowing it.

			e. The methods of sowing

			In order to procure fresh and readily consumable fruits and vegetables, it is necessary to consider the techniques which are applied for the purpose of sowing the seeds in the soil. There are generally two methods applied for the purpose of sowing seeds on the soil. These methods are determined by the area of the field. If the area is large, then various forms of plants and machineries are applied. However, if the area of the field is small, then seeds are normally sowed by the labours or the farmers. It is often observed that many farmers use animals such as cows or buffaloes for carrying out different agricultural activities. The quality of the crops is also determined by the input of various breeding techniques which are applied to change the physiological properties of the crops. Each of these factors contribute in shaping the quality of those crops.

			f. The season of sowing.

			In order to procure fresh and readily consumable fruits and vegetables, it is necessary to consider the period of time when the seeds are sowed on the soil. There are several seasons observed in a year. Before sowing the seeds, it is of vital importance to understand the current season since it plays an important role in determining the growth of the crops. For instance, if seeds are sown during a rainy season, there is a possibility of soil erosion due to floods. This may disrupt the nutritional values of the crops. Some fruits and vegetables such as mangoes, kiwi, tomatoes, cabbages, cauliflowers, are referred as seasonal food. They are available at a specified period of time of a year. However, in the recent years, due to improvements in the discipline of science and technology as well as an eventual increase in the food industries, various storages, laboratories, medicines are discovered which help in preserving these foods throughout the year without compromising their quality.

			2.2.2	Maintaining Quality of Crops During Harvesting

			For the purpose of acquiring fresh fruits as well as vegetables after they are harvested, it is of vital importance to consider their quality during the period of harvesting. Given below are the determinants which influence in the action of maintaining the quality of the crops.

			a. The methods of harvesting

			In order to procure fresh and readily consumable fruits and vegetables, it is necessary to consider the methods which are applied for the purpose of harvesting the crops. There are normally two methods of harvesting the tender crops. They are either done manually harvesting or mechanically harvesting. Each of them has their own set of merits as well as demerits.

			When harvesting is done manually, it is observed that the commodities are managed with care since personal interest is involved. The amount of investments required is comparatively less. The machines can be applied to help the labourers in order to increase more productivity. However, manual processes consume a lot o f time which slows down the entire process. The harmful chemicals can prove fatal to the workers if they are not managed with utter care. Similarly, misuse of machines can cause damage to the crops. Every method has its own merits as well as demerits. The users need to be extremely cautious while handling them.

			b. The period of harvesting

			In order to procure fresh and readily consumable fruits and vegetables, it is necessary to consider the period when the process of harvesting takes place. There are generally five seasons observed in a year. Every season has its own uses in the agricultural activities. The process of harvesting is normally undertaken during those seasons where chances of floods or heavy rainfall are less. This is due to the reason that the crops are often damaged when they are contacted with floods or rain. It is often observed that heavy rainfall causes erosion that damages the tender crops or disrupts its quality. Therefore, it is of vital importance to estimate the season when seeds are to be sowed which will determine the period of harvesting.

			c. The factor of stress

			In order to procure fresh and readily consumable fruits and vegetables, it is necessary to consider the factor of stress during the process of harvesting. In the concept of science, the term stress describes the amount of pressure which is applied on an object. While harvesting, the amount of energy which is emitted on the crops must be balanced. If more stress is applied, the crops may get damaged. Similarly, lesser amount of stress will lead to incomplete harvesting. Therefore, a balanced amount of stress is essential for maintaining the quality of crops.

			d. The factor of maturity

			In order to procure fresh and readily consumable fruits and vegetables, it is necessary to consider the factor of maturity during the process of maturity. Every crop is plucked when it reaches the stage of maximised maturity. This is because the tender crops are highly prone to get spoiled or rotten under a warmer climatic condition. It is observed that most of the crops which becomes tender before harvesting, they may endure some damages while undergoing through mechanical activities. The physiological disorders of a crop depend upon the time when it is plucked. The nutritious value of a crop diminishes with an increase in its tenderness. Similarly, if the crop is too fresh, there will be a lesser value of nutrition since it is not mature enough to build up its nutritious chemical composition.

			2.2.3	Maintaining Quality of Crops After Harvesting

			For the purpose of acquiring fresh fruits as well as vegetables after they are harvested, it is of vital importance to consider their quality after the entire process of harvesting has been completed. It is also known as post harvesting. Given below are the determinants which influence in the action of maintaining the quality of the crops.

			a. The presence of light

			For the purpose of maintaining the quality of the crops after the process of harvesting is completed. It is of vital importance to consider the factor of presence of light in the location where the harvested crops are kept. Light is required for managing the colour or the pigmentation of the fruits or vegetables. In its absence, these crops will lose their texture and eventually will lose their quality.

			b. The presence of air

			For the purpose of maintaining the quality of the crops after the process of harvesting is completed. It is of vital importance to consider the factor of presence of air where the harvested crops are kept. When the crops are exposed with less percentage of air they will lose their pigmentation, taste as well as their water contents, all of these are essential for a good quality food material.

			

			c. The prevailing temperature of the store house

			For the purpose of maintaining the quality of the crops after the process of harvesting is completed. It is of vital importance to consider the factor of the prevailing temperature of the storage where the harvested crops are kept. The physiological properties of the harvested crops depend highly upon the temperature of the room where it is stored. Some crops may rot when they are exposed to warmer temperature. Similarly, some crops require negative temperature to balance its level of moisture. Hence, it determines the quality of crops as well.

			d. The composition of the atmosphere

			For the purpose of maintaining the quality of the crops after the process of harvesting is completed. It is of vital importance to consider the factor of composition of the atmosphere in the room where crops are stored. There are various gases such as oxygen, carbon dioxide as well as ethylene which are essential for producing microbes in the crops. If there is excess amount of any of these gases, microbes will form to a large extent. This will spoil the crops. Similarly, if the crops are not exposed to any of these gases, they may disturb the physiological processing such as respiration of the crops. Hence, they are essential factors for determining the quality of the crops.

			e. The presence of humidity

			For the purpose of maintaining the quality of the crops after the process of harvesting is completed. It is of vital importance to consider the factor of presence of humidity at the location where the crops are stored. Every fruits and vegetables contain specific amount of water molecules. These molecules lose its water content if it is stored in a place where there is lack of humid atmosphere. Therefore, in order to manage the freshness of the crops, humidity of the room is to be maintained.

			f The presence of stress

			For the purpose of maintaining the quality of the crops after the process of harvesting is completed. It is of vital importance to consider the factor of presence of stress where the crops are stored. Stress defines the amount of external pressure which is applied over an object. If excessive stress is applied on the harvested croups they may lose their physiological structure which is not suitable for consumption. Therefore, exertion of stress is often kept to minimal in order to maintain the quality of the crops.

			

			2.3	Post harvesting: Mechanism of its Physiology

			In the context of agricultural science, there are various activities which are undertaken for the purpose of procuring the natural products which grow on the surface of the earth. One of them is harvesting. It is an action of gathering as well as collecting those crops which have become lush and tender and are readily available for the purpose of consumption. In this section of the chapter, the mechanisms of post harvesting will be discussed.

			The process of post harvesting begins instantly after the crops are plucked off or harvested by the farmers. The purpose of this process is to ensure the longevity of those crops without compromising their taste, texture or quality. In the succeeding section of this fragment, all the actions which are undertaken for the purpose of maintaining the genuine physiology of the harvested crops are explained accordingly from the perspective of fruits and vegetables.

			2.3.1	Process of Augmentation or Maturity

			When a fruit or vegetable reaches its stage of maturity where it becomes conventional for consuming them directly, the farmers pluck them from the field and store them in a humidified room in order to maintain its quality till it reaches the consumers.

			It is to be noted that the inception of plants as well as its evolution has a direct correlation with the physiological facet of the vegetables and fruits. From the stage of inception to augmentation or demise of these crops, they encounter various phases of ‘ontogeny’. However, the rate of metabolism is different for each of these crops which influence their quality. There are generally five stages which are encountered by the crops while growing to optimised. These stages are stated below.

			a)	The stage of evolution of the crops.

			b)	The stage of prematurity of the crops.

			c)	The stage of maturity of the crops.

			d)	The stage of tenderness of the crops.
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