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BLOCK-1:   Food processing techniques, processing technologies for plant foods 

Introduction 

Technologies that utilize heat to preserve food by diminishing or destroying microbiological 

contamination (pathogens or spoilage) and enzymatic activity. Food can be cultivated, harvested, 

processed, packed, and delivered using various preservation and processing methods. The primary 

objectives of food preservation are to create value-added products, enhance dietary diversity, and 

address inadequate agricultural planning. A multitude of chemical and biological interactions may 

lead to food degradation. Some people still believe in using traditional techniques of food preservation 

such drying, cooling, freezing, and pasteurization to keep food from going bad due to chemicals or 

microbes. The methods used to stop these spoilages have become a very multidisciplinary area that is 

getting more complex over the past few years. Irradiation, high pressure, and hurdle technology are 

some of the new technologies that are used to keep food fresh. Pasteurization is a way to keep milk 

fresh. Pasteurization, named after its inventor Louis Pasteur, eliminates bacteria in milk and extends 

the product's shelf life. During this process, foods such as milk and apple juice undergo a little heating 

treatment. Food processing companies around the world are working hard to reduce trash, recycle 

materials used for processing and packaging, and compost organic waste. They are also trying to save 

energy and water. The three R's of waste management—Reduce, Reuse, and Recycle—can help food 

companies reduce the amount of trash that ends up in dumps and find new uses for trash. 
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Unit-1     Food processing techniques 

1.0 Introduction  

1.1 Principles underlying food processing operations  

1.2 Thermal  

1.3 Radiation 

1.4 Refrigeration 

1.5 Freezing 

1.6 Dehydration 

1.7 Effect of processing on physiochemical characteristics 

1.8 Principles underlying pressure modified processing  

1.8.1 High hydrostatic pressure 

1.8.2 Hyperbaric Processing 

1.9 Vacuum cooling, hypobaric storage) 

1.10 Check your progress exercise 

1.0 INTRODUCTION 

In this unit, we will explore the scientific principles behind different food processing tehniques that 

help preserve and enhance foood quality. These techniques are essential not only to extend the shelf 

life of food but also to improve its safetty, tecture, and nutritional properties. From heating and 

radiation to freezing and dehydration, each process changes the physical and chemical nature of food 

specific ways. We will also learn about modern methods like high hydrostatic pressure and vacuum-

based cooling systems that offer new possibilities in food preservation. Understanding these 

techniques is important for students aiming to work in the food processing industry or research. 

Objectives: 

 To understand the basic principles of thermal, radiation, and cold processing.

 To study how food processing affects physical and chemical characteristics.

 To learn about modern pressure-based processing techniques.

 To understand the scientific basis of food preservation operations.

1.1 Principles underlying food processing operations 

Thermal processing of food, such as cooking, entails the application of heat to food substances. 

Thermal processing is utilized to guarantee food safety rather than primarily for cooking purposes. 

Thermal processing for the preservation of uncooked food was developed in France in 1795 by 

Nicholas Appert, a chef motivated to secure the 12,000 franc reward offered by Napoleon for a method 

to prevent the spoilage of military food supplies. Appert collaborated with Peter Durand to preserve 

meats and vegetables in jars or tin cans under vacuum, sealed with pitch, and by 1804, established his 

inaugural vacuum-packing facility. The French military secret was eventually disclosed, although it 
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required almost 50 years for Louis Pasteur to elucidate the efficacy of Appert’s procedure, as he 

demonstrated that microbial proliferation was responsible for food deterioration. The method of 

preserving food through thermal treatment and atmospheric removal is commonly referred to as 

canning, irrespective of the container utilized for storage. The fundamental principles of canning have 

remained largely unchanged since Appert and Durand established the method: apply sufficient heat to 

food to eliminate or deactivate germs, then encase the food in sealed or "airtight" containers, preferably 

under vacuum. Canned foods possess a shelf life of one to four years at ambient temperatures, 

rendering them convenient, economical, and easily transportable. The phrase thermal processing refers 

to the assessment of heating settings necessary to achieve microbiologically safe products with 

acceptable quality for consumption. Thermal treatments typically entail heating food for a designated 

duration at a specified temperature to eliminate bacteria that pose public health risks and to inactivate 

enzymes responsible for food spoilage during storage. Nicholas Appert received a prize from the 

French government in 1809 for his innovative method of heat preservation for food. The procedure is 

now acknowledged as appertization (named after Appert), sterilizing, or more frequently, canning. 

Despite the method's efficacy in generating shelf-stable foods free from spoilage, the scientific 

rationale for preservation remained largely unknown until nearly fifty years later, when the French 

scientist Louis Pasteur elucidated that food spoilage resulted from microorganisms, which are 

eradicated at elevated temperatures. The method named after him, pasteurization, currently denotes a 

moderate heat treatment aimed at eliminating pathogenic bacteria in food, hence offering a temporary 

prolongation of shelf life under refrigeration. The initial concept of in-container sterilization of foods 

has undergone a significant evolution concerning processing and packaging. A variety of thermal 

processes is currently utilized in the food industry. A diverse array of packaging materials is utilized, 

including tin-plate, aluminum, glass, as well as rigid and semi-rigid plastics molded into cans, pouches, 

laminated packages, and bottles. The items formerly classified as canned or bottled foodstuffs are now 

termed heat preserved foods or thermally processed foods. The process involves a time-temperature 

schedule, indicating the temperature of a heating medium and the duration for which it is maintained. 

1.2 Thermal Processing 

Scientific approaches are employed to develop thermal processes, considering two factors: the 

heat penetration of the product and the microorganisms that must be eradicated. Low acid canned food 

(LACF) specifically aims to eliminate Clostridium botulinum and C. sporogenes, among other 

microorganisms. The intended microorganisms for acidified LACF are pathogenic vegetative cells and 

acid-resistant non-pathogenic spores. The development characteristics of the target organism, the 

culture medium utilized, and the climatic variables can all influence the organism's heat resistance. 

Thermal death time studies are necessary to determine the heat resistance of microorganisms. A 

thermal death time tube, several retorts, and a three-neck flask are all applicable for these studies. The 

D value, Z value, and F value are three microbiological parameters utilized to determine the thermal 

death time in study. The D number is the duration required to eliminate 90% of the organisms present 

at a constant temperature. The temperature variation that results in a tenfold increase in an organism's 

heat resistance or a tenfold change in the d-value is referred to as the Z value. The F value denotes the 

duration at a designated temperature necessary to eliminate a specific number of microorganisms. Heat 

penetration tests can ascertain the thermal data of the product. Heat penetration tests monitor the rate 

at which the interior temperature of food alters within a specific retort system. A temperature sensor 

or thermocouple is located within the product at the region of the container that heats gradually (the 

cold spot). The type of product, container dimensions and classification, thermal processing technique 

or system, and heat transfer mechanism all influence the slowest heating zone or cold spot within the 

container. The heat penetration tests simulate the worst-case scenario that may occur during product 

manufacture. The heat penetration test can be influenced by several critical factors, including the state 
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of the meat (raw or cooked), moisture content, product aggregation, particle size and shape, solid-to-

liquid ratio, and fill weight. The processing authority must also understand the mechanisms of heat 

transfer to determine the chilly region. Convection, conduction, and induced convection are among 

these methods. During conduction heating, particles remain stationary, as this process is characterized 

by the transfer of heat from one particle to another. Convection heating refers to the transfer of heat 

between particles that occurs through their motion. The mechanical agitation that facilitates product 

movement to enhance convection heating is referred to as induced convection heating. A thermocouple 

is employed to monitor the internal temperature of the container during manufacturing. The 

thermocouple should be positioned in the region of the container that has the slowest rate of heating 

or cooling. The thermocouple must be affixed in the designated location and maintained in that 

position. To identify the cold region, the thermocouple may need to penetrate the materials. The 

process authority can employ a scientific methodology to ascertain the process schedule for the 

product after establishing the thermal conductivity data for the targeted organism and the heat 

penetration data for the product. The objective of a process schedule calculation is to demonstrate that 

the thermal process can achieve the required lethality. It also delineates how alterations to the filler or 

formula manufacture factors influence the lethal treatment. The graphical method and the formula 

method are the two scientific approaches for developing process plans that will attain the sterilizing 

value for a certain product. The standard method employs a Z value of 18 and a reference temperature 

of 250°C to directly compute lethality from the heat penetration time and temperature data. The ball 

formula method is the most prevalent formulaic strategy. A contaminated test pack might be utilized 

to verify confirmation subsequent to the establishment of the process schedule. Temperatures 

surrounding containers in retort systems are assessed via heat distribution (HD) and temperature 

distribution (TD) testing. Retort operation schedules, including the venting schedule and retort come-

up time, are formulated by processing authorities and equipment manufacturers utilizing HD/TD 

experiments. The timing of the process must be deferred until the designated retort temperature is 

attained and all requisite operational procedures for the retort have been completed. 

1.3   Radiation 

1. Radiation aims to achieve the same goals as other food processing techniques: minimizing losses

from spoiling and degradation, and managing the bacteria and organisms responsible for foodborne

illnesses. The methods and apparatus utilized for food irradiation, along with the requisite health

and safety standards, as well as various challenges specific to this food processing approach,

categorize food irradiation distinctly. A comprehension of the comparison between irradiation and

traditional food processing methods should commence with a succinct, non-technical explanation

of the process and its functionality. Numerous conventional food processing techniques utilize

energy in various forms, such as the heat employed in canning and sun-drying. Food irradiation

utilizes a specific type of electromagnetic energy, namely ionizing radiation. X-rays, a kind of

ionizing radiation, were discovered in 1895. The phrase "ionizing radiation" refers to various rays

that induce the production of electrically charged particles, known as ions, in the materials they

impact. Initial investigations demonstrated that ionizing radiation is lethal to bacteria. Subsequent

to this, several discrete attempts were made to harness the newly discovered energy to eradicate

the microorganisms responsible for food rotting. Notwithstanding their potential and scientific

significance, these preliminary endeavors did not culminate in the utilization of ionizing radiation

in food operations. At the beginning of the century and for many subsequent years, there was no

economical method to acquire radiation sources in the quantities necessary for industrial use. The

contemporary X-ray generators exhibited significant inefficiency in transforming electrical energy

into X-rays, while naturally occurring radioactive elements, such as radium, were insufficiently

abundant to yield gamma rays or other radiation forms in adequate numbers for food preparation.
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In the early 1940s, progress in two domains facilitated the economical generation of ionizing 

radiation sources in quantities requisite for industrial food processing. Machines, primarily 

electron accelerators, were engineered to produce ionizing radiation in extraordinary quantities 

and at a reasonable cost. The other path of exploration was the examination of atomic fission, 

which generated not only nuclear energy but also fission byproducts, such as caesium-137, that 

served as sources of ionizing radiation. The discovery that specific materials might be rendered 

radioactive resulted in the creation of more gamma-ray sources, including cobalt-60. These 

advancements rekindled interest in food irradiation. Research utilizing these novel energy sources 

has demonstrated that ionizing radiation could potentially serve as a formidable weapon in 

combating preventable food loss and foodborne diseases.  

1.3.1  Uses of food irradiation : 

The most useful practical uses of food irradiation are those that involve keeping food fresh. 

Cancer-causing germs, such as bacteria, moulds, and yeasts, are killed by radiation. It changes the 

normal biological processes that cause fruits and vegetables to ripen, mature, sprout, and age, which 

successfully extends their shelf life. Radioactivity, for example, delays the ripening of green bananas, 

stops potatoes and onions from growing, and stops endive and white potatoes from turning green. 

Radiation eradicates pathogenic organisms, including parasitic worms and insect pests, which 

compromise stored food. Similar to other methods of food processing, radiation induces beneficial 

chemical alterations in food. For instance, it tenderizes legumes (beans), hence reducing the cooking 

duration. It enhances the juice output from grapes and accelerates the drying pace of plums. Research 

conducted since the 1940s has revealed both the advantages and limitations of food irradiation. For 

instance, due to the propensity of radiation to soften certain foods, particularly fruits, the permissible 

dosage of radiation is restricted. Additionally, certain irradiation foods acquire a disagreeable flavor. 

This issue can be circumvented in meats if they are irradiated when in a frozen state. Nevertheless, no 

effective strategy has been identified to inhibit the emergence of off-flavours in irradiation dairy 

products. The flavor issue in certain meals can be mitigated by employing reduced levels of radiation. 

The minimal radiation necessary to eliminate Trichinella spiralis in pork does not alter the meat's 

flavor. 

1.4 Radiation dose 

The radiation dose, defined as the amount of radiation energy received by the food, is the 

paramount factor in food irradiation. Typically, a unique dosage must be administered for each distinct 

type of food to attain the desired outcome. If the radiation administered is below the requisite dose, 

the desired impact may not be realized. If the dosage is excessive, the food product may be irreparably 

compromised and deemed unsuitable. The designated term for the unit of absorbed dose is the gray 

(Gy). It is defined as the average energy transferred by ionizing radiation to matter per unit mass. One 

gray is equivalent to one joule per kilogram. The rad, an antiquated unit of radiation measurement, is 

equivalent to 0.01 Gy. The current radiation dose authorized by the FAO/WHO Codex Alimentarius 

Commission for food irradiation does not surpass 10,000 grays, commonly denoted as 10 kGy. This 

is a minimal quantity of energy, equivalent to the heat necessary to elevate the temperature of water 

by 2.4°C. The minimal energy used in the irradiation process results in negligible alterations to food, 

hence rendering such irradiated food safe for human ingestion. 

1.5 Refrigeration 

The refrigeration and freezing of perishable food items represent a significant and intriguing 

domain within heat transfer and thermodynamics. Refrigeration inhibits chemical and biological 

activities in food, hence preventing degradation and preserving quality. The shelf life of fresh 
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perishable items, including meats, seafood, fruits, and vegetables, can be prolonged by several days 

through refrigeration and by many weeks or months through freezing. This chapter illustrates the 

significance of possessing a comprehensive foundation and a thorough comprehension of the 

processes involved in the design and selection of appropriate refrigeration and heat transfer 

mechanisms for heat transfer equipment. For instance, fruits and vegetables persist in respiration and 

heat generation during storage; most foods freeze across a spectrum of temperatures rather than a 

singular temperature; the quality of frozen foods is significantly influenced by the freezing rate; the 

speed of refrigerated air impacts both moisture loss from the products and the rate of heat transfer, 

among other factors. 

This chapter commences with an examination of bacteria responsible for food spoilage, as the 

primary objective of refrigeration is to inhibit their proliferation. The fundamental principles of food 

refrigeration and freezing are next examined, along with the diverse freezing methodologies. The 

following sections outline the distinct attributes and refrigeration needs of fresh fruits and vegetables, 

meats, and other food items. Given that most chilled items spend a segment of their lifecycle in 

transit—within refrigerated trucks, railcars, vessels, and aircraft—we will subsequently analyze the 

heat transmission mechanisms in refrigerated storage facilities. Finally, we discuss the conveyance of 

refrigerated food items. 

Microorganisms, including bacteria, yeasts, molds, and viruses, are commonly found in air, 

water, soil, live organisms, and unprocessed food products. They induce off-flavors and aromas, slime 

formation, alterations in texture and appearance, and ultimately lead to food spoiling. Maintaining 

perishable goods at elevated temperatures is the principal factor contributing to spoilage, and the 

mitigation of food spoilage and the premature decline in quality caused by microorganisms is the most 

significant domain of refrigeration application. 

The initial stage in managing microorganisms is to comprehend their nature and the variables 

influencing their transmission, proliferation, and eradication. Bacteria are the primary microorganisms 

responsible for food decomposition, particularly in moist foods. Molds are also found on damp 

surfaces, cheese, and decomposed foods. Certain viruses are found in specific animals and people, and 

inadequate sanitation methods, such as storing processed foods alongside raw ones and neglecting 

hand hygiene, can lead to food product contamination. Upon contamination, bacteria begin to 

acclimate to the altered environmental conditions. The initial period of slow or no growth is termed 

the lag phase, and the shelf life of a food item is directly related to the duration of this phase. The 

adaption phase is succeeded by an exponential growth phase, wherein the microbe population can 

double two or more times per hour under optimal conditions, unless stringent sanitation measures are 

implemented. The loss of nutrients and the accumulation of toxins impede growth and initiate the 

decline phase. The proliferation rate of microorganisms in a food item is contingent upon the intrinsic 

properties of the food, including its chemical composition, pH, presence of inhibitors and competing 

microorganisms, and water activity, as well as external environmental factors such as temperature, 

relative humidity, and air circulation. Microorganisms require sustenance for growth and reproduction, 

and their nutritional requirements are adequately supplied by the carbohydrates, proteins, minerals, 

and vitamins present in food. Various bacteria possess distinct nutritional requirements, and the 

nutrient composition of a food item dictates the specific germs that may inhabit it. The preservatives 

incorporated into the meal may also impede the proliferation of specific germs. Various types of 

microbes compete for the same nutrient sources, and hence, the composition of microorganisms in a 

food item at any one moment is contingent upon the initial microbial makeup. All living creatures 

require water for growth, and microbes cannot proliferate in meals that lack adequate moisture. 

Microbial proliferation in refrigerated items, including fresh fruits, vegetables, and meats, initiates at 

the exposed surfaces where contamination is most probable. A package of fresh meat left in a room 
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will deteriorate rapidly, as you may have observed. A meat carcass suspended in a regulated 

environment will undergo healthy aging due to dehydration on the outside, which prevents microbial 

proliferation and safeguards the carcass. Microorganisms proliferate optimally at elevated 

temperatures, often ranging from 20 to 60°C. The development rate diminishes at elevated 

temperatures, and mortality ensues at even higher temperatures, typically above 70°C for the majority 

of microorganisms. Cooling is an efficient and pragmatic method for diminishing the proliferation of 

germs, hence prolonging the shelf life of perishable items. A temperature of 4°C or lower is deemed 

a safe refrigeration temperature. A minor elevation in refrigeration temperature can significantly 

accelerate the growth rate and substantially reduce the shelf-life of food. The proliferation rate of 

certain microbes, for instance, doubles with every 3°C increase in temperature. The relative humidity 

of the environment, which quantifies the air's water content, is another element influencing microbial 

growth and transmission. Excessive humidity in cold areas must be prevented, as condensation on 

walls and ceilings fosters an ideal habitat for mold proliferation and accumulation. The leakage of 

polluted condensate onto food items in the area presents a potential health risk. Various 

microorganisms exhibit distinct responses to the presence of oxygen in their habitat. Certain bacteria, 

such as molds, necessitate oxygen for growth, whilst others are incapable of thriving in its presence. 

Certain organisms thrive in low-oxygen conditions, but others flourish irrespective of oxygen levels. 

Consequently, the proliferation of specific microbes can be regulated by manipulating the oxygen 

levels in their habitat. Vacuum packaging suppresses the proliferation of microorganisms that 

necessitate oxygen. The shelf life of certain fruits can be prolonged by decreasing the oxygen 

concentration in the storage environment. 

1.6 Freezing 

The term "freezing" depicts the process by which some water in a food item passes through a 

phase transition and becomes ice when the temperature drops below its freezing point. Lower 

temperatures, less water activity, and, for some foods, blanching before storing all make preserving 

easier. When the right freezing and storing methods are used, food's nutritional or sensory qualities 

aren't changed much. Fruits like strawberries, oranges, raspberries and blackcurrants that are whole, 

pureed or juice concentrate; vegetables like peas, green beans, sweet corn, spinach, sprouts and 

potatoes; fish fillets and seafood like cod, plaice, shrimp and crab meat, such as fish fingers, fish cakes 

and ready-to-eat dishes with sauce; and meats like beef, lamb and chicken that come in carcasses or 

boxed joints.  

In the past few years, a lot more people have bought home freezers and microwave ovens, 

which are related to the sales of leftover meals. People think that chilled or frozen foods are better 

quality and more "fresh," so they sell better than canned or dried foods, especially when it comes to 

meat, fruit, and vegetables. It is called freezing when the temperature of a food drops below its freezing 

point. When ice crystals form, water goes through a phase change. When water freezes, it stops 

moving. This lowers the food's water activity (aw) and gathers dissolved solutes in the water that hasn't 

frozen yet. For preservation, temperatures must drop and water action must slow down. Frozen foods 

that you can buy in stores include fruits, vegetables, fish fillets and other seafood, meats and meat 

products, baked goods, ready-made foods like pizza, sweets, ice cream, and whole meals. People think 

that cold and frozen foods are of higher quality and freshness when it comes to meat, fruit, and 

vegetables.  

1.4.1 Theory 

Sensible heat must first be eliminated in order to get a food's temperature down to the freezing 

point. In perishable foods, the heat generated by respiration is likewise dissipated. This is referred to 

as the heat load, which is crucial for ascertaining the appropriate dimensions of freezing apparatus for 
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a specific manufacturing rate. Many meals comprise a significant amount of water, which possesses a 

high specific heat of 4200 J/kg and a substantial latent heat of crystallization of 335 kJ/kg. A significant 

quantity of energy is consequently required to eliminate latent heat, create ice crystals, and hence 

freeze food items. The latent heat of additional food components, such as lipids, must also be extracted 

prior to solidification; however, these components are typically present in lesser quantities, 

necessitating the removal of a comparatively minor quantity of heat for crystallization to occur. Energy 

for freezing is provided as electrical energy, utilized to compress gases (refrigerants) in mechanical 

freezing apparatus or to compress and cool cryogens. Monitoring the temperature at the thermal center 

of a food item (the spot that cools the slowest) during heat removal yields a distinctive curve.  

1.4.2. Freezing Method- 

There are many different types of freezer available for freezing, as listed below. 

1) Air Freezing a. Sharp Freezing b. Air Blast Freezing c. Fluidized-bed Freezing d. Spiral

Freezers

2).  Plate Freezing  

3).  Liquid Immersion Freezing 

4).  Cryogenic Freezing 

1.4.3. Air Freezing- 

Foods that are not fluid and are packaged or unpackaged can be frozen in air at temperatures 

between -18° a`nd -40°C. 

a) Sharp Freezing: Sharp freezers are especially designed to work at and maintain low

temperatures. Depending on the factors and the size of the item, freezing can last anywhere

from 3 to 72 hours or longer. In this method, the item to be frozen is put in a cold room that is

kept at a temperature of –15 °C to –29 °C. There will be convection in the room, which moves

the air around, but controlled convection is rarely set up. Foods kept at these low temperatures

freeze very slowly; it can take hours or even days for them to completely solidify because the

air isn't moving around much and doesn't conduct heat well. Sharp freezing doesn't happen

very often in modern cooling methods.

b) Air Blast Freezing: All products, whether loose or packaged, are placed on trays and then

placed on coils that freeze inside a chamber that maintains a low temperature, with cold air

passing over them. In some versions of this system, chilled coils either in the room or in a

nearby blower room are used to propel the air, whilst in others, massive fans are used to

circulate cold air from the low-temperature chamber. One of the most common ways to freeze

things is through tunnel freezing. A long, slowly moving mesh belt moves through a tube or

enclosure that is full of quickly moving cold air. This is what tunnel freezing is all about. The

speed of the belt can be changed depending on how long it takes to freeze the goods. Most of

the time, the air is between -18° and -34°. Air blast freezing is a cheap way to freeze food that

can fit a variety of shapes and sizes.

c) Fluidized-bed freezing- Air-blast freezing can be changed into fluidised bed freezing.

Forming a particle bed 1 to 5 inches deep on a mesh belt (or mesh tray) and then forcing air

upward through the bed at a rate fast enough to partially lift or suspend the particles at a normal

air temperature of about -34°C can break up solid food particles ranging in size from peas to

strawberries. Above 1 inch is good for things that don't dissolve easily, like fish pieces and

peas. Between 3 and 5 inches is good for things that do dissolve somewhat, like green beans.

And between 8 and 10 inches is good for things that do dissolve somewhat, like peas and whole
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kernel corn. Instead of standard air-blast freezing, fluidised bed freezing has these advantages::  

The slight moisture loss appears to be caused by more effective heat transfer, less product 

dehydration, frequent equipment defrosting, and a brief freezing period. The inability to 

fluidize large or irregular goods at appropriate air velocities is a significant drawback of 

fluidized bed freezing. 

d) Spiral Freezers: They're also called belt freezers. Food moves through a refrigerator in a spiral

freezer along a continuous, bendable mesh belt that is set up in spiral tiers. Sprays of cold air

or liquid nitrogen are sent downhill through the belt stack in a countercurrent flow. This keeps

the weight loss from water evaporation to a minimum. Additionally, spiral freezers take up

very little floor room while having a large capacity. Some other benefits are that it

automatically loads and unloads, it doesn't need much upkeep, and you can freeze a lot of

different foods, like pizza, cakes, pies, ice cream, whole fish, and chicken pieces.

1.4.4 Plate Freezing: 

In plate freezers, refrigerant is circulated through a stack of hollow plates, either vertically or 

horizontally, at a temperature of -40 degrees Celsius. There are no gaps between the plates, so they 

can be arranged either horizontally or vertically. The spaces between the plates can be changed, and 

the plates can be opened up to load food and then closed back up again to make sure their surfaces are 

close to the food, whether it's in a box or not. Meals that are flat and not too thick, like filleted fish, 

fish fingers, or beef burgers, are put between the plates in a single layer, and a little pressure is created 

by bringing the plates together. This makes it easier for the food sides to touch the plates, which speeds 

up the heat transfer. Goods that come in store packaging are often frozen in double contact plate 

freezers. This kind of equipment is either batch, semi-automated, or automatic. The filled unit 

resembles a multilayered sandwich composed of alternating layers of cold plates and product. The 

benefits of this equipment encompass efficient economy and space usage, comparatively low 

operational costs comparing to alternative systems, little product dehydration resulting in reduced 

condenser defrosting, and elevated heat transmission rates.  

1.4.5 Liquid Immersion Freezing – 

It's also called straight immersion freezing. With this method, the food is frozen by submerging 

it in a freezing agent or spraying it with one. The food can be packed or not. As cryoprotectants, water 

solutions of propylene glycol, glycerol, sodium chloride, and mixes of salt and sugar have been used. 

Solutions with 23% sodium chloride or 40% ethanol can be used at temperatures as low as -20°C or -

30°C, respectively. Even though it's not common, this method is used in the food industry for things 

like poultry (especially during the first few stages of freezing to get a uniform white colour on the 

surface), citrus juice concentrate in cans (where the cans of juice are continuously passed through a 

chamber containing liquid refrigerant), and sometimes fish and prawns. Liquid immersion freezing 

has many benefits, such as faster heat transfer (especially for things that aren't packaged or are 

packaged in skin-tight packaging), lower operational and capital costs, and the ability to be used in 

continuous processes. Rapid freezing better keeps the texture of fruit and veggie tissues while reducing 

the amount of water lost during the freezing process. Despite this, it becomes hard to find freezants 

with the right properties.  

1.4.6. Cryogenic Freezing- 

When food is frozen quickly using cryogenic freezing, it is put in a very cold gas called 

cryogen, which changes phases as it takes heat from the food being frozen. The food can be frozen 

either unpackaged or with very little packaging. Carbon dioxide that boils or sublimates and nitrogen 

that boils are the main food-grade cold refrigerants. There are many cryogenic freezers that use liquid 
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nitrogen (LN). The product is put on a conveyor belt and moved into the insulated chamber. There, 

fairly cold gaseous nitrogen flows in the opposite direction of the product to cool it down. Once the 

required exposure time is up, the product is moved to a spot where it can reach the final temperature 

goal (-18° to -30°C) before being released. The end temperature is usually the same as the temperature 

reached by freezing things the old-fashioned way. The rate of freezing that can be reached with 

cryogenic methods is much faster than with air blast or plate freezing, but not much faster than with 

fluidised bed or liquid immersion freezing. 

Advantages of Liquid Nitrogen freezing are as follows: 

• The dehydration loss from the product typically does not exceed 1%.

• During freezing, oxygen is not present.

• Product parts that are individually frozen experience little freezing damage.

• It is easy to use, appropriate for continuous flow operations, flexible enough to accommodate

different production rates and product sizes, reasonably priced initially, and able to produce

large quantities in a small amount of area. The sole drawback of Liquid Nitrogen freezing is

its elevated operational expense.

1.4.8. Ice crystal formation- 

The freezing point of a substance is the temperature at which a tiny piece of ice is balanced 

with the water around it. A group of water molecules must exist before an ice crystal can form. In this 

way, nucleation comes before the formation of ice crystals. There are two types of nucleation: 

homogeneous nucleation and heterogeneous nucleation. Homogeneous nucleation involves water 

molecules clumping together and randomly arranging themselves, and heterogeneous nucleation 

involves the formation of a centre around particles in suspension or at the membrane of a cell. 

Heterogeneous nucleation happens more often in food and happens when things are supercooled. How 

long the supercooling process lasts depends on the type of food and how quickly the heat is taken out. 

In situations with high heat transfer rates, many nuclei are formed. Since water molecules move more 

towards existing nuclei than creating new ones, quick freezing creates a lot of microscopic ice crystals. 

Crystal sizes vary a lot even when they freeze at the same rate. This is because different types of food 

and even the same food that was frozen in different ways can cause these differences. During most of 

the freezing plateau, the rate of heat movement controls how fast ice crystals form. How long it takes 

for a food's temperature to reach the critical zone. Because of this, it controls both the number and size 

of ice crystals. The rate at which water molecules move towards the growing crystal and solutes move 

away from it doesn't affect the rate at which the crystal grows, except when the concentration of solutes 

rises near the end of the freezing phase.. 

1.4.9. Solute concentration 

During freezing, the quantity of solutes rises, which changes the pH, viscosity, surface tension, 

and redox potential of the solvent-free liquid. As the temperature drops, the solutes become saturated 

and crystallise. The eutectic temperature is the temperature at which a crystal of a certain solute is 

balanced between a liquid that hasn't frozen and ice. For example, glucose's eutectic temperature is 

5oC, sucrose's is 14oC, sodium chloride's is 21.13oC, and calcium chloride's is 55oC. Because it's hard 

to find exact eutectic temperatures when solutes are mixed so thoroughly in foods, the word "final 

eutectic temperature" is used instead. It is necessary for solutes in food to be at least 55oC for ice 

cream, 50 to 60oC for meat, and 70oC for bread. This temperature has to be reached before the best ice 

crystals can form. Because commercial foods aren't kept at very low temperatures, there is always 

water that hasn't frozen. The temperature range where this happens depends on the solutes' make-up 

and how wet the food was to begin with. When the temperature in the storage area drops below this 
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range, food forms a glassy state that keeps its texture and makes sure it stays stable for the longest 

time. This happens with meats and veggies. Many fruits, on the other hand, have very low glass 

transition temperatures, which mean that when they are frozen, the texture changes and ice crystals 

cause damage.  

1.4.10. Volume changes 

The volume of ice exceeds that of pure water by 9%, hence an expansion of food upon freezing 

is anticipated. The extent of expansion varies significantly due on the following factors: 

• Moisture content (larger volume variations are caused by higher moisture contents)

• Plant materials' intercellular air gaps allow them to absorb internal volume increases without

significantly altering their overall size. For instance, when both whole and coarsely crushed

strawberries are frozen at 20ºC, their volumes increase by 3.0% and 8.2%, respectively.

• High solute concentrations lower the freezing point and prevent freezing or expansion at

commercial freezing temperatures.

• The freezer temperature controls the quantity of unfrozen water and hence the extent of

expansion.

• Crystallized constituents, such as ice, lipids, and solutes, compress upon cooling, hence

diminishing the volume of the food. Rapid freezing induces the formation of a crust on the

food surface, inhibiting further expansion. This induces internal pressures in the food,

rendering portions more prone to cracking or shattering, particularly when subjected to

collisions when traversing continuous freezers. Impact of freezing rate on the fracture

resistance of various fruits.

1.4.11. Cooled air freezer 

Chest coolers freeze food in air that stays still (natural circulation) at temperatures between -

20oC and -30oC. Chest freezers can't be used for business freezing because they freeze things too 

slowly (3–72 hours), which wastes money and lowers the quality of the food. In cold shops, dead 

animals are frozen, other frozen foods are kept fresh, and ice cream is hardened in special rooms. Fans 

are often used to move air around and make the temperature spread more even, but heat transfer 

coefficients stay low. Ice building up on floors, walls and evaporator coils is a big problem in cold 

storage facilities. This can happen because of moisture in the air or things that aren't packed inside the 

facility. At 10oC and 80% relative humidity, there are 6 grammes of water in every kilogramme of air. 

A 1000 m³/h flow of air into the cold storage through the loading doors brings 173 kg of water vapor 

into the store every day. This turns into water that freezes on cold surfaces. This makes the refrigerator 

system less effective, wastes energy that could be used to cool the storage area, can be dangerous 

because of falling ice and slippery conditions, and means that the evaporator coils need to be defrosted 

more often. A desiccant dehumidifier solves these problems by removing moisture from the air as it 

enters the store. This stops ice from forming, makes motors and fans smaller, and lowers the amount 

of energy needed to keep the store at the right temperature. In blast freezers, air moves over food at 

speeds of 1.5 to 6 m/s and temperatures range from 30 to 40 °C. The higher air speed makes the border 

layers around the food thinner, which raises the surface heat transfer coefficient. Food is put on trays 

inside rooms or cabinets of batch preparation equipment. Continuous equipment includes carts with 

food trays on them or conveyor belts that move the food through a tube that is kept warm. The carts 

need to be fully stocked so that air doesn't get around the food through the gaps between the trays. 

Multi-pass tunnels have more than one belt that lets things fall from one to the next. This breaks up 

food clumps and makes it easier to control the level of the product (for example, a 25–50 mm layer is 

frozen for 5–10 minutes and then raised to 100–125 mm on a second conveyor). The airflow can go 
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either parallel to or perpendicular to the food, and it is guided so that it moves evenly across all of the 

food. Blast cooling is very flexible and saves a lot of money. The equipment is small, doesn't cost too 

much to buy, and can handle 200–1500 kg/h. Food moisture moves into the air and freezes as ice on 

the refrigerator coils, so they need to be defrosted every so often.  

1.4.12. Cooled liquid freezer 

Food in packages moves through an immersion freezer by moving along a submerged mesh 

conveyor in a bath of cooling propylene glycol, brine, glycerol, or calcium chloride solution. There is 

no phase change during freezing, unlike cryogenic freezing. The liquid stays in a flowing state. The 

method has high heat transfer rates and doesn't require a lot of money to set up. Industry uses it to 

package concentrated orange juice in laminated card-polyethylene cases and to freeze film-wrapped 

chicken before blast freezing.. 

1.4.13. Cooled surface freezer- 

Plate coolers have hollow plates that are arranged either vertically or horizontally. At 40ºC, 

refrigerant flows through the plates. In batch, semi-continuous, or continuous forms, they can work. 

Meals that are flat and not too thick, like filleted fish, fish fingers, or beef burgers, are put between the 

plates in a single layer, and a little pressure is created by bringing the plates together. This makes it 

easier for the food sides to touch the plates, which speeds up the heat transfer. When food in packages 

is frozen in this way, the pressure keeps the bigger parts of the packages from expanding. Batch 

freezers can make anywhere from 90 kg to 2700 kg per hour. The pros of this equipment include good 

economy and space utilisation, relatively low running costs compared to other technologies, low 

product dehydration (which means less condenser defrosting), and high heat transfer rates. Most of 

the problems are related to the relatively high costs of capital and the fact that food can only be flat 

and thin. Scraped-surface coolers are used for food that is liquid or almost solid, like ice cream. They 

look like equipment used for evaporation and heat sterilization, but they use ammonia, salt, or other 

coolants to keep things cool. When making ice cream, the rotor scrapes the frozen liquid out of the 

freezer barrel while adding air at the same time. Air could also be added to the product as an alternative. 

Overrun is the term for the increase in product amount caused by air. Up to half of the water solidifies 

in just a few seconds, which means that freezing happens very quickly. This makes very small ice 

crystals that you can't even feel in your mouth, giving the product a smooth, creamy taste. The 

temperature is reduced to 4ºC to 7ºC, and the frozen aerated mixture is put into containers. The freezing 

process is finished in a "hardening chamber" (see "chest freezers" above).  

1.4.14.   Cryogenic freezer- 

When the refrigerant (or cryogen) takes in heat from the food being frozen, it changes phases. 

This makes this type of fridge unique. Because of this, the food's heat provides the latent heat for the 

cryogen to evaporate or sublimate. The cryogen is close to the food and quickly pulls heat from all 

surfaces to get high heat transfer factors and freeze the food faster. Carbon dioxide, either solid or 

liquid, and liquid nitrogen are the two main types of coolants. Dichlorodifluoromethane, also known 

as refrigerant 12 or Freon 12, used to be used for fixing foods together that were sticky or delicate, 

like meat paste, prawns and tomato slices. However, because it hurts the Earth's ozone layer, the 

Montreal Protocol has banned its use. The choice of refrigerant is based on how well it works 

technically for a product, how much it costs and how easy it is to get, as well as safety and 

environmental concerns. Product life cycles are getting shorter in the frozen food market, which means 

that the number and types of new things change more quickly. If the payback time for capital 

investment is longer than the product life cycle, there is a big business risk, unless the equipment is 

flexible enough to work with new products. Cryogenic coolers are better than mechanical systems 

because they require less capital and can process a wide range of goods without having to make major 
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changes to the system. Carbon dioxide and liquid nitrogen are both colourless, odourless, and non-

reactive coolants. When liquid nitrogen is put on food, the latent heat of vaporisation used to make the 

gas uses up 48% of the total cooling capacity (enthalpy). 52 percent of the enthalpy is kept in the cold 

gas, so it needs to be recirculated to get the most out of its freezing ability. Even though carbon dioxide 

has a lower energy than liquid nitrogen, 85% of its freezing power comes from its solid form 

sublimating, and its lower boiling point makes it less sensitive to temperature changes. Also, solid 

carbon dioxide that looks like fine snow turns into gas when it comes in touch with food, and the gas 

is not recycled. Carbon dioxide kills bacteria but is also poisonous, so it needs to be let out of the 

production to keep workers from getting hurt. Carbon dioxide is used up faster than liquid nitrogen, 

but less is lost during storing. Food, packed or not, moves along a perforated belt inside a tube in a 

liquid-nitrogen freezer. Sprays of liquid nitrogen and gaseous nitrogen freeze the food. 45 to 1550 

kg/h of goods are made at a time. Before food is taken out of the freezer, the temperature is left to 

stabilise at the recommended storage temperature (between 18oC and 30oC). Alternatively, the food 

is moved to a mechanical freezer to finish freezing. Using gaseous nitrogen to protect the food from 

temperature shock and recirculation fans to speed up the heat transfer process. This is a modern tunnel 

design with fans placed under the conveyor to make gas swirls. According to reports, this design 

doubles the output of regular coolers of the same length, cuts nitrogen use by 20%, and raises 

dehydration levels by 60%. Microprocessors control the temperature and speed of the belt to make 

sure the product exits at a certain temperature, even if food coming in is hot. Because of this, the 

equipment stays as efficient at or below its maximum capacity. Compared to mechanical systems, 

which have a set rate of heat drainage, this gives you more freedom and better efficiency.  

 Other advantages include: 

• Not expensive to set up (about 30% of the cost of setting up a mechanical system) and easy to

run all the time

• Dehydration of the product causes less weight loss (0.5% vs. 1.0–8.0% in mechanical air-blast

systems)

• Food that is frozen quickly doesn't change much in terms of how it tastes or what nutrients it

contains.

• No defrost time and quick starting

• Minimal energy consumption. .

The main problem is that refrigerants, especially nitrogen and carbon dioxide, are pretty

expensive. In spiral freezers, liquid nitrogen is used instead of vapour recompression refrigeration 

devices. Due to the lack of heat exchanger coils, the benefits include faster freezing rates and smaller 

unit sizes for the same output rates. Additional uses include making meat stiffer so it can be sliced 

quickly, making the top of ice cream harder before adding chocolate, and making a crust on delicate 

foods like fish and sliced mushrooms before they are frozen for good in mechanical or cryogenic 

freezers. 

1.4.15. Other applications 

There is no weight loss when food is submerged in liquid nitrogen, but there is a significant 

heat shock. This is permissible in certain products (such as raspberries, shrimp, and diced beef); 

nevertheless, in numerous foods, the internal pressures induced by the rapid freezing process result in 

cracking or splitting. The swift freezing enables elevated production rates of individually quick frozen 

(IQF) meals utilizing compact machinery; for instance, a 1.5-meter-long bath of liquid nitrogen can 

freeze 1 ton of small-particulate food per hour. 
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1.7 Dehydration 

Dehydration, which is also called drying, is "the controlled application of heat to remove most 

of the water normally present in a food by evaporation" (or, in the case of freeze drying, by 

sublimation). This term doesn't include other unit processes that get rid of water from food, like baking, 

mechanical separations, membrane concentration, or evaporation, because they usually get rid of a lot 

less water than dehydration. By lowering the water activity of food, the main goal of drying is to make 

it last longer. Furthermore, this stops the growth of microbes and enzymes, but the working 

temperature is usually too low to completely kill them. As a result, any rise in wetness levels during 

storage, such as when packing isn't done right, can lead to quick breakdown. Food that is lighter and 

smaller costs less to move and store because it takes up less space. Dehydration makes a useful product 

for customers and makes it easier for food makers to work with certain types of ingredients. Meals 

lose both their taste and their nutritional value when they become dehydrated. The way that 

dehydration equipment is built and how it works try to lessen these changes by picking the right drying 

conditions for different foods. Coffee, milk, figs, sultanas, different fruits, pasta, flours (including 

baking mixes), beans, lentils, nuts, morning cereals, tea, and spices are all dried foods that are 

important to the business world. Egg powder, flavourings, colourings, lactose, sucrose, or fructose 

powder, enzymes, and yeasts are some of the most important dried materials that manufacturers use. 

1.5.1. Theory- 

Dehydration entails the concurrent application of heat and extraction of moisture from food 

items. Desiccation caused by elevated air temperatures or heated surfaces.   

The following categories can be used to classify the many variables that affect how quickly 

meals dry out.  

• Those pertaining to the circumstances of processing

• Those pertaining to the food's composition

• Those associated with the design of the dryer

1.5.2. Equipment- 

 Hot air dryer

 Bin dryer

 Cabinet dryer

 Conveyor dryer

 Pulsed electric field processing

 High Pressure Processing

1.5.2.1Hot air dryers- 

Hot air ovens are electrical machines that use dry heat to kill germs. A thermostat is often used 

to manage the temperature. The double-walled insulation keeps heat in and energy out. The metallic 

layer on the outside and the non-metallic layer on the inside make the insulation less conductive. For 

better protection, there is a hollow that is full of air. Spreading heat evenly is easier with an air 

movement fan. These machines have wire mesh or metal trays that can be adjusted, and they might 

have an on/off rocker switch, temperature indicators, and controls for keeping time and temperature. 

The price of fuel used to heat air is the main economic factor that affects drying processes. 

There are parts on commercial dryers that are meant to keep heat in and use less energy.  

• Insulation for ducting and cabinets
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• Recirculating the exhaust air inside the drying chamber leads to a high exit temperature that is

safe for the product and a lower evaporative capacity.

• It is possible to heat the incoming air and recover heat from the exhaust air by using heat

exchanges, thermal wheels, or heating the material before it comes in.

• Direct flame burning with natural gas and low-NOx burners to keep combustion products from

contaminating the product

• Two-stage drying (e.g., spray drying first, then fluidized bed drying, or fluidized beds, then

bin drying)

• Multiple impact evaporation is used to concentrate liquid foods to their highest solids level.

Some evaporators can use a lot less energy per unit amount of water they remove than

dehydration machines.

• Air humidity is automatically controlled by a computer.

1.5.3. Bin dryers 

The bottom of a bin dryer is made of mesh, and the cases are big, both rectangular and 

cylindrical. A relatively slow speed, like 0.5 m/s, carries hot air upward through a food bed. They have 

a large capacity and cheap capital and operating costs. They are mostly used for "finishing" getting 

the moisture content down to 3–6% after other drying systems have done the initial drying. They 

enhance the operational efficiency of early dryers by extracting the food during the falling-rate period, 

when moisture removal is most laborious. The substantial food bed allows for the equalization of 

moisture content and serves as a reservoir to mitigate fluctuations in product flow between drying and 

packaging processes. The driers may reach several meters in height, making it essential for foods to 

possess adequate strength to endure compression and maintain interstitial spaces between the pieces, 

so facilitating the flow of hot air through the bed. 

1.5.4. Cabinet dryers- 

A cabinet with small mesh or perforated trays and a layer of food (2–6 cm deep) on top of each 

one makes up one of these. Hot air is pushed at a speed of 0.5 to 5 m/s through a system of tubes and 

baffles that help the air flow evenly over and/or through each tray. For drying reasons, extra heaters 

can be put on top of or next to the trays.. Cabinet dryers are utilized for small-scale production and 

pilot-scale operations. They possess minimal capital and maintenance expenses and exhibit 

operational flexibility for various food items. Nonetheless, they exhibit suboptimal management and 

yield greater variability in product quality, as food dehydrates more swiftly on trays closest to the heat 

source. A cost-effective, semi-continuous technique that addresses this issue by regularly substituting 

the lowest tray in the stack has been created by the Intermediate Technology Development Group 

(Axtell and Bush, 1991; Axtell and Russell, 2000). Food layers are dried out on trays that are put on 

trucks that are made to move partially continuously through an insulated tube with different types of 

air flow. Food is dried in bin dryers. Twelve to fifteen trucks carrying a total of 5,000 kg of food can 

fit through a normal 20\ tunnel. Due to its ability to dry out large amounts of food quickly, tunnel 

drying is widely used, especially in the USA. On the other hand, belt drying and fluidized bed drying 

have mostly taken its place because they use less energy, require less labor, and produce better results.. 

1.5.5. Conveyer dryers- 

Continuous conveyor dryers possess a maximum length of 20 meters and a width of 3 meters. 

Food is desiccated in beds measuring 5–15 cm in depth on a mesh conveyor. To keep the dried food 

from moving off the bed, the wind is first directed upwards through the food bed and then downwards 

in later stages. In two- or three-stage dryers, food that has only partially dried is stacked again in lower 
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layers, starting at 15 to 25 cm and going up to 250 to 900 cm in three-stage dryers. This optimizes 

floor space while enhancing drying uniformity. Foods are completed in bin dryers after achieving a 

moisture content of 10 to 15%. This apparatus provides superior production rates and remarkable 

regulation of drying conditions. Labor expenses can be reduced by employing dryers equipped with 

computer-controlled separate drying zones and autonomous loading and unloading systems. Conveyor 

dryers are utilized for foam mat drying, a process that transforms liquid foods into stable foam through 

the incorporation of a stabilizer and aeration with air or nitrogen. The foam dries rapidly in two phases 

utilizing parallel and counter-current air flows after being applied to a depth of 2-3 mm on a perforated 

conveyor. The drying process of foam mats transpires at a rate roughly three times swifter than that of 

a liquid of same viscosity. The desiccated food's thin, porous matrix is subsequently ground into a 

powder that exhibits fluidity and possesses excellent rehydration properties. Elevated production rates 

require an extensive surface area, resulting in increased capital expenditures regardless of the product's 

quality. Trough driers, or belt-trough driers, are a variant in which consistently tiny food particles are 

desiccated on a mesh conveyor belt that oscillates freely between rollers, like a trough. The conveyor's 

motion circulates and mixes the food while simultaneously directing heated air through the food bed, 

ensuring that fresh surfaces consistently contact the drying air. Furthermore, relocating the food from 

the arid air allows the mixing process to provide the moisture within the pieces additional time to 

migrate to the dry surfaces. When the food is exposed to hot air again, the water on the surface 

disappears very quickly. Higher drying rates (for example, chopped vegetables dry in 55 minutes vs. 

5 hours in a tunnel dryer), better energy efficiency, exact control, and little damage to the product from 

heat are all benefits of these dryers. They work in two stages: first, they get to 50–60% wetness, and 

then they lose moisture until they reach 15–20%. Finally, they finish drying in bins. 

1.5.6. Pulsed electric field processing- 

High Intensity Pulsed Electric Field (HIPEF) technology comes from the "ElectroPure" 

method, which was created in the 1920s and was used in the USA for more than 20 years to pasteurise 

milk. It was an early form of ohmic heating. Microorganisms were only killed by heat in this process 

because low electrical voltages were used. High volts (3000–4000 V) were used in the 1960s, and it 

was found that, along with heat effects, the electricity itself killed more microbes. After that, it was 

shown that electric shocks can kill microorganisms and enzymes without using heat. This was tested 

in model food systems, and in the 1980s and 1990s, the study was expanded to include liquid foods 

like milk, soups, fruit juices, and eggs. When you want to sterilise food that can be pumped with 

electricity, you can use the "ELSTERIL" method. The same German company came up with the 

"ELCRACK" method, which uses similar HIPEF technology to break down plant and animal cells so 

that oils and fats can be extracted more easily. But HIPEF hasn't been used in a business setting yet, 

even though it uses pretty little energy. 

1.5.7. Theory- 

When a liquid food is exposed to an electric field with strength between 12 and 35 Kv/cm in a 

brief burst (1 to 100 s), microorganisms are severely killed. The exact mechanisms by which micro-

organisms are eradicated by electric fields remain little comprehended, but possibly encompass:   

• The application of an electric field induces pore formation in cell membranes when the

membrane's electrical potential surpasses the natural threshold of 1V resulting in cellular

swelling and rupture.

• Electrolysis products or very reactive free radicals are made from food by the electric arc, but

it depends on the material used for the electrodes and the chemicals in the food.

• Activated oxidation and reduction processes inside cells that affect metabolic processes
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• Induced electrical energy changes form and releases heat. The amount of microorganisms that

HIPEF kills

Higher electric field strengths and/or longer pulses with more of them cause high pressure to

rise. Food's temperature, pH, ionic strength, and electrical conductivity are some other factors that 

affect how well it inactivates. Research involving the inoculation of foods with specific micro-

organisms and subsequent processing by HIPEF has achieved cell reductions of up to six log cycles 

(6D reduction). Nonetheless, due to the deadly effects being contingent upon the particular equipment 

and operational settings employed by various researchers, it is challenging to make direct comparisons 

among these studies. Besides microbial annihilation, HIPEF treatment results in decreased lipase 

activity in milk and a reduction in ascorbic acid concentration; however, overall, vitamins and enzymes 

are not significantly inactivated by HIPEF processing.  

1.5.8. Equipment- 

HIPEF equipment usually has a high-voltage power source, capacitors to store the charge, and 

a discharge switch to send the charge to electrodes that send an electric field through the product in a 

treatment room. The shape and width of the electric field pulse can be changed with inductors. 

However, the HIPEF treatment may make the product hotter depending on the field strength, pulse 

frequency (Hz), and number of pulses. To keep the temperature stable, the equipment has cooling fans. 

Everyone is not allowed to get near the equipment because of the dangers that high voltages bring to 

operators. In order to keep energy from leaking out, all links to the chamber must be cut off and 

grounded. This includes everything from product pipes and refrigeration units. The current starting 

costs are very high, running from $450,000 to $2,000,000, which might make it harder for the 

procedure to become widely used..  

1.5.9. High pressure processing- 

High hydrostatic pressures were used at West Virginia University in the US in 1899 to test 

how well they could keep milk, fruit juice, meat, and different kinds of fruits. This was the first known 

use of high pressures to process food. The researchers showed that applying pressures of 658 MPa 

(6500 atm) for 10 minutes can kill microorganisms that are in these things. In the early 1900s, later 

research showed that high pressures could change the shape of the proteins in egg white. Still, the first 

experts found that the potential was limited because it had little effect on enzymes, especially in milk. 

They were limited by problems making high-pressure units and not having enough packing materials 

to keep food safe during processing, so the study had to be stopped. In the late 1980s, especially in 

Japan, there was a lot of new study on high pressure processing thanks to improvements in press design 

and quick progress in packaging materials during the 1970s. Japan saw the release of the first 

commercial things made with high pressure processing in 1990. Two more companies started making 

bulk orange and grapefruit juices, and one company started selling a range of pressure-processed jams 

in flexible, sealed plastic cases. The jams included apple, kiwi, strawberry, and raspberry. The jams 

could be kept in the fridge for two months, which was needed to stop enzymes from working. Fruit 

jellies, sauces, fruit yoghurts, and salad dressings were some of the other items. The goods are 

currently three to four times the price of regular items, but the higher quality, especially in taste and 

texture, has kept enough demand going so the business can stay open. 

1.5.10. Theory 

"Isostatic" means that when high pressures, up to 1000 MPa (10 000 bar), are applied to food 

packages that are submerged in fluids, the pressure is spread evenly and instantly throughout the food. 

Microorganisms are destroyed when the pressure is high. When bacteria are in the logarithmic growth 

phase, they are more sensitive to high pressures than when they are dormant, not active, or dead. When 
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moderately high pressures (300–600 MPa) are present, vegetative bacteria cells die or stop working. 

When pressure is 350 MPa for 30 minutes or 400 MPa for 5 minutes, the vegetative cells of bacteria, 

yeasts, or moulds usually shrink ten times. Aleman et al. (1996) say that steady pressure treatments 

don't work as well as pulsed pressure treatments for pasteurizing pineapple juice. High pressures are 

needed to make bacterial spores grow, which then kills the germinated cells. Still, spores are killed at 

pressures of 400 MPa to different degrees depending on the strains that are present when they are 

heated to low temperatures (for example, 60ºC). Researchers are still trying to figure out the 

complicated processes that cause these effects, but they do know that high pressures cause intracellular 

vacuoles to burst and cell walls and cytoplasmic membranes to become damaged. Possible ideas about 

how high pressures on cells can mess up metabolic systems. Barometric pressure can affect different 

food quality-related enzymes in different ways. Some can't work at room temperature under pressures 

of a few hundred MPa, while others can handle up to 1000 MPa. Peas and strawberries both have 

pectin methyl esterase and peroxidase that can handle pressures of 1200 MPa. On the other hand, some 

show more action when pressures are high. pH, substrate makeup, and temperature all have a big effect 

on whether pressure activates or deactivates. Ionic, hydrogen, and hydrophobic bonds are the only 

types of chemical bonds that are known to be affected by high pressures. Covalent bonds are not 

affected by these pressures. This stops the activity of microbes while having little effect on the parts 

of the food that affect taste or flavour. The process can be performed at ambient or low temperatures, 

minimizing heat damage to nutrients, natural flavors, and colors, so producing high-quality products. 

Additionally, chemical preservatives are not needed for the process to ensure that prepared foods have 

a good shelf life. Applying high pressure evenly to all parts of food, no matter what shape or size it is, 

is a big advantage over other cooking methods because it makes sure that the whole product gets the 

same treatment. This solves the problem of inconsistent processing that comes up with microwaves, 

conductive or convective heating, dielectric heating (because loss factors change), and radiant heating 

(because surface values change). High pressure processing lacks 'heating' or 'cooling' phases and has 

quick pressurization and depressurization cycles, hence diminishing processing durations relative to 

thermal processing. High pressure processing is expected to be combinable with other processing 

methods, hence broadening the operational capabilities for food processors and facilitating the creation 

of novel products and processes. 

1.5.11. Processing and equipment- 

Constructing high pressure machinery is a specialized and expensive job. For example, in 

1996, a high pressure fruit juice plant cost 20 times more than a plate heat exchanger system with the 

same capacity. This technology is being changed so that it can be used in the food business. There are 

batch presses on the market with vessels that can hold up to 9400 L. These can work at pressures 

between 200 and 500 MPa, and they can do so in as little as two to three minutes. Palou et al. (1999) 

wrote about a batch press in Japan that made pineapple juice for sale and had an output of 600 h-1 and 

worked at 420 MPa.  

A high pressure system's principal parts are: 

• A pressure vessel and its closure mechanism

• A system for generating pressure

• A mechanism for controlling the temperature

"Monoblocs" of high tensile steel alloy are used to make most pressure tanks. These are made 

from a single piece of material and can handle pressures of 400 to 600 MPa. When pressures are high, 
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multi-layer or wire-wound tubes that have already been stressed are used. Vessels are sealed with 

either a threaded steel closure with a broken thread that makes removal easier or a sealed frame that 

sits on top of the vessel. Once the pressure tank is empty of all air, a pressure transmitting medium 

(water or oil) is pumped from a reservoir into it through a pressure intensifier until the desired pressure 

is reached. Static pressure binding is needed for this process, which is called "indirect compression." 

A different method, called "direct compression," uses a piston to squeeze the vessel. But it needs 

dynamic pressure plugs between the piston and the inside surface of the vessel, which get worn out 

quickly and aren't used in real-world situations. In business settings, controlling the temperature can 

be done by moving a medium for heating or cooling through a jacket that surrounds the pressure tank. 

This is enough for most situations where a constant temperature is needed. But if the temperature 

needs to be changed often, this method is slow to respond because the tank has a lot of thermal inertia 

and not much heat transfer area. In this case, an internal heat exchanger is put in place. There are two 

ways to use high-pressure containers to process food: in-container processing and bulk processing. 

Extreme pressures used in processing cause foods to lose volume (for example, water loses about 15% 

of its volume at 600 MPa). This causes the package and seal to be stressed and distorted a lot during 

in-container processing. Standard plastic and foil pouches should work, and research is still being done 

on the best way to create the packaging, how to make sure the seal stays in place, and other materials 

that could work. Automatic equipment like that used to load and unload batch retorts makes it easier 

to move materials for in-container processing. Moving things in bulk is easier; all you need are pumps, 

pipes, and switches. One Japanese company processes fruit juices in a semi-continuous way at 4000–

6000 h-1, using pressures of 400–500 MPa for 1–5 minutes at room temperature. Another company 

uses a similar process running at 120–400 MPa, followed by a short heat treatment, before putting the 

juice in containers. Even though the method uses very little energy, the cost of buying the necessary 

tools is still high. Through direct pumping with high-pressure pumps, these kinds of liquid foods can 

also be used to build up pressure. These kinds of options would lower the cost of a pressure vessel and 

make managing materials easier. When liquids quickly decompress through a small hole, they create 

high-speed, turbulent flow. This makes the shearing forces on microbes stronger, which kills them 

more quickly. Some of the newer techniques used in high pressure processing are high pressure 

blanching, pressure freezing, and combination freeze concentration. Early results show that fruits that 

are blanched under pressure dry faster than fruits that are blanched in hot water. 

1.5.12.   Effect on microorganism, enzymes and food components- 

Here are some examples of how high-pressure methods affect microorganisms: The ability of 

spores to germinate under high pressure depends on the temperature. At temperatures around 0ºC, 

spores will not germinate even at 1000 MPa, but at normal temperatures, 100 MPa can cause them to 

germinate. When the temperature is between 50 and 70oC and the pressure is 600 MPa, the spores that 

have germinated can be killed. Still, these effects aren't always the same. Adding light heating and 

high pressure can either help or hurt the growth of microbes, the ability of enzymes to work, and the 

reaction between chemicals. Depending on the type of microorganism being studied, high pressure 

can either make microbes more sensitive to heat or stop them from dying at high temperatures. A lot 

of research has been done on enzyme inactivation, especially enzymes that affect the quality of fruit 

goods, because high pressure technology has mostly been used to process fruits. Polyphenoloxidase 

has been shown to work well at pressures of up to 1200 MPa for 10 minutes before it stops working. 

On the other hand, it becomes more sensitive when the pH level is raised. Researchers have found that 

polyphenol oxidase from different sources is not always sensitive to changes in pressure. For example, 

polyphenol oxidase from potatoes and mushrooms is very stable under pressure (800–900 MPa), while 

enzymes from apricots, strawberries, and grapes are more sensitive (100, 400, and 600 MPa, 

respectively). Pectin esterase makes drinks cloudy, fruit concentrates gel, and tomato products not 
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always be the same. It doesn't stand up to as much pressure as polyphenoloxidase; its activity drops 

below 300 MPa, and at 45oC for 10 minutes, pressures above 700 MPa can stop it from working. At 

room temperature and 600 MPa, orange pectin esterase is mostly inactive (90% inactivated), and it 

doesn't get activated again during storage. Researchers have looked into what happens to microbes 

and enzymes when high pressures and low water activity are combined with compressed or 

supercritical CO2, biopolymers (like chitosan) or enzymes (like lysozyme and glucose oxidase), 

ethanol, sodium sulfite, ultrasonic waves, and high electric field pulses. Biopolymers, like starches 

and proteins, can change their structure and how they respond when they are processed under high 

pressure. When proteins are under pressure, their chemical structure unfolds. This can cause them to 

clump together with other proteins in food or change shape, which changes the texture of the food. 

Certain proteins, like albumin from soy, pork, fish, and eggs, can form gels. Pressure-induced gels, on 

the other hand, keep their original colour and flavour and have a smooth, glossy, soft texture with 

more elasticity than heat-treated gels. At the experimental level, these findings are being looked at for 

surimi products. Scientists are trying to figure out the structure of lower-quality proteins that are under 

a lot of pressure in order to improve their functional features, like their ability to emulsify and gel. 

Researchers have looked into how high pressures affect the structure and activities of proteins. The 

potential use of high pressure processes to make meat more tender is another one. Processing meat at 

103 MPa and 40–60ºC for 2.5 minutes makes it taste better and cuts down on cooking waste. Three 

things affect how tender something is: the pressure, the temperature, and the amount of time it is held. 

Pressure-processed salted raw squid and fish cakes are examples of things that are made for sale. Other 

uses include making bacterial safety better and getting rid of cooked tastes from pâté and sterilised 

meats. Starch molecules are also broken down and partly destroyed by water, which makes the food 

sweeter and more open to amylase activity. Another group of experts found that root vegetables like 

potatoes and sweet potatoes get softer, easier to shape, tastier, and clearer over time. 

1.5.13. Processing using pulsed light 

Many studies have shown that ultraviolet (UV) light can kill bacteria. This is especially true 

when it comes to purifying water. Bacteria-killing lamps have also been used to stop mould from 

growing on baked goods and to clean the air. The US company has created a new technology that uses 

pulsed white light, which is very similar to the spectrum of sunshine, to clean and sterilize food 

surfaces and packaging materials. The following information comes from a study by Dunn et al. (1995) 

that talks about how the technology has changed over time.  

1.5.14   Theory 

When ultraviolet light hits proteins and nucleic acids, it breaks down cellular metabolism, 

which kills germs. Pulsed light includes a wide range of "white" light bands, from 200 nm in the 

ultraviolet to 1000 nm in the infrared, with 400–500 nm being the most common. This light comes 

from a part of the electromagnetic spectrum called "non-ionizing," and it doesn't make tiny molecules 

ionise like irradiation does. Pulsed light has a range that is similar to sunlight, but it has some UV 

wavelengths that are weakened by the Earth's atmosphere.  

1.5.15. Effect of micro-organism on food 

Microorganisms are killed by pulsed light in a way that involves both photothermal and 

photochemical processes. The ultraviolet part of light has a photochemical effect, but since most of 

the energy is in the visible range, the main effect is photo-thermal, which means that a lot of energy is 

quickly transferred to the surface of the food. Vegetative cells can be killed with electric fields, high 

hydrostatic pressure, light, or ultrasound at 223 degrees Celsius on a small layer of the surface. Putting 

Staphylococcus aureus on inoculated agar plates shows that two waves of 0.75 J cm^-1, adding up to 
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a total fluence of 1.5 J cm^-1, can kill concentrations of 10^7 CFU per gramme. Different harmful 

bacteria, including Escherichia coli O157:H7, Listeria monocytogenes, Bacillus pumilus, and the 

mould Aspergillus niger, were killed at 10^5 CFU per gramme using a single pulse of 0.5–1 J cm^-1. 

Multiple flashes at 1 J cm^-1 per pulse led to decimal reductions of 7–9 logs (7-9D). Pulsed light was 

used to treat water, and it was found that oocysts of Klebsiella and Cryptosporidium, which are 

resistant to chlorination and most UV treatments, were reduced by 6–7 logs/ml with either two pulses 

of 0.5 J/cm² or one pulse of 1 J/cm². After being treated with pulsed light, bread, cakes, pizza, and 

bagels wrapped in clear film had an extra eleven days of shelf life at room temperature. Under 

refrigeration, prawns had a seven-day shelf life increase, but fresh meats had an overall bacterial count 

drop of 1–3 logs, which included lactic, enteric, and Pseudomonas counts. At first, research showed 

that pulsed light treatment did not change the taste or nutritional value of the foods that were treated. 

Foods have lower levels of microbial eradication than water or the smooth surfaces of agar plates or 

packaging materials. This is because foods have surface cracks and folds that keep some bacteria from 

being exposed to light. 

1.8 Effect of processing on physiochemical characteristics 

Physicochemical and structural changes that happen to food during preparation depend on 

whether the food is solid or liquid or on the parts that make it up. It has many different physical and 

chemical properties, including how it behaves in different temperatures, viscosities, and rheologies, 

and how it absorbs and holds water. It also has hydration qualities like how it mixes with water, how 

easily it dissolves, and how much water it can hold. However, different types of food need to be 

described by looking at their physical and chemical properties. It is very important in food research to 

pick the best physicochemical properties for each case. Processing methods change the physical and 

chemical makeup of every part of the food. These changes often affect the food's quality by changing 

its look, feel, and nutritional value. Extrusion is used to make new snacks or foods, and fermentation 

has been studied in many places as a cooking method. What happens when you add insects and pea 

protein to bread and how well people like it? What happens when you add resistant malto-dextrin to 

orange juice? What happens when you use milk fat/cellulose ether emulsions in spreadable creams? 

What happens when you digest fat in a lab setting? During their shelf life, the type of almond used 

changes the colour, chemical, physical, and taste properties of "amaretti" cookies. This happens 

because the physicochemical and structural qualities of foods change. Variety selection for this type 

of produce is very important because it helps farmers and makers find the ones that can be changed 

the most while still doing well in the field. When you compare gluten-free baked goods to regular 

baked goods, the gluten-free ones have less texture on the mouth, less flavour, less smell, more 

crumbly structure, and less visual appeal. To make baked goods with better quality, rice sourdough 

cultured with the Lactobacillus spicheri DSM15429 strain was used to change the texture, volatile 

profile, and sensory properties of gluten-free muffins. The new strain Lactobacillus spicheri was found 

in industrial rice sourdough, but it hasn't been used to make baked goods yet. The data showed that 

Lactobacillus spicheri DSM 15429 could grow well in the rice flour. This changed the texture, volatile 

profile, and sensory qualities of the gluten-free muffins. When compared to muffins made with 

naturally fermented rice sourdough, both textural measures and volatiles changed in big ways. Things 

like hardness and sticking together got worse, but gluten-free muffins got better at being springy and 

resilient. When rice sourdough cultured with Lactobacillus spicheri DSM 15429 was added to gluten-

free muffins, it made them much less stable. 3-methylbutanal, 2-methylbutanal, acetophenone, and 

limonene were the main volatile chemicals that were used to rate the smell and aroma in the sensory 

study. People in the West are becoming more interested in plant-based foods, mostly because eating 

and making foods from animals is bad for your health and the earth. Adding pea protein or insect 

powder increased the nutritional value by increasing the protein level, but it changed how the dough 
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and bread were made. The dough was much more flexible and durable when it had pea protein added 

to it. This was true for both insect mixes and the control sample. When pea and bug flour were added 

to bread, it changed its texture in a big way. When more pea protein was added, the bread became 

harder and had a smaller average cell size than the control bread. Compared to the control bread, the 

crust colour showed big differences. The crumb colour, on the other hand, was affected by the colour 

of the flour. According to studies on word associations, insect bread was linked to an emotional level, 

wheat bread was linked to "tradition," and pea bread was linked to "fruit and vegetable." The 

spreadability was tested at 20°C and compared to a commercial cream made with palm fat that can be 

spread. The structural changes that happened in the creams during in vitro oral and stomach digestion 

were studied. During intestinal digestion, titration with NaOH was used to measure how easily the fats 

broke down. Spread tests showed that the spreads were about the same. After being digested by mouth, 

the commercial spread had a higher release force because saliva caused flocculation, which wasn't 

seen in spreads with cellulose ether. The digestibility test showed that the modified spreads had lower 

scores. So, milk fat-cellulose ether-based emulsions are an alternative way to make reformulated 

spreadable creams that look and feel like store-bought goods but have less fat and are harder for the 

body to digest, without lowering the quality of the end product.   

1.9 Principles underlying pressure modified process 

According to Myles (2013), the food and beverage manufacturing sector is one of the biggest 

in the US and produced over $1.08 trillion in economic output in 2010. Food processing companies 

were responsible for 14.7% of all the value of products shipped from all US factories in 2011. In a 

business that is focused on customers, food processors always have to deal with the task of making 

foods that people want at reasonable prices without sacrificing food safety. People who care about 

their health and wellness tend to prefer foods that have been lightly processed, taste better, and don't 

have many or any preservatives. More and more, health-conscious customers see foods as carriers of 

nutrients, recognising the well-known link between healthy eating and human health. Recent 

improvements in mass communications and social media have made people much more aware of 

microbiological outbreaks in processed foods. People are also much more aware of the unintended 

negative effects of traditional food preservation methods, such as the loss of nutrients, the use of 

preservatives, and the creation of toxins and off-flavor compounds. People often don't give enough 

credit to the good effects of modern food production. Researchers in both the food industry and 

academia are working on new thermal technologies, such as aseptic processing, ohmic heating, 

microwave heating, and radio-frequency heating, as well as non-thermal processing methods, such as 

irradiation, high-pressure processing, pulsed electric fields, and UV processing, to meet consumer 

demand for microbiologically safe foods that have been processed as little as possible. For food safety, 

advanced thermal processing technologies use rapid volumetric heating to get around the problems of 

traditional conduction and convection heat transfer. Non-thermal technologies, on the other hand, use 

lethal agents like pressure, electric fields, and irradiation, either alone or in combination with heat, to 

kill pathogens and organisms that cause food to go bad. It was approved by the Food and Drug 

Administration (FDA) in 2009 that high pressure on a sample that had already been cooked could be 

used to sterilise low-acid meals for sale. This is an important step towards making pressure-assisted 

thermal processing (PATP)-preserved clean foods available to the public. A new method has been 

developed that uses pressure, heat, and an electric field all at the same time to kill bacterial germs. 

Additionally, they found that applying an electric field under pressure led to better mass heating, which 

greatly reduced the thermal load. Pressure, heat, and an electric field can all be used together to make 

high-quality, shelf-stable things. This process is called pressure-ohmic-thermal sterilization (POTS). 
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1.7.1. High hydrostatic pressure (HPP) 

In HPP treatment, pressure is administered quickly, consistently, and in accordance with 

Pascal's principle, regardless of shape. The dimensions of the items lead to reduced difficulties during 

the scaling of manufacturing. This method offers a distinct advantage over heat treatment.HPP could 

(i) fulfill consumer demand for a product that possesses high nutritional content, lacks chemical 

preservatives, and offers a fresh flavor, and (ii) facilitate the creation of products with novel or 

distinctive attributes due to its unique impact on food elements. This technology has identified 

specialized markets, including guacamole treatment, natural ready-to-eat meat manufacturing, and 

smoothie and juice processing, and is frequently described as a means to produce functional meals. 

Multiple factors lead to HPP frequently being characterized as an environmentally friendly 

technology. In industrial-scale HPP of packed foods, the transmission fluid utilized is water, which is 

then recycled. Pressure is typically generated by high-pressure intensifiers that utilize electricity to 

create the pressure. The time required to attain the desired pressure varies based on the specifications 

of the high-pressure pump and the goal pressure level. Upon reaching the designated pressure, no 

further energy is necessary to sustain it. This contrasts with thermal treatment, which requires 

continuous energy supply during its length. Upon completion of the food treatment for the specified 

duration and pressure, the pressure release occurs within a timeframe of several seconds to a few 

minutes, without necessitating additional energy. This is contingent upon the pressure-release 

mechanism integrated within the HPP machine. This is an additional advantage compared to thermal 

treatments, which frequently necessitate extra energy to lower the product temperature post-processing 

to prevent significant deterioration of the end product's quality attributes due to excessive exposure to 

elevated temperatures. HPP is frequently characterized as an eco-friendly method because to its 

reduced energy consumption relative to thermal treatments, the recycling of the pressurization fluid, 

and the absence of waste generation (waste-free process). 

1.7.2 Hyperbaric Processing 

Tensile pressure of up to 250 MPa is used in hyperbaric storage (HS), a new way to keep food 

fresh. High storage (HS) is similar to low temperature storage in that both depend on controlling a 

thermodynamic variable (temperature or pressure) to keep food as stable as possible for long periods 

of time. Hyperbaric storage at room temperature (HS-RT) is when pressure is used at room temperature 

without any special rules. Hyperbaric storage at low temperature (HS-LT) is when pressure and low 

temperature are used together to make it easier to cool or freeze food. HS is a non-thermal method 

used in food technology that is similar to hydrostatic pressure in a broad sense. Colour, viscosity, and 

turbidity are some of the chemical and physical qualities that HS changes. The changes happened 

because of pressure acting on natural enzymes. In addition, these enzymes may have direct effects on 

the substances they work with, such as carbohydrates and polyphenols. HS can change the colour of 

something, but the effects are very different depending on the material and how it was stored. For 

instance, watermelon juice that was kept at different temperatures (15–25 °C) and pressures (25–100 

MPa) showed that it became brighter and less red, especially at pressures above 75 MPa. The suggested 

way that colours change is still not fully understood, but it might involve making yellow and brown 

pigments by oxidising red pigments and polyphenols with enzymes and without enzymes. The 

functions of polyphenol oxidase (PPO) and peroxidase (POD) actually go up when things are stored 

under pressure. Up to 25% of the lycopene in watermelon juice that was kept at 75 to 100 MPa and 25 

°C for 10 days was lost. This may have happened because carotenoids can reduce polyphenols that 

have already been broken down by PPO and POD. On the other hand, when it came to strawberry 

juice, HS did help stop the colour from fading, but cooling worked better overall. Even so, high 

pressure (50 to 200 MPa for 15 days) worked better than cooling to keep the volatile parts fresh. The 

process that causes the increase in cloudiness is still not clear, but the role of these enzymes in lowering 
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the viscosity of strawberry juice was studied. In particular, high shear up to 200 MPa at room 

temperature for 15 days increased PME activity, which made more demethylated pectin available for 

PG to break down. However, the authors suggested that other processes, such as making the substrate 

more available, may be involved. 

1.10 Vacuum Cooling, hypobaric storage 

Foods that are porous and high in wetness can be quickly cooled through evaporation using 

vacuum cooling. Vacuum chilling is a good way to pre-cool certain horticultural items, like fruits and 

veggies, to make them last longer in storage by reducing the amount of heat loss after harvest. Some 

foods, like drinks and baked goods, have been prepared with vacuum cooling, which speeds up the 

processing by cutting down on the time needed to cool the food. According to new studies, vacuum 

chilling is a good way to keep the quality of cooked meats, fish and ready-made meals because it cools 

things down quickly, which stops microbes from growing. Like vapor-compression refrigeration, 

vacuum cooling works by using the loss of liquid to cool things down. One difference between hoover 

cooling and other types of refrigeration is that hoover cooling cools by removing water straight from 

the product, while other types of refrigeration use cold air or other cooling media to move around it. 

Vacuum cooling is faster and more efficient than any other type of cooling, especially when it comes 

to cooling goods that are packed or on pallets. Vacuum cooling can be used for products that need to 

be delivered quickly and meet strict cooling requirements because it takes less time to work. In the 

freezer industry, liquid evaporation is the main way that things cool down. When a small amount of a 

liquid turns into vapour, it has to take in heat equal to the latent heat of evaporation from either the 

liquid or the air around it. This causes the temperature of either the liquid or the air around it to drop. 

Under normal conditions, 100oC is the temperature at which water boils. Regardless, lowering the 

pressure on water makes the boiling point lower. For example, when the pressure drops to 611 Pa, 

water boils at 0oC. The minimum temperature at which water can boil is set by the pressure that is put 

on it. This has a cooling effect. When open foods that are high in water are put under vacuum pressure, 

some of the water inside the foods may evaporate. This can cool the foods down to the temperature 

where water reaches saturation, which is the same temperature as the vacuum pressure. Usually, things 

are made up of two main parts: water and solid matter. As a result, one of the food components is used 

as the coolant in a vacuum cooler instead of pure water. Foods that are porous and full of water can be 

cooled by releasing some of their water at low temperatures and vacuum pressure. A vacuum cooler 

is a system that keeps the vacuum pressure going. There are two main parts to a standard vacuum 

cooler: a vacuum chamber and a vacuum pumping device. The vacuum cooling process has two 

separate steps: (a) removing most of the air from the chamber until it reaches the flash point, or 

saturation pressure at the food's starting temperature, with only a small amount of cooling happening; 

and (b) slowly lowering the pressure in the chamber until it reaches the final pressure, which is the 

main cooling phase for the products. The vacuum room is used to keep food fresh. It is usually 

horizontal and can be shaped like a cylinder or a rectangle. The chamber door is completely sealed 

during the chilling process. Any air leakage into the vacuum cooler makes the vacuum pumping system 

work harder. 

1.11 LET US SUM UP 

This unit gives you a detailed understanding of various processing techniques used in the food 

industry such as heating (thermal), cold methods like refrigeration and freezing, radiation processing 

and dehydration. It explains how these techniques alter the food’s structure, texture, flavor and 

nutritional value. Further, we explore pressure-based innovations like high hydraostatic pressure 

(HHP), hperbaric processing, vaccuum cooling, and hypobaric storage. These emerging technologies 

help in preserving food without significant nutrient loss and ensure microbiological safety. By the end 
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of this unit, you will have a scientific understanding of both converntional and modern food procssing 

methods and their impact on food quality. 

1.12 Check your progress exercise 

1. Define food technology and food processing.

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………...

2. Discuss various methods of thermal processing.

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………

3. Describe various freezing methods.

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………

4. Mention major advantages of food processing.

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………….... 

5. Describe effects of food deterioration.

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

……………………………………………………………………………………..
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Unit-2    Processing technologies for plant foods

2.0 Introduction  

2.1  Processing technologies for preservation and production of variety food products during 

storage 

2.2 Handling and processing of cereals 

2.3  Millets 

2.4  Legumes,  

2.5  Oilseeds,  

2.6  Fruits and Vegetables 

2.7  Hurdle technology 

2.8  Let us sum up  

2.9 Cheak your progress 

2.0 Introduction 

This unit focuses on the processing of plant-based foods such as cereals, legumes, legumes, fruits, 

vegetables, and oilseeds. These foods form a major part of our diet and require proper handling and 

preservation form farm to table, Students will learn how various storage and processing methods affect 

the quality and usabiligy of plant foods. We will also study canning and Hurdle technology, which are 

important for long-term food preservation. The aim is to introduce students to practical techniques that 

help reduce food loss and enhance product variety. 

Objective: 

 To learn processing techniques for cereals, legumes, fruits, and vegetables.

 To understand food preservation by canning and Hurdle technology.

 To explore how storage and handling affect food quality.

 To study how value-added plant products are developed during processing.

2.1 Processing technologies for preservation and production of variety food 

product during storage 

We studied the various food processing concepts and techniques. It is necessary to take into 

account a few aspects pertaining to food production, harvesting, and handling before processing. For 

example, what is the method for preparing the raw material (i.e., the food) for processing? What factors 

should be considered during the post-harvest treatment of fresh produce? What are the principal ways 

of food processing? This unit will concentrate on these elements. The production, harvesting, handling, 

and preparation of raw materials for processing will be emphasized. All dietary grains require various 

forms of processing, including primary, secondary, and tertiary, to render them palatable. This unit 

will cover these processing approaches. 

Objectives – 

After studying this unit, you will be able to 
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• Understand how fresh produce is produced and handled after harvest.

• Recognize the importance of raw material preprocessing.

• Elucidate the ideas behind primary and secondary processing of oilseeds, grains, and pulses.

• Discuss the ideas of fresh foods that have been barely processed.

2.2 Handling and processing of cereals 

In terms of output, yield, and land under many crops, India has come a long way in agriculture 

since it became independent. It has had a blue revolution, a white revolution, a yellow revolution, and 

a green revolution. India is currently the world's second-largest food producer, after China. It could 

soon become the world's largest food and agricultural creator. India grows more milk, cashew nuts, 

coconuts, and tea than any other country in the world. It also grows more wheat, sugar, and fish than 

any other country, and it grows more tobacco and rice than any other country. After Brazil and China, 

India grows more fruits and veggies than any other country. At the moment, India grows 47 million 

tons of fruits and 80 million tons of veggies. Indian farms grow 63% of the world's mangoes, 14% of 

the world's bananas, and 8% of the world's pineapples. Indian farms grow 12.4% of the world's onions, 

6% of the world's potatoes, 7% of the world tomatoes, 13% of the world broccoli, and 6% of the world 

cabbage. Even though the country's population has grown from 350 million in 1951 to 1000 million 

today, each person now has access to about 500 grams of food grains every day.. 

How carefully crops are picked and handled in the field has a direct effect on their quality, health, and 

the price at which they are sold. 

The objectives of the grower hence should be: 

• To harvest a good quality crop in good condition

• To keep the harvested produce in good condition until it is consumed or sold and

• To dispose of the crop to a buyer or through a market as soon as possible after harvest.

Planning must start early in the production process if these goals are to be met during

harvesting and selling. What to do to tell if a crop is ready to be picked? What are the things that 

should be thought about in order to get the best yield? What are the best conditions for gathering in 

terms of weather? What kinds of gathering methods should be used to cut down on waste? Lastly, 

what technologies should be used after gathering to get the most out of the crops and lower the risk of 

them going bad? We will learn more about all of these things in the parts that follow. First, let's talk 

about the idea of "harvest maturity." What does it mean, and what role does it play in the process of 

gathering crops? When should fresh food be picked? It is only possible to get the best quality fruits 

and veggies when they are picked at the right time. Picking the right time to harvest a crop is very 

important for people who grow fruits and veggies. Usually, any kind of fresh food is ready to be picked 

when it has grown to the perfect point for eating. People usually call this stage "harvest maturity." 

This is the point in time when the "fruit" is ready to be picked. 

How do you know when the crop is ready? Finding out when the crop is ready is the first thing 

that needs to be done before it can be picked. We've already seen what the word means, so let's look 

at how to place it. Different types of fruit and vegetables have different maturity factors that should 

be used to decide when to pick them. 

Some of the judgments are based on:  

• Number of days from setting
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• Sight-colour, size and shape

• Touch-texture, hardness or softness

• Smell-odour or aroma

• Taste-sweetness, sourness, bitterness

• Resonance-sound when tapped.

• Minimum juice content (citrus)

• Break in rind colour (citrus, mango, papaya, pineapple)

• Sugar-acid ratio (citrus, grapes, pineapple)

For this kind of evaluation, experience is the best thing to go by. Some crops are easy to tell

are ready to be picked: the green tops of bulb onions fall off, and the green heads of potatoes die off. 

While it can be harder to grow some crops, avocados stay green on the tree even after they are fully 

grown. 

• When is it appropriate to gather a crop? It will depend a lot on the weather and the state of the

market when the crop is ready to be picked. Once the choice to gather has been made, the best

time of the day needs to be thought about. To get the food to the market in the best shape

possible, it needs to be as cool as possible, packed correctly, and free of any damage. The most

important rules to follow

• Early in the morning or late in the afternoon is the coolest time of the day to harvest.

• Fruits and vegetables should not be picked when they are wet from dew or rain. If food doesn't

get enough air flow, wet food will get too hot and go bad faster. Some foods may be more

likely to get damaged when they get wet. For example, some citrus fruits may get oil spots and

their rinds may break down.

• When there isn't time to move the harvested food right away, keep it safe by putting it in open-

sided shade. If you leave food out in the sun, it will get very hot. For instance, potatoes that

are left out in tropical sunshine for four hours can get very hot, almost 50° C.

To keep the fields from getting too hot, food for local markets can be picked early in the

morning. If you can find a way to get your goods to markets that are far away, it might be best to 

gather in the late afternoon and take them there at night or early the next morning. Techniques for 

harvesting: There are different ways to harvest crops based on where they are grown, what kind they 

are, and how mature they are. 

Most of the food in developing countries is picked by hand for local markets in both cities and 

rural areas. More advanced harvesting equipment will mostly be used for growing cash crops for 

processing or sale, or both. Most of the time, gathering, picking, and catching by hand does less 

damage than using machines. By hand-harvesting, people usually pick fruits and veggies that are at 

different stages of ripeness over the course of a crop, which means that the crop needs to be harvested 

more than once over a period of time. Most of the time, machine picking can only be done when the 

whole crop is picked at once. picking by machine might be better than picking by hand. 

Fresh produce like fruits and veggies are very likely to go bad after being picked because they contain 

a lot of water. This is especially true in tropical climates. About 20–30% of the fruits and veggies 

grown in India each year, worth Rs. 3000–4000 crores, are lost because they are not properly managed 

after they are picked. The growers don't get much money back from these loses, and the cost of raw 

materials goes up, which affects the consumer in the end. So, handling fresh food properly after 
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gathering is a big part of cutting down on losses. Because they don't have much water in them, cereals 

and pulses stay pretty stable while being moved and stored. Because of this, not as much care is usually 

taken when treating them after harvest, other than drying them to a safe level (12 to 14%). During the 

whole process of harvesting and handling goods that have been gathered, methods should be used to 

keep them from getting damaged or lost. Here are the key steps that need to be taken to handle food 

or produce that has been harvested after it has been picked.  

Field processing 

Some methods of handling in the field could help keep the fresh food from going bad, 

especially while it's being transported. The fruits and veggies are picked and sorted right there in the 

field. You can also shell and stem peas, beans, and lentils in the field. Precooling the good in the field 

will help improve its quality and keep it from getting too hot while it's being shipped. 

Post-harvest treatments 

Treatments done to fruits and veggies after they are picked can greatly reduce the amount of 

spoilage. Chemicals like chlorine, sulfur dioxide, dichloran, and many more are used to stop diseases 

that spread after crops have been picked. Fresh food could last longer in the fridge if it was treated 

with skin coatings like wax coating of fresh fruits and veggies. Putting ethylene or chemicals that 

release ethylene on fruits, like ethrel or calcium carbide, helps them mature faster and more evenly. 

Packing and Transportation 

What should be done to keep the gathered food from going bad and being wasted while it is 

being packed and transported? What should you think about when moving these two over long 

distances? What kinds of packing should you use? Let's look at all of these things and try to understand 

them. After being picked, food should be put in the right container and well-packed. It should then be 

quickly carried to its destination without being exposed to the sun, rain, or wind, which could damage 

it. Commercial growers are using this method more and more because it reduces the damage caused 

by multiple handling by putting food straight into marketing packages in the field as it is being picked. 

Baskets, sacks, and trays are common ways for people in poor countries to bring food to markets. Most 

of the time, these are cheap and made from things that are easy to find, like dried grass, palm leaves, 

or bamboo. They work fine for short distances when moving fresh food, but they aren't great for long 

distances when moving heavy things.  

Farm roads should be kept in good shape so that fresh food can be moved without any damage. 

It is important to carefully load containers onto vehicles and stack them so that they don't move or fall 

over, which could damage the goods inside. When cars move, they need to be careful and have good 

shock absorbers and low-pressure tires. Once the goods get to their destination, they need to be moved 

right away to the right storage place based on how cold they are. When going to a faraway place, fresh 

food can be sent by air or by rail wagon. 

Preparation of raw materials for processing 

The raw materials that come in, including the packaging, should be checked out and kept an 

eye on to make sure they don't contaminate the food that is being made. Materials that need to be 

processed must be kept separate from places where materials are received. The raw materials are then 

worked on right away to keep them from going bad. Goods that are healthy and don't have any 

infections are chosen to be processed. Cleaning, peeling, cutting, trimming, and grating, sieving, 

soaking, processing, coating, blanching, simmering, sprouting, fermenting, grinding, drying, and 

filtering are some of the steps that are used to get raw materials ready for use. 
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Cleaning 

Fruits, veggies, and many other types of food can be cleaned. Another part of cleaning is 

soaking or washing foods, which can be used for cereals, beans, fruits, veggies, and meats. When you 

wash fruits, you get rid of dirt, bugs, pesticides, fertilizer leftovers, twigs, stalks, sand, soil, and insects. 

Soaking helps break up dirt that is stuck together, especially on root crops. When you wash grains or 

dhal, you get rid of the husk, mud, and other things you don't want. Cold running water is used to 

scrub hard veggies. 

Sorting 

 Sorting is done to separate the ripe fruits from the not-yet-ripe or over-ripe ones. At the same 

time, parts of fruits that are broken will be taken off. To look inside some fruits, they are cut in half. 

Peeling and stringing 

 In these methods, the parts of fruits or veggies that can't be eaten or are fibrous are cut off. It 

can be done (a) by hand, (b) with steam or hot water, (c) with lye or alkalis (NaOH, KOH), or (d) with 

machines. Before the raw material is processed, peeling makes it easier to cut it into pieces or slices. 

Cutting and grating 

Cutting food into smaller pieces is what it means. This makes cooking easier. This can be done 

with words like cut, chop, mince, dice, and slice. 

Blanching 

Food is blanched by submerging it in hot water for a short time and then pulling it out of the 

water quickly. This kills the enzymes in food that would otherwise turn it brown and lose its taste, so 

it is used before putting food away to keep it fresh. Tomatoes, potatoes, almonds, carrots, and beans 

are often steamed. 

Sieving 

Sieving is done to get rid of lumpy fibers and bugs, and it's also used to mix flour and baking 

powder when making cakes. 

 Grinding 

The word means to break up into small pieces by rubbing against something, like in a mill or 

with your teeth. There is both wet and dry grinding in this. Grinding idli batter and making chutneys 

are both examples of wet grinding. When you dry grind, you turn spices into masala powders and 

wheat and other food grains into flour. 

 Processing 

Everything that is done to get food ready to cook and serve is called processing. This includes 

a lot of different steps, like mixing, blending, binding, beating, whipping, folding, mashing, rolling, 

and packing. 

 Marinating 

Food is marinated by letting it soak in a marinade, which is a seasoned liquid that usually has 

an acid in it like vinegar, lemon juice, or wine to make it taste better or make it more soft, or both. 

Many flavor mixtures, such as oil, flavor, and acid, are used to marinate fruits, vegetables, and meats. 

The juices in meat stay in better when you use oil. By breaking down connective tissue, acid is used 

to make things more flexible. In general, vegetables like potatoes, peppers, onions, brinjals, radish, 
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bitter gourd, and radish are marinated.. 

 Sprouting or Germination 

Seeds sprout and start to grow during this process. It is common to grow different types of 

grains, such as green gram, Bengal gram, peas, and cereals like ragi and wheat. Pulses that have been 

sprouted are used to make salads and soups. 

Fermentation 

 Fermentation uses enzymes and bacteria to break down complicated matter into simpler ones. It's 

possible for this to happen with or without oxygen. A lot of the time, fermented foods are healthier 

than their unfermented cousins. 

 Drying 

Dehydrating, also known as drying, takes the water out of food. Getting rid of the wetness 

helps the food last longer. 

 Filtering 

 This process is usually done to clean food by getting rid of dirt and other unwanted bits or to 

dry it out. Coffee, tea, rice, soups, fruit drinks, and tamarind water are all foods that are filtered. 

Primary processing of cereals, pulses and oilseeds 

Cereals and lentils are both nutritionally important because they are common foods that most 

people eat every day. Also, they don't cost too much and are a good way to get protein, energy, and 

important vitamins and minerals. All food items need to be processed in some way before they can be 

eaten and used in the most efficient and cost-effective way. This is because grains have a protected 

layer of fibrous husk or bran on the outside. Some cereal grains, like rice and maize, have oil-rich bran 

or germ that is valuable for making money but not good for storing. Getting these parts separated from 

the grains is called primary processing, and it's necessary to do it before they can be stored safely and 

taste better. There is a method called secondary processing that is used to make flour, semolina, flakes, 

and popped grains. They are further processed in tertiary processing to make a wider range of products 

that can meet the rising demand for ready-to-eat or ready-to-use goods. Now, let's look at the different 

stages of processing that different foods go through. Cereals are the first item on the list because they 

are a staple food. 

2.3    Millets 

Millets provide food security, and they need to be promoted because they are very healthy. In 

the past, these have been important foods, especially in Asia and Africa. It has become much less 

common to eat sorghum and other millets directly as food over the last thirty years. India's millets 

production has dropped a lot because people aren't buying as many of them. India used to grow 7 

million tonnes of sorghum, but now they only grow 4.2 million tonnes. They used to grow 10.4 million 

tonnes of bajra, but now they only grow 8.1 million tonnes. They used to grow 2.2 million tonnes of 

ragi, but now they only grow 1.8 million tonnes. And they used to grow 0.44 million tonnes of small 

millets each year.  

According to FAO data, ( 2017) millet produce rank fifth globally, followed by maize, paddy, 

wheat, and barley. This Nutritional Bulletin includes nutritional profile of sorghum, pearl millet, finger 

millet, foxtail millet, common millet, little millet, barnyard millet and kodo millet. Millions of millets 

are eaten by people in poor countries, but in developed countries, they are mostly used to feed animals. 

Millets and sorghum don't have gluten, so they can be used as healthy grains. Millets are a good source 
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of fiber, minerals, and B-complex vitamins in general. Minerals are not as easily absorbed in millets 

because they have a lot of fiber and some substances that are bad for you, like phytates and tannins. 

Few tests on people have shown that millets tend to be less iron-rich than rice or even wheat when it 

comes to absorption. Millets also have a lot of phytochemicals that are good for you, such as 

phytosterols, phyto-oestrogens, phytocyanins, polyphenols, and lignans. These help protect against 

age-related degenerative diseases like heart disease, diabetes, cancer, and others by acting as 

antioxidants, immune system modulators, cleansing agents, and so on. Some nutrients, like vitamins, 

minerals, and essential fatty acids, are known to help avoid nutritional deficiency diseases. They can 

also help prevent diseases that get worse over time. Millets are safe for people with celiac disease and 

gluten allergies because they don't contain gluten. They don't break down into acids, are easy to 

stomach, and don't cause allergies. Millets might help protect against diseases that get worse with age. 

Millets lower the risk of heart disease, diabetes, and cancer. They also cleanse the body, boost the 

immune system, improve respiratory health, give you more energy, protect against degenerative 

diseases like metabolic syndrome and Parkinson's disease, and make your digestive system work 

better. Resistant starch, oligosaccharides, lipids, antioxidants like phenolic acids, avenanthramides, 

flavonoids, lignans, and phytosterols are some of the important nutrients found in millets. These 

nutrients are thought to be responsible for many health benefits. The study is no longer just about 

sorghum; it's also about other millets. The recipes were made at the Indian Institute of Millets Research 

(IIMR), which was upgraded from the Directorate of Sorghum Research (DSR), which was a central 

agency under ICAR that used to work on sorghum. Now that it has been upgraded, all parts of millets 

are included, and research and development are done. The NAIP-Millets Value Chain sub-project 

focuses on this kind of work with certain millet foods, like sorghum. If the model works, it can be used 

with other millets as well, which will be very helpful for consumers, households, and business owners. 

They can learn new ways to make health-beneficial value-added products that aren't available on the 

market, and these value-added products can help fight nutritional deficiency disorders. Value-added 

products can help people in their homes, businesses, self-help groups, small and big businesses make 

more money by encouraging them to make and sell these kinds of goods. By advertising these goods 

with added value, we can help people's health and their ability to get by in life. Working together led 

to the creation and launch of technologies for a number of handy, nutritionally rich sorghum products 

on a pilot scale in Hyderabad. Entrepreneurs and policymakers started to think about sorghum as a 

priority after successful marketing campaigns and policymakers became more aware of the issue. 

Millets are a group of very different small-seeded plants that are grown all over the world as cereal 

crops or grains for food and animals. No, they are not a taxonomic group. Instead, they are a functional 

or agricultural group. Millets are important crops in Asia and Africa's semi-arid tropics, especially in 

India and Nigeria. In fact, 97% of the millet grown in the world is in poor countries. A lot of people 

like this crop because it grows quickly and well in dry, hot conditions. Pear millet is the type that is 

grown the most. It is an important food in India and some parts of Africa. Also very important are 

finger millet, proso millet, and foxtail millet. In the world we live in now, millets are not as important. 

Proso millet is the only important type of millet in the US, and it is mostly grown for bird food. 

Although millets are native to many places around the world, the most wild and domesticated types 

are found in tropical western Africa. This is where they are thought to have evolved from. Millets have 

been an important food source for many years, especially in Asia and Africa. For the past 10,000 years, 

people in East Asia have grown them. In the semi-arid areas of Asia and Africa, sorghum and millets 

have been important foods for hundreds of years. Many of the poorest people in these areas still get 

most of their energy, protein, vitamins, and minerals from these foods. Millets and sorghum are grown 

in harsh places where few other foods can grow or produce much. Most small-scale farmers in many 

countries grow them with little or no fertilizer or other inputs because they don't have access to a lot 

of water. This is why they are mostly eaten by poor people; this is why they are sometimes called 
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"coarse grain" or "poor people's crops." They aren't usually bought and sold on the world market or 

even in many countries' local stores. Because of this, farmers rarely have a guaranteed market in case 

they have too much food. Sorghum, pearl millet, finger millet, foxtail millet, common millet, little 

millet, barnyard millet, and kodo millet are some of the crops that this article talks about. Teff 

(Eragrostistef), which is grown a lot in Ethiopia, isn't really a grain, so it's not in this list. Not as 

important are other millets like fonio (Digitariaexilis) and Job's tears (Coixlancryma -jobi). Pearl 

millets were grown around the world less in 2014 than they were in 2010, when they were grown 32.8 

million tonnes. More than 98% of the world's pearl millets are grown in Asia and Africa, making them 

the two biggest producers. African countries' share of world millets production dropped from 49.22% 

in 2010 to 43.72% in 2014. On the other hand, Asian countries' share rose from 48.72% in 2010 to 

52.25% in 2014. The FAO says that sorghum (Sorghum bicolor L.) is the fifth most important food 

crop in the world, after maize, rice, wheat, and barley. The world's sorghum production went from 60 

million tonnes in 2010 to 68.9 million tonnes in 2014. This was a big jump after a big drop to 57 

million tonnes in 2011. In 2014, Africa was the biggest producer of sorghum, making up about 42% 

of the world's total production. The Americas came in second with 39.75%, and Asia came in third 

with 14.04%.  

Sorghum 

Sorghum (Sorghum bicolor L.) is a warm-season crop that doesn't do well in cold weather but 

isn't too vulnerable to major pests and diseases. It goes by many names, like guinea corn and great 

millet in West Africa, Asia, and some parts of the Middle East. Animal feed is the main use for most 

of the sorghum grown in North and Central America, South America, and Oceania (FAO, 1995). The 

grain has a naked caryopsis with a pericarp, an endosperm, and a germ. Sorghums come in four groups, 

even though they look very different: (1) grain sorghum; (2) feed sorghum glum; (3) grass sorghum; 

and (4) Sudan sorghums and broomcorn.   

Sorghums are grouped using the following characteristics. 

• The color of the pericarp (white, yellow or red)

• Presence or absence of pigmented testa (with/without tannins)

• Pericarp thickness

• Endosperm color (white, hetero yellow or yellow)

• Endosperm type (normal, hetero waxy or waxy.

Finger Millet 

Finger millet is a crop grass that is mostly grown for its grain (Eleusinecoracana (L.) Gaertn). 

Finger millet is a strong, curled, stem-sprouting annual grass that can grow up to 170 cm tall. Finger 

millet gets its name from the panicle-shaped flower head that has 4–19 finger-like spikes that look like 

a fist when they are fully grown. Up to 70 alternate spikelets, each with 4 to 7 small seeds, grow on 

the spikes. The pericarp of the seed is separate from the center and is simple to separate from the seed 

coat (FAO, 2012). A lot of people in Africa and South Asia eat finger millet every day. Plus, it's easy 

to store, so it can be useful during times of famine (FAO, 2012). The grain is easy to process, very 

healthy, and can be used in many ways. It can be cooked like rice, ground into porridge or flour, or 

baked into cakes. Infants and older people should eat grains that have been sprouted. Finger millet is 

also used to make alcohol (called araka or areki in Ethiopia) and beer, and the leftovers are fed to 

animals (FAO, 2012). Not many people feed their animals finger millet grain because it is mostly used 

for food and isn't as good for them as corn, sorghum, or pearl millet. In India, it is sometimes used to 

feed newborn cows, animals that are growing, and animals that are sick and getting better.  
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Pearl Millet 

Pearl millet, or Pennisetum glaucum L., comes from central tropical Africa and grows in large 

amounts in India and the drier tropics. It was first brought to the Western states in the 1850s, and in 

the Southeast and Gulf Coast states it became a small forage plant. Around 4000 to 5000 years ago, 

people in the southern edges of the central highlands of the Sahara possibly tamed the plant and used 

it as a food crop. Since then, it has spread widely across the semiarid areas of Asia and Africa. Pearl 

millet has been grown for a long time as an important grain, forage, and stover crop, mostly in dry and 

warm parts of many developing countries. Diseases that make it hard to grow pearl millet are becoming 

more of a problem as the crop spreads to new areas in temperate and developed countries. As interest 

in pearl millet as a crop that can grow in non-traditional areas has grown, accurate knowledge about 

the diseases that affect the crop has not kept up. Pearl millet does well in places where it is dry, the 

land isn't very fertile, and it is very hot. It works well in soils that are either very salty or have a low 

pH. It can be grown in places where other cereal crops, like wheat or corn, would not be able to because 

it can handle tough growing conditions. 

Proso Millet 

Panicum miliaceum (L.), or proso millet, is an annual grass that grows from seeds every year. 

It is thought to have been grown in the Central parts of Europe as early as 2000 B.C., which is a long 

time ago. This plant does very well in dry places like Central Russia, the Middle East, Northern India, 

Africa, Manchuria, and the Great Plains in North America. In the early 1900s, proso millet was used 

in small amounts as a feed crop. It was first brought to Canada in the 1600s. Proso millet is a crop that 

doesn't need much care, and no diseases are known to affect it. Because of this, Proso millet is often 

used in Europe in organic farming. It is often grown between crops in the United States. Proso millet 

can help keep crops growing all summer long, so there is no need for a summer rest. Proso millet 

grows well between two crops that need a lot of water and pesticides because its roots don't go deep 

and it doesn't leave behind atrazine waste. The last crop's stumps let more heat into the earth, which 

helps the millet grow faster and earlier. 

Kodo Millet 

Kodo millet, or Paspalum scrobiculatum L. grows in wet places all over the tropics and 

subtropics of the world. It is an Indian grain that is grown in Uttar Pradesh in the north and in Kerala 

and Tamil Nadu in the south. This grain is also called varagu, haraka, and arakalu. It is the main part 

of the food that meets nutritional needs. It has a lot of fiber (14.3%), not much fat (4.2%), and a lot of 

protein (11%). It's easy to process kodo millet, which has a lot of lecithin and is great for making the 

nervous system stronger. Kodo millets have a lot of minerals and B vitamins, like folic acid, niacin, 

and B6. They also have a lot of calcium, iron, potassium, magnesium, and zinc. Kodo millets don't 

have gluten, so they're good for people who can't eat gluten. Women who have gone through 

menopause and have heart disease symptoms, such as high blood pressure and cholesterol, should eat 

kodo millet on a regular basis. 

Foxtail Millet 

Foxtail millet, or Setariaitalica (L.) P. Beauvois, is thought to be from China and is one of the 

oldest crops still grown today. As the second most important millet crop in the world, foxtail millet is 

still an important part of agriculture, providing about six million tons of food for millions of people, 

mostly on poor or marginal soils in southern Europe and temperate, subtropical, and tropical Asia. It 

will grow from sea level up to 2000 m above sea level. It can't stand standing water. It's not too bad 

when foxtail millet is dry; it can even get through some droughts because it grows so quickly. It can 

be grown as a short-term catch crop because it grows so quickly. It can grow in a lot of different soils, 
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temperatures, and elevations. Its grain is eaten by people and fed to chickens and other birds in cages. 

Barnyard Millet 

Barnyard millet, or Echinochloacrusgalli (L.) P. Beauvois, is a crop that is grown for both food 

and animal feed. As well as its Japanese name, ooda, oodalu, sawan, sanwa, and sanwank, it goes by 

other names as well. Nutritionally, it's also a good source of protein that is easy to stomach and a great 

source of dietary fiber that has a good mix of soluble and insoluble fibers. It's low in carbohydrates 

and digested slowly, which makes field millet a natural gift for people who don't do much physical 

activity these days. linoleic acid is the main fatty acid in wild millet. It is followed by palmitic acid 

and oleic acid. A lot of amylose is also being broken down backwards, which makes it easier for more 

resistant carbs to form. Therefore, it might be a good idea to suggest it to people who have heart disease 

or diabetes. The best way to use barnyard millet is to lower your blood sugar and cholesterol levels. 

Little Millet 

Small millet, Panicum sumatrense, was first grown in gardens in India. It is only grown in 

small amounts in India up to an elevation of 2100 m, but it is not very important anywhere else. The 

little millet seeds are not as big as the usual millet seeds. The proso millet and this species of grain 

look a lot alike, but this one is smaller. Each plant grows one year and has blades that can be straight 

or folded. It can grow to be 30 cm to 1 m tall. The leaves are straight and sometimes have a hairy 

lamina and a hairy ligule that goes through the membrane. They have an awn that is 2 to 3.5 mm long 

and is between 4 and 15 cm long. The grain is smooth and round, and it's 1.8 to 1.9 mm long. It can 

handle both dry conditions and a lot of water. Up to 2000 m above sea level, it can be grown. There is 

also little millet, which is a good catch crop because it grows quickly and doesn't mind bad weather. 

For horses, the stover is a good food. 

2.4  Legumes 

Legumes are one of the three main groups of blooming plants. Gramineae (cereals and grasses) 

and Leguminosae (legumes or the bean family) are the flowering plants that are most important to 

agriculture around the world. There are about 750 genera and 19,000 species of herbs, bushes, trees, 

and climbers in the Leguminosae family. The Mimosoideae, Caesalpinoideae, Swartzioideae, and 

Papilionoideae are the four subfamilies that make up this big family. For 6,000 years, people have 

grown legumes as food. People who lived near lakes in Switzerland between 5000 and 4000 B.C. grew 

peas (Pisum sp.) and a type of bean called a small field bean. Soybeans were first grown in China 

between 3000 and 2000 BCT. Egypt also grew legumes like lentils as part of their farming systems, 

and the Bible talks about faba beans. Important packaged pulse foods are puffed chickpea and pea, 

besan, papads, pulse-based baby foods, dhals that cook quickly, and dry peas that come in a can. 

Oilseeds In the same way that beans are high in protein, oilseeds and nuts are also high in fat. India 

produces 9.6% of all the oilseeds in the world right now. The country mostly grows peanut, rapeseed 

or mustard, castor seeds, sesame, nigerseed, linseed, safflower, sunflower, and soybean oilseeds. But 

a big part of the output comes from peanut, rapeseed/mustard, and soybean. Legumes have a lot of 

carbs, minerals, vitamins, and phenolics, inositol phosphates, and oligosaccharides, which are all good 

for your health. There are several thousand different proteins that make up legume proteins. Between 

70 and 80% of the protein in legume seeds is stored protein. An enormous amount of proteins are built 

up in legume seeds as they grow. Albumin and globulin are the main types of proteins. The albumin 

fraction has a balanced mix of amino acids and a lot of sulfur-containing amino acids (methionine and 

cysteine). On the other hand, the globulin fraction is different in its amino acid makeup, the molecular 

weight of its protein subunits, and its physical and chemical qualities. Up to 20% of peas and beans 

and up to 40% of soybeans and lupin are protein-rich. Because it has a lot of lysine, the protein balances 

UGHN-115/40



out the lysine in grains. Legumes have between 390 and 510 grams of starch per kg, which is a major 

source of energy. This starch from legumes has a lot of amylopectin in it. Except for soy and lupin, 

legumes have about 1% to 2% oil, which is mostly made up of polyunsaturated fatty acids. Due to 

their high nutritional value, bean seeds can be used instead of meat and are also a good source of 

nutrition for vegetarians. Isolated proteins, starch, and fibers from legume seeds are good for your 

health and have good physicochemical qualities. Only cereals (Poaceae) are a bigger source of food 

for people than legume seeds, which are also called pulses or grain legumes. In terms of nutrition, 

these have more protein than wheat grains. If you eat cereals and beans together, you get all the protein 

you need. Kidney beans are a main food source in Latin America. In South Asia, lentils, pigeon peas, 

and chick peas are important foods. In the Middle East and North Africa, faba beans, lentils, and chick 

peas are also important sources of protein. Peanut butter and soy milk are two common foods that are 

made from beans. In many parts of the world, people have used a lot of different beans as medicine. 

Abuki bean is said to make you pee and make you milk more. It makes the kidneys and adrenal glands 

work better and cleans out the body. For leucorrhoea, jaundice, swelling, mumps, boils, and diarrhea, 

it works very well. Black bean can help with pain, especially lower back pain and knee pain. It is said 

to be a booster, a hemostatin, and a diuretic. If you have diarrhea, dysentery, conjunctivitis, oedema 

in your lower limbs, high blood pressure, intestinal sores, painful urination, burns, mumps, or are 

poisoned by food, lead, or pesticides, mungbean can help. Peas make you pee and light poop. These 

are used to treat coughs, hiccups, vomiting, and trouble going to the bathroom. They are also very 

good for strengthening the heart, pancreas, and stomach. Peas lower the risk of skin sores like 

carbuncles and boils and help them heal faster. Soybeans are a great way to help kids who aren't getting 

enough food. It is used to treat muscle cramps, arthritis, bloating, skin eruptions, constipation, toxemia, 

and food that won't move while you're pregnant. It makes the spleen, liver, and kidneys stronger. The 

kidney bean helps you pee more and is also good for healing oedema and swelling. Lentils make the 

adrenal glands work better and make the kidneys healthier. People say that lima bean is good for your 

liver and lungs and makes your face look better. The spleen, liver, and kidneys get stronger when you 

eat string beans. It is used to treat diabetes, diarrhea, and leaky gut.  

2.5  Oilseeds 

Oil that can be eaten comes mostly from oilseeds. Cakes made from oilseeds that can be eaten 

are often very healthy and can be used for both people and animals. The leftover oilcake has been used 

to make protein-rich foods that babies and preschoolers in poor countries eat. The process of turning 

oilseeds into oil and meal that can be eaten has four key steps. 

There are four main steps involved in the preparation of oil and edible meal from oilseeds 

1. Preparation of the raw material

2. Oil Extraction

3. Clarification

4. Packaging and storage

Raw material preparation 

This requires cleaning and removing the shell. Before they can be processed, some raw oilseeds 

need to have their thick husk or seed coat taken off. The process of taking them off is called 

decortication, and there are many tools that can be used for small-scale production. Once the seeds 

have been cleaned, the husks or seed coat can be separated from the oil-containing material by gently 

throwing the seeds into the air and letting the air blow off the husks. This method is known as 

"winnowing," and it needs skill and knowledge. Some oilseeds need to be flaked or ground up. Grocery 
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nuts can be turned into coarse flour by hand-pounding them with a pestle and mortar or by using more 

modern roller mills. Sunflower seeds should be ground in flakers, and palm kernels should be ground 

in hammer mills. After that, some ground oilseeds, like sunflower and peanut, are prepared by adding 

10% water and then heating them to 90° C to break up the oil-containing cells. Traditionally, the seeds 

are heated over open fires, but now you can buy seed scorchers, which are basically pans with stirrers 

built in, to better mix the seeds. 

2. Oil extraction

Here are some different ways to get oil out of the ready-to-use oilseeds: 1) the old way, which 

is ghani; 2) the better way, which is (a) mechanical pressing (also called hydraulic pressing), (b) screw 

pressing (also called extractor pressing), (c) solvent extraction before pressing, and (d) solvent 

extraction directly after pressing. Let's learn more about these ways: i) Ghani: This word comes from 

India, but it is now used more often. A ghani is made up of a mortar and pestle made of wood. The 

mortar is set in the ground, and the pestle is inside it. Friction and pressure from the pestle break the 

raw materials. The pestle has to be moved by an animal, and as it does so, the oil is pressed out and 

runs through a hole in the mortar's bottom. The cake-like waste is then taken out. Ghanis can only use 

two animals at a time because one animal will get tired after three to four hours. More and more people 

are buying motorized ghanis, which are quickly replacing equipment that is driven by animals. This is 

the usual way to make mustard oil, groundnut oil, and sesame oil. a) Hydraulic pressing: The raw 

materials are put into heavy metal cages with holes or slots (12 to 16 Nos.), and a metal hammer is 

used to press out the oil. The highest pressure that is used is 2000 psi for 20 to 50 minutes. Based on 

the raw material, the press cake may have anywhere from 5 to 8% oil. b) Screw pressing (expeller 

pressing): The raw material is fed into the expeller all the time, and as it moves through the machine, 

it grinds, breaks, and presses out the oil. Oil moves through the holes in the covering and gathers at 

the bottom. The oilcake, which is the waste, is pushed out of the unit's end. Power is used to run most 

small expellers. After the second pressing, the press cake may have anywhere from 5 to 8% oil. (c) 

Prepress solvent extraction: In this method, the oil from the raw material is removed using a screw 

press and a single pressing action. Then, food-grade hexane is used to extract the remaining oil from 

the press cake. The material is then desolventized. The quality of the protein in the meal made this 

way is not changed in a bad way. d) Direct solvent extraction: This method is used for oilseeds like 

soybeans that don't have much fat in them. There are three steps in the process: (i) cooking the material 

in steam and flaking it; (ii) using food-grade hexane to extract the flakes from the solvent; and (iii) 

using the meal to remove the solvent. 

2. Clarification of oil

 The fine pulp and fiber from plants are mixed in with crude oil. In smaller amounts, it also has 

less water, acids, colors, and bacteria, which makes it darker. These impurities are taken out of the oil 

by clearing it. This can be done by using a clarifier or leaving the oil alone for a few days and then 

skimming off the top layer. If you need more information, you can filter the oil through a plastic funnel 

that has a tiny filter cloth attached to it. The last step is to heat the oil until it boils off any water and 

kills any germs. For raw materials that are handled while they are still wet, like coconut, heating is 

used before clarification to break up the emulsion. Once these impurities are taken out, the oil can last 

longer, from a few days to several months, as long as it is kept properly.  

3. Packaging and storage of oil

 Rancidity can break down oil and give it bad tastes while it's being stored. This might not 

happen if you use clean, dry objects that keep out light and heat and keep metals like iron and copper 

from touching them. Bottles made of sealed glass or plastic work well for packing. To get rid of all 

signs of water, the containers should be dried properly after being cleaned. The oil should last between 
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6 and 12 months if it is properly stored and kept out of heat and sunlight. 

4. Minimally processed fresh foods

Consumers today want more and more easy, ready-to-use, and ready-to-eat foods that taste like 

they were just picked and only have natural ingredients. The idea of minimal processing means taking 

care of foods throughout the whole post-harvest system, from the farm gate to the customer, while 

also meeting the needs of consumers for freshness and ease of use. This method of minimal processing 

is also known as "hurdle technology" because it puts a number of obstacles in the way of the 

microorganisms' ability to grow and survive. These include weak acid treatments combined with 

modified atmosphere packaging, mild heating with less water activity, or different amounts of mild 

heating and chilling. Traditional foods like prepared salads and veggies, prepared fruits, prepared 

meats, and heat-and-eat meals are examples of minimally processed foods. Newer foods like fresh 

pasta and pasta sauces are also examples. Most of the heat treatment that these items need is not as 

much as what is needed for canned foods. A very large part of the market is made up of chilled ready-

to-eat or ready-to-heat foods. Fresh, sliced apples and potatoes that are stored in modified atmosphere 

packing and can be used for three weeks are great examples of this. It is very important that these 

goods are prepared and packed in a vacuum, and they are cooked at pretty low temperatures. 

The advantages of minimally processed foods are many: 

• Maintains quality and freshness.

• Makes fruits and veggies easy to prepare and ready to cook

• Extends the shelf-life

• Lowering the bulk makes it easier to store, move, and package.

• Boosts the sale of vegetables that have been barely processed

• Renders 60% value addition

• Low technology, which means that complex machines are not used..

A higher level of product safety is also very important to retailers and manufacturers. The 

fresh-like goods go bad very quickly, so it's important to take steps to make them safer. Products that 

have been minimally treated quickly lose quality compared to the raw material because the integrity 

of the tissues changes during processing. Because of this, barely processed foods must be kept in the 

fridge at all times and kept safe from temperature abuse while they are being shipped and sold.. 

2.6 Fruits and vegetables 

Consuming a variety of fresh, minimally processed fruits and vegetables on a daily basis is 

recommended for better heart health, weight management, diabetes control, and other health and 

nutrition benefits. The United States has a market for fresh and fresh-cut foods like bagged salads that 

is growing quickly. This is happening at a time when people are eating more fresh fruits and 

vegetables. Because of this, the risk of foodborne illness from fresh and freshly cut fruits and veggies 

is very high. As Americans have eaten more fruits and vegetables, there have been more outbreaks 

linked to them. While contaminated fruit was only to blame for 0.7% of all foodborne outbreaks in the 

1970s, it was the main cause of 6% of all outbreaks in the 1990s. From 1990 to 2005, 713 of the 3204 

outbreaks that happened most often were linked to produce, which is 22% of the total. Salmonella was 

the most common contaminant in outbreaks involving a known disease. Salad, lettuce, juice, melon, 

sprouts, and berries are some of the produce foods that are most often linked to outbreaks. Escherichia 

coli O157:H7 and Shigella are two other bacterial pathogens that are often linked to outbreaks that 

UGHN-115/43



involve produce. The ongoing nature of produce-related cases makes people less confident in the 

safety of the product, which could lead to a rise in the amount eaten per person. A lot of research has 

shown that human pathogens like Salmonella spp., E. coli O157:H7, Listeria monocytogenes, and 

Shigella spp. can get onto fresh fruits and veggies, both whole and cut up. It is known that many types 

of fresh and freshly cut fruits and vegetables allow germs that can make people sick to grow on their 

surfaces. There are, however, big gaps in our knowledge about how to keep fruits and veggies from 

getting contaminated and how to best get rid of or inactivate pathogens in high-risk produce. There 

are both old and new tools in this set, from well-known chemical and physical ways to advanced 

technologies that most people have never heard of. Our goal is to find ways to treat fruits and veggies 

so that they are safer for microbes.  

Cold Plasma 

Irwin Langmuir was the first person to use the word "plasma" to describe this fourth state of 

matter, which is a partly or fully ionized gas, and he found that ionized gas can oscillate. As the energy 

input goes up, the phase changes from solid to liquid and then to gas. Similarly, when the energy input 

goes up past a certain point in the gas state, molecules become ionized, which creates the plasma state. 

Either a low-temperature glow discharge that is not in equilibrium or a high-temperature thermal 

plasma that is in equilibrium can be used to make plasma. Plasma is used in many areas because of its 

unique qualities. It is used in textiles, electronics, life sciences, packaging, and more. It is now common 

practice to use plasma technology to clean surfaces and get rid of the disinfectant chemicals that are 

used on medical devices made from heat-sensitive plastics. In the biomedical field, plasma technology 

is used to sterilize instruments and prostheses quickly and cold. It is also used on many thermo-labile 

materials in the biomedical technology field because it has benefits like having little to no effect on 

the materials it is used on and being safe to use on nontoxic compounds. Usually, harmful chemicals 

and heat are used to clean the surfaces of foods like fruits, nuts, and spices, but these methods take a 

long time, damage the food, and leave behind harmful chemicals.  

Cold plasma is a chemically active, non-thermal way to kill microbes in food that is still fairly 

new. Plasma is a state of matter that is different from solids, liquids, and gases. In everyday language, 

plasma can be thought of as an ionized gas that contains reacting chemical species like free radicals, 

ions, electrons, excited atoms, and molecules. Electric arcs and open fires are more common types of 

plasma, but they work at temperatures that are bad for making plasma. New technology lets us finetune 

the ionizing energy used to create the plasma field, which keeps the food from getting damaged by 

heat. Cold plasma kills microbes in three main ways: (1) charged particles (e.g., O, OH, H¾, e) or 

reactive species (e.g., O, O3, H2O2, NOx) react chemically with cell membranes; (2) ultraviolet (UV) 

radiation damages membranes and cell parts directly; and (3) UV radiation breaks DNA directly. A 

lot of study is still being done to figure out exactly which mechanism is mainly responsible for 

antimicrobial activity in any given situation.  

A plasma treatment can kill a lot of different germs, like spores and viruses. As an alternative 

source for surface sterilization and disinfection, cold plasma technology is chosen because it can work 

on both vegetative cells and spores in less time. Plasma is made up of chemicals that are highly volatile 

and include free radicals. Radiations are also often made, ranging from UV to visible light. People 

think that the part of each constituent changes depending on the gas and the pressure at which it works. 

UV light can damage microbial DNA, chemicals from spores can evaporate, and the surface of spores 

can be "etched" by adsorption. These things happen because of reactive species like free radicals. 

Microbial growth can be stopped by cold plasma, which extends the shelf life of fresh foods. A recent 

study found that strawberries treated with cold plasma had a 12–85% drop in the total mesophilic 

count and a 44–95% drop in the yeast and mold count. Plasma with a low temperature was used to kill 

E. coli in raw milk. After 3 minutes of treatment, they saw a 54% drop in E. coli. When air plasma 
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and SF6 were used on nuts like pea nuts, hazel nuts, and pistachios, the overall amount of aflatoxins 

was cut in half with air plasma and in half again with SF6. A 15-minute treatment with plasma can get 

rid of 2.72, 1.76, and 0.94 logs of S. Typhimurium on cabbage, strawberry, and potato, in that order. 

How well microbial inactivation works relies on the surface of the food being treated, the plasma 

device, the gas composition, and the way it is exposed. Produces like potatoes and strawberries took 

longer to kill all bacteria because they had grooves and uneven surfaces. Salmonella Enteritidis and 

Listeria monocytogenes from table eggs were killed by gas plasma. The ability of a cold plasma device 

to clean will depend on how well these modes of action work together. Cold plasma has been shown 

to kill more than three logs of human pathogens, like Salmonella and E. coli O157:H7, on fresh fruit. 

It also kills about the same number of phytopathogens and spoilage organisms, like Aspergillus spp. 

and Penicillium spp., on grains and legumes. Cold plasma could be used as a post-packaging process, 

with 4–5 log decreases possible with different types of cold plasma equipment. This is especially 

useful for fresh and freshly cut fruits and vegetables. When cold plasma was used at room temperature 

and pressure, it killed more than 8 logs of L. monocytogenes on sliced cheese and ham. Different cold 

plasma technologies are designed in fundamentally different ways. The most important difference is 

how the cold plasma is made and sent to the areas that need to be treated. The physical distance 

between where the cold plasma is made and where it is used is an important issue. This distance 

between them can also show up mechanically as a change in their time of flight. The chemical species 

that respond the most don't last long—a few milliseconds at most. Because of this, getting the plasma 

to the food target faster can help kill the bacteria more effectively.  

Irradiation 

There is a technology called ionizing radiation that works and is already widely used in 

phytosanitary applications to treat fruits and veggies. It has been shown that small amounts of 

irradiation can kill pathogens on food without making it taste or smell bad. In the United States, rules 

have made it possible to irradiate spinach and iceberg salad. Finding the best ways to use irradiation 

in regular food handling is still something that is being studied. Part of the reason for this is that we 

still don't fully understand how human pathogens interact with product surfaces and what that means 

for dose optimization. For instance, the order in which irradiation is done in relation to bagging and 

shipping affects the regrowth of microbial communities after irradiation, including human pathogens. 

Biofilm can form on the surfaces of leaves or pathogens can get inside through stomata during keeping 

in the fridge before irradiation. Because of this, the way things are handled and how commercial 

irradiation methods are designed affect how well they kill contaminating human pathogens. 

Microorganisms' radiation tolerance can be shown by their D10 values, which are the radiation 

doses (in kGy) needed to kill 90% of certain pathogens. The D10 values that were found for three 

common food-borne pathogens (E. coli, Salmonella spp., and L. monocytogenes) on fresh and cut 

fruits and vegetables. Each of the three pathogens has a D10 number between 0.04 and 0.54 kGy. 

When fresh-cut produce is irradiated, many things can change how resistant a pathogen is to radiation. 

These include the temperature and gas atmosphere, the type of produce, the kinds of pathogens present, 

and where the pathogen is located in or on the fresh-cut produce. Mesophilic bacteria were cut down 

by 4.2 log on shredded iceberg cabbage that had been treated with 0.1 kGy. Microflora grew back to 

4.5 log in 12 days of storage at 4 C. After being stored for 30 days, the number of microbes had grown 

back to 5.9 log. When the first amount of radiation was raised to 2.0 kGy, background mesophils were 

lowered to levels that could not be detected. This level stayed the same for 12 days while the samples 

were stored at 4oC. 

Ultraviolet Light 

The technology of UV light uses physical light energy with wavelengths between 200 and 290 
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nm to kill microbes without using heat or chemicals. UV radiation kills germs by changing the DNA 

of bacteria cells. This happens when the bacteria absorb UV light. Its wavelengths are 400–315 nm 

for UV-A, 315–280 nm for UV-B, and 280–100 nm for UV-C, which kills germs. The US Food and 

Drug Administration (FDA) have given the go-ahead for UV light with a range of 254 nm (UV-C) to 

be used on food to kill germs. Listeria innocua, L. monocytogenes, and E. coli were put on fresh-cut 

pear slices with and without peel. The pieces were then exposed to UV-C light. The results showed 

that UV-C treatment greatly decreased the number of all bacteria. The way microbes responded to 

UV-C changed when peel was present. The UV-C treatment worked better on pear slices that didn't 

have any peel on them. After 87 kJ m2 UV-C treatments, the drops in weight ranged from 2.6 to 3.4 

log for pear pieces without peel and from 1.8 to 2.5 log for samples with peel. Researchers have looked 

into how UV-C kills Salmonella spp. or E. coliO157:H7 that has been put on the skin of Red Delicious 

apples, green leaf lettuce, and tomatoes. Apples that were infected with E. coli O157:H7 had the 

biggest drop (about 3.3 log) after being exposed to UV-C light at 24 mW cm-2 (equal to 0.2 kJ m2 for 

100 s). Tomatoes that had Salmonella added to them had lower log decreases (2.19 log) than leaf 

lettuce that had either Salmonella spp. or E. coli O157:H7 added to it (2.65 log and 2.79 log, 

respectively). Lollo Rosso lettuce (Lactuca sativa) that had just been processed was given different 

amounts of UV-C (0.4, 0.81, 2.44, 4.07, and 8.14 kJ m2) and then kept at 5ºC for up to 10 days. The 

results showed that UV-C treatment decreased the number of psychedelic bacteria and coliforms. After 

7 days of storage, the microbial populations of UV-treated and untreated cabbage were similar. This 

suggests that UV treatment increased the rate of microbial growth. When UV-C amounts of 0.45 to 

3.15 kJ m2 were applied to mushroom surfaces, E. coli O157:H7 decreased by 0.67 to 1.13 logs. Also, 

UV stopped the growth of a brown spot (lesion) on the mushroom's surface, probably because it killed 

the Pseudomona microorganism. 

2.7 Hurdle technology 

The idea behind hurdle technology came about because people want more natural and fresh 

foods. Food goods keep their taste, nutritional value, and ability to make money thanks to a smart mix 

of barriers that protects against microbes and keeps them stable. Foods have been kept from going bad 

for years by using problems like nitrite, sorbet, lactic acid bacteria, and acidity (pH). Some of the new 

techniques being used in food products are ultrahigh pressure, photodynamic inactivation, modified 

atmosphere packing of both non-respiring and respiring products, edible coverings, ethanol, and 

milliard reaction products. Combining old and new preserving methods (called "hurdles") is the main 

idea behind stopping the growth of microorganisms. In order to lower the amount of preservatives 

used in food, hurdle technology was created. It uses the combined effect of hurdles to create an extra 

antimicrobial effect that makes the food better. 

Objectives of preservation 

A list of reasons why foods should be kept fresh is given. 

 To make sure that food is safe from germs

 To keep food from getting rotten

 To improve the quality of food storage

 To prevent illnesses and poisonings from food

 Keeping food fresh longer

 To reduce economic losses
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Hurdle technology 

Microorganisms in food are affected by hurdle technology in how they work and grow. There 

are four main ways that hurdle technology changes the way microbes grow in food. 

 Homeostasis

 Metabolic exhaustion

 Stress relaxation

 Multi target preservation of food Homeostasis

I It's what keeps the inside of a living cell stable when the outside world changes. Inside our

bodies, homeostasis keeps the temperature stable and the acidity and alkalinity (pH) levels in check. 

These things must be present for cells to be alive, and this is true for both higher creatures and 

microorganisms. Disturbing the equilibrium of microorganisms with different obstacles leads to the 

death of the microbes that cause spoilage, protecting the food from microbial spoilage.  

Metabolic exhaustion 

Food is automatically sterilized in this part of hurdle technology. Scientists have seen that the 

number of spores in food that has been treated with hurdle technology goes down over time, especially 

when the temperature stays the same. The bacteria in the hurdle-treated stable products use up all of 

their energy to keep things in balance, which makes them metabolically tired. In the end, this makes 

food automatically germ-free. This makes it safer to store the microbiologically stable product at room 

temperature.  

Stress reactions 

In times of stress, some germs make stress shock proteins that help them become less 

susceptible to harm or even more dangerous. Several things, such as pH, water action, ethanol, heat, 

and others, can change the way stress shock protein is made. The different ways bacteria react to stress 

could make it harder to keep food fresh. When bacteria are exposed to multiple stresses at the same 

time, they use energy to make several stress shock proteins, which makes their metabolism weak. 

Because of this, multitarget food preservation could be a good way to stop the production of stress 

shock proteins and keep food fresh. 

Multi target preservation of food: 

It is an extremely important part of preserving food in an efficient and effective way. Putting 

obstacles in the food that is being targeted might not only change the security of microbes, but they 

might also work together to do more. It is possible for the hurdles to have a synergistic effect on the 

targeted food if they affect multiple targets at the same time, such as pH, aw, and enzyme systems 

inside the microbial cell. This would upset the microbes' homeostasis, making it hard for them to make 

different stress shock proteins and keep their homeostasis. So, putting up several barriers at the same 

time would lead to the best microbial stability and best food storage. 

Types of Hurdles 

It is quickly explained the different types of barriers—physical, physiochemical, and 

microbial—that are used to keep different kinds of foods fresh. In real life, things that can kill germs 

include ionising radiation, low temperatures (like freezing and chilling), aseptic packaging, high 

temperatures (like blanching, frying, baking, extrusion, evaporation, pasteurisation, and sterilisation), 

different atmospheres, ultraviolet radiation, electromagnetic energy (like microwaves, radio waves, 

and high electric fields), ultrasonication, plastic films, and photodynamic inactivation. Some of the 
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things that can go wrong are phenols, ethanol, lactic acid, smoke, lactoperoxidase, carbon dioxide, 

ozone, oxygen, organic acids, surface treatment chemicals, phenols, and molecules that are low in 

redox potential, pH, and water activity. Microbes are what make medicines, protected cultures, 

competitive flora, and bacteriocins work.Hurdle Technology is a new idea that can be used in a number 

of ways to keep different types of food fresh, such as dairy goods.   

 There are many dairy goods that have been made to last longer by using hurdle technology. .

 Applying different hurdles like pH, aw, stabilisers, and Modified Atmosphere Packaging can

help make paneer that can last on the shelf.

 Additionally, hurdle technology has been used to make and store brown peda, a classic Indian

dish made from heat-dried milk khoa.

Fruits & Vegetables 

 Some problems can be solved to make fruits and vegetables like carrots, pineapple, coconut,

and papaya more stable and extend their shelf life...

 Hurdle technology can also be used to make RTE (Ready-to-eat) pineapple with a medium

level of wetness that stays fresh for longer.

 Osmotic dehydration, infrared drying, and gamma radiation can all be used to kill microbes in

pineapple slices, which can make them last up to 40 days longer.

 Challenge technology in keeping fresh coconut scraps from going bad. Humidifiers, acidulants,

and stabilizers were some of the additives that were used.

 Papaya that has been minimally processed and is shelf stable and high in moisture can also be

made using hurdle technology. This method uses different hurdles, such as light heat treatment,

aw, pH reduction, and the addition of preservatives. Products made from fruit

 Different types of fruit products can be kept fresh for longer using both old and new hurdle

techniques.

 UV light, pulsed light (PL), ultrasound (US), and high hydrostatic pressure (HHP) are some of

the problems that are dealt with when fruit is processed.

 Hurdle or mixed technology is also used to keep fruits like peaches, pineapple, papayas,

mangoes, and bananas that are very moist fresh. The system works by treating things with heat,

adding antimicrobials, and then cooling them down.

Meat & Meat products 

 A number of meat items have been made with hurdle technology. What happens to pig sausages

when they are put in the fridge when they are exposed to different problems like pH, aw,

vacuum packaging, and post-package treatment

 Multiple factors were managed to create pickle-style spicy buffalo meat products that would

last on store shelves. These included pH, water activity, proximate makeup, FFA, soluble

hydroxyl proline, TBA values, nitrite content, and protein solubility..

Applications of Hurdle Technology in different products 

Hurdle Technology is an innovative concept that can be used in a number of ways to keep 

different kinds of food fresh..  

Dairy products 
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Many dairy goods have used hurdle technology to make them last longer on the shelf. Using 

different barriers like pH, aw, stabilizers, and Modified Atmosphere Packaging (MAP) can help make 

paneer that can last on the shelf. The hurdle treatment kept the quality of the paneer for one to twelve 

days at room temperature and for six to twenty days in the fridge without changing its physical, 

chemical, or taste properties. Before it goes bad, hurdle-treated brown peda should be kept at room 

temperature (30±1 ºC) for forty days at a time. 

Fruits & vegetables 

Fruits and veggies like carrot, pineapple, coconut, and papaya need to be kept at a certain 

temperature and humidity to keep them stable and extend their shelf life. Hurdle technology is used to 

make grated carrot goods that can last on store shelves. Antimicrobials, partial dehydration, and 

packing in polymeric bags are some of the problems that need to be solved before grated carrots can 

stay fresh and microbiologically safe for more than six months at room temperature. Hurdle 

technology can also be used to make RTE (Ready-to-eat) pineapple with a medium level of wetness 

that stays fresh for longer. Osmotic dehydration, infrared drying, and gamma radiation can all be used 

to kill microbes in pineapple slices, which can make them last up to 40 days longer. 

Meat & meat products 

Several steps, like marinating, cooking, and adding glycerol, have been taken to make shelf-

stable chicken lollipops. By using Hurdle technology on sausages, they could be stored for longer 

periods of time.. 

Hurdles in food preservation: Physical hurdles 

Pasteurization 

Heat treatment (generally below 100 ºC) of food to get rid of microorganisms that is harmful 

to public health. The pasteurization methods used in the industry don't kill all microorganisms in food; 

they only kill relevant diseases and lower the number of organisms that can make food go bad during 

storage and distribution. Heat is used to kill harmful germs in food. Gamma irradiation can also be 

used to pasteurize foods. In these ways, the foods do not become radioactive. Time and temperature 

are used in one of the following ways to make the pasteurization process work. In high-temperature 

short-time treatment (HTST), harmful bacteria are killed by using more heat for a shorter amount of 

time. For instance, milk is heated for 15 seconds at 161°F (72 °C) to make it safe to drink. LTLT 

stands for "Low-Temperature-Long-Time Treatment." This method kills harmful bacteria by using 

lower heat for a longer time. Like, milk is pasteurized for 30 minutes at 145°F (63 °C).. 

Sterilization 

Most of the time, temperatures range from 110 to 120 °C, and when wet heat is used, 

sterilization takes 20 to 40 minutes. A 20-minute sterilizer at 121˚C cleans canned foods, on the other 

hand. Higher temps and shorter times may have the same effects as 134 °C for 3 minutes. On the other 

hand, lower temperatures and shorter times can be used if germs can't grow in those places. For 

instance, rising to 80–100 ˚C for 10 minutes is usually enough for acidic fruit juices, jam, or sweets. 

When using dry heat to kill bacterial endospores, it needs to be exposed for longer periods of time (up 

to two hours) and at higher temperatures (160–180 ˚C). 

Blanching 

Blanching is a temperature-based process that is mostly used on veggies and some fruits. It 

involves briefly putting them in hot water or even cooking steam. When you blanch, you use hot water 

at temperatures of up to 100 ºC.. In addition to other challenges such as freezing, refrigeration, and 

packing. Enzymes in plant tissues should be turned inactive. Eliminate inter- and intracellular oxygen 
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and other molecules from plant tissues. For example: lipoxygenase, polyphenol oxidase 

Refrigeration 

Most foods should be kept at a temperature between 0 and 4 ºC for short periods of time (days 

to weeks). This lowers the rate of bacteria growth, respiration, and chemical and enzyme reactions. It 

is possible for low temperatures to slow down enzymes and chemical processes. Most microorganisms 

that can get into food can't grow when it's frozen, and the best temperature for cold storage is 4.5-7 

℃. Microorganisms can't grow as fast when they are chilled, and the changes that happen in food 

caused by enzymes and microbes can also happen more slowly. 

Freezing 

A temperature of -18 ºC is perfect for freezing. The product, the time, and the temperature all 

affect the quality of the result. Freezing is a way to keep things fresh for months or even years because 

it slows down chemical reactions and stops microbes from growing and breathing. Food that has been 

frozen should be kept at or below -18 °C, where changes caused by enzymes and microbes may stop 

or move very slowly. 

Water Activity 

Water activity (aw) is a way to measure how much water is available in food. Aw is the 

difference between the pressure of a food's water vapour and the pressure of clean water at the same 

temperature. Microbial growth needs water, so foods that don't have a lot of water activities can't help 

microorganisms grow. Bacteria that are harmful or cause food to go bad can't live in water that is less 

than 0.85. There are, however, many yeasts and molds that can grow at much lower water activities 

than this; some can even grow at aw 0.60. Adding solutes or ions, freezing or drying, or adding solutes 

or ions can change a food's water activity from what it normally is for that type of food. This can stop 

microbes from growing. Because water is active, dry foods like bread and dried pasta can stay fresh 

for many months without going bad because of microorganisms. Goods like jams and parmesan cheese 

(aw 0.60 to 0.85) will develop mold over time but not bacteria. On the other hand, foods like meat and 

milk (aw 0.98 to 0.99) have bacteria that can make you sick. 

Advantages of hurdle technology over other preservation methods 

Microorganisms that are good at becoming resistant to traditional methods of preservation tend 

to lose to hurdle technology. This is because it uses different stabilisers that work together to hit 

different targets inside the cell of the spoilage microorganism. 

 It is better to use hurdles in small amounts so that they don't have any bad affects and so that

cost and energy are lower.

 Another benefit is that natural preservatives can be used with synthetic preservatives. This

lowers the risk that comes with using synthetic preservatives in large amounts.

 It's possible to make foods last longer on the shelf because food kept by a combination of

methods (hurdles) stays safe and stable even without refrigeration and has a high nutritional

and sensory value because the process is gentle. Aside from the pros, hurdle technology has

some cons, such as being expensive, needing a lot of stabilizers, and having a lot of

antimicrobials added to it.

Canning technologies 

The process of canning involves cooking food in a jar to make it last longer. Pathogenic 

organisms, which are those that cause disease, will be killed by the best thermal way. Bacteria kill or 

control the germs that make food go bad, and they also change the nutritional and physical quality of 
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the food. Steel or aluminium cans are what most of us think of when we think of canning. While this 

is true for glass jars, plastic and foil laminated bags, semi-rigid plastic trays or bowls, and metal cans 

of any shape (round, oval, oblong, or rectangular), the idea is still the same. This is the same idea 

behind aseptic packing, where the food and the container are both cleaned before they are put together 

and sealed. If someone could come up with a cheap and good way to keep a lot of food fresh during 

the Napoleonic Wars in the early 1800s, they would win 12,000 francs from the French government. 

This is where the idea of putting food in a can came from. In 1809, a French candy and beer maker 

named Nicolas Appert noticed that food cooked in a jar didn't go bad unless the lids leaked. He found 

a way to keep food in glass jars fresh (French, appertaina.com). The prize was given to Appert by 

Count Montelivert, who was the French minister of the interior in 1810.At the time, no one knew why 

the food wasn't going bad because Louis Pasteur wouldn't show that bacteria cause food to go bad for 

another 50 years. Fruits and veggies are being canned more and more these days. The businesses in 

this industry mostly can fruits and veggies, process fruits to make ketchup and other tomato sauces, 

and make natural and fake jams, jellies, and preserves. Canning foods are a big part of most people's 

diets in both developed and emerging countries. They make it easier to get a variety of healthy, high-

quality foods all year long. When foods are canned, they go through both good and bad changes in 

their nutritional and sensory qualities. These changes are caused by the heat process that kills 

microorganisms to make the food commercially clear. The amount of thermal processing, which 

includes both the temperature and time of the treatment, is based on the product's physical and 

chemical make-up, the canning medium, and how it will be stored. The quality of the product is 

determined by how it tastes and how many nutrients it has. Commercial sterilization, a type of thermal 

processing, is an important part of the canning business today because it sets the rules for making safe 

food that people can trust. In addition to meeting the goals of pasteurization, these methods can also 

make the food safe for use in restaurants. This kind of heat treatment is called cleaning, and it's what's 

used to can food. A lot of what we're going to talk about next will be about thermal processing as it is 

used to sterilize canned foods because it is more complicated and important for selling shelf-stable 

foods. 

Methods of Canning: 

Method of canning depends on the type of food being canned. Food is divided into two 

categories. 

 High acid foods

 Low acid foods

High acid foods 

It's not possible to kill bacteria by cooking them, but high acid foods do stop bacteria from 

growing. The germs can grow on foods that have a pH of 4.6 or less. Toxin will form if C. botulinum 

germs are allowed to grow, and it is fatal to eat toxin from C. botulinum. Taking this toxin can cause 

symptoms that show up anywhere from six hours to ten days later. These symptoms include double 

and blurred vision, drooping eyes, slurred speech, trouble swallowing, and weak muscles. If breathing 

muscles become paralyzed, a person may not be able to breathe and will die unless they are given 

artificial ventilation. People who have any of these signs should see a doctor right away. Apples, 

peaches, apple sauce, pears, apricots, pickled beets, berries, plums, cherries, cranberries, fruit drinks, 

sauerkraut, pickles, rhubarb, tomatoes, and tomato juice are some examples. 

Low acid foods 

Foods that are low in acid are those that have little to no acid in them. Have a pH level above 

4.6. In this group are most veggies, meats, poultry, seafood, soups, and foods that are a mix of acidic 
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and alkaline, like spaghetti sauce. All three types of thermophilic and mesophilic putrefactive 

anaerobes, as well as Clostridium botulinum, can break these down. Most of the important bacteria in 

this group are thermophiles and anaerobes, which can make sours flat. Asparagus, Beans, Beets, 

Carrots, Corn, Hominy, Meat, Okra, Peas, Potatoes, Spinach, and Seafood and so on. 

Types of Canning 

Boiling Water Canning 

The process of cooking foods that are high in acid in a bath of hot water. Highest temperature 

that these foods can reach in a water bath canner is 212°F (100°C) at sea level. It can boil water as 

long as the water level is high enough to cover the pots and there is space for the water to move around. 

There must be gaps in the metal rack so the jars don't touch the bottom of the canner and a lid that fits 

tightly on top. 

During processing, the rack keeps the jars from bumping into each other or falling over, and it 

lets the water cover every jar completely. There should be hot water in the canner but not boiling 

before the jars of food are added if the food has been raw-packed. If you need to change the water 

level, the water should be boiling. During the whole cooking time, there should be 1 to 2 inches of 

water on top of the jars. The food on top of the jar and the lids will stay warm this way. Tomatoes, 

veggies, foods that have been pickled or mixed with vinegar can all be kept fresh in a boiled water 

canner. You can also use the water bath canner to make jams, butters, marmalades, preserves, and 

jams as well. 

Pressure Canning 

Bacteria that cause botulism can't grow in foods that are low in acid or foods that are a mix of 

acidic and low-acid foods. 240°F stops their growth. C. botulinum makes cells that are resistant to heat 

and protect the bacteria. For the spore to die, it needs to be heated above boiling point, which is done 

by putting pressure on the food. If you don't kill the spores, they will grow and make the food toxic 

when it is kept. A steam pressure canner is used to process foods at 240 °F (15 °C) of pressure and 15 

psi (11 °C). Pressures higher than one atmosphere can be safely used in a steam pressure canner, that 

is a big, heavy pot. For accurate readings of the steam level inside the canner, a real pressure gauge or 

scale must be used. So that the steam doesn't escape, the lid needs to be locked or shut. It is 

recommended that the canner have both a safety valve and a steam valve that can be opened or closed 

to let air out. The jars shouldn't touch the bottom of the canner, so it needs to have a metal rack and 

gaps. The rack keeps the jars from bumping into each other or falling over while they're being 

processed, and it lets the steam flow evenly over the jars. There are two different kinds of steam 

pressure canners. One has a pressure measure with a dial, and the other has one with a weighted gauge. 

Both do a satisfactory job. The person using the canner should, however, make sure they read the 

manufacturer's instructions very carefully. For all low-acid foods, the steam pressure canner is the best 

way to can them. Foods that are in this group include all veggies (except tomatoes), mushrooms, soups, 

and mixed vegetable recipes with tomatoes. 

Procedure of Canning Preparation 

It is mostly about washing and sorting things to get ready. When washing fruits and veggies, 

strong streams of water or high-pressure sprays should be used while the food moves along a moving 

belt or on screens that move or spin. Putting the raw fruits or vegetables through a number of moving 

screens with different-sized mesh or over rollers that are spaced out in different ways. Fruits and 

veggies are put into groups by hand based on how ripe they are or how well they shape. The ends are 

also trimmed by hand.  
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Blanching 

"Blanching" means to treat fruits and veggies with boiling water or steam for short amounts of 

time, then let them cool down before canning. In the case of beets and tomatoes, this is especially 

important because it loosens the skin. It helps fill the can all the way up and pushes the air out of the 

tissues. In addition, it helps clean the veggies and fruits and get rid of microorganisms. At 82°C, it 

also stops the enzymes from working, which stops browning from ha

Adding syrup or brine 

Apples and pears get hot sugar syrup, and veggies get hot brine. Adding syrup or brine to 

canned goods to make them taste better, fill up the space between the fruits and veggies in the can, 

and make further processing easier. When the syrup or salt is between 79°C and 82°C, it should be 

added to the can. 

Headspace 

The space inside a jar between the lid and the inside is called headspace. Unless told otherwise, 

when you pack food and liquids, leave ½ inch of space between them. If the jars are too full, some of 

the food inside could bubble out when they are heated, and the lids might not seal properly because 

the food will stick to the rim. If the working time is too short to get rid of all the air in the jar, too 

much head space may also make it impossible to seal. After you pack the jar, use a plastic spatula to 

go around the inside to get rid of any air holes.  

Packing the Jar 

The process can be done with hot pack, cold pack, or raw pack as the packing method. You 

put raw food right into the jar and then pour hot, boiling liquid over it when you use the "Raw or Cold 

Pack" method. When you use this method to can meat, fowl, or seafood, you're said to "raw pack." 

When you use this process to can fruits and vegetables, you call it a "cold pack." Hot Pack: Foods are 

cooked in liquid before they are packed, and then the cooking liquid is put over the food in the jar. 

There are several good things about the hot pack method. Because they are softer, heated foods are 

easier to put into jars. This means that each jar can hold more, so there is no need for as many of them. 

But goods that are hot-packed are not as firm.  

When the barrels are exhausted, air is taken out of them at a temperature of 79 to 82°C. The 

lower internal pressure (vacuum) helps keep the ends of the cans pulled in. This also makes the 

containers less stressed during processing and lowers the amount of air that stays in the headspace. 

With this process, food stays fresh longer and containers don't bulge when they're at high elevations.  

Closing the Jars 

Remove any food particles that might be blocking the seal by wiping the sides and threads of 

the jars with a clean, damp cloth. Follow the steps on the lid's package to heat it up. 

Heat sterilization 

 Microorganisms that can make food go bad are killed by heat during cooking. Cans of different 

types and sizes need different temperatures and handling times? Apples, peaches, apple sauce, pears, 

apricots, pickled beets, berries, plums, cherries, cranberries, fruit juices, sauerkraut, pickles, rhubarb, 

tomatoes, and tomato juice are all acidic foods that can be easily handled at 100°C (212°F). Aerated 

steam or hot water cookers are used to process the containers that hold these goods. At 121°C, a 

pressure canner processes foods that are low in acid, such as asparagus, beans, beets, carrots, corn, 

hominy, meat, mushrooms, okra, peas, potatoes, spinach, and seafood. During processing, two 
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different kinds of cleaning are used. 

a. Boiling water canning

b. Pressure canning

a. Boiling water canning : Pour clean water into the canner until it's half full. Set the water

temperature to 140°F for foods that will be packed raw and 180°F for foods that will be packed

hot. Set the jars up on the rack. If you need to, add very hot water until the water level is one to

two inches above the jar lids. Then, tightly cover the canner. If you use a pressure canner to can

food in hot water, make sure the cover is not on and the petcock is open so that pressure doesn't

build up. After the water comes back to a full boil, set a timer for the amount of time that the recipe

says to do so. Keeps water boiling slowly and steadily for a set amount of time. After 5 minutes,

take the jars out of the oven.

Advantages of Boiling Water Canning: The best way to pickle fruits, foods high in acid, and

other foods that are easy to learn and don't cost much to start.

Disadvantages of Boiling Water Canning: The temperature doesn't rise high enough to kill

germs in food that doesn't have a lot of sugar or acid in it, so the canning process takes longer to

finish.

b. Pressure canning: Fill the canner with two to three inches of hot or boiling water. The jars are put

on a rack in the canner so that steam can easily flow around all of them. Keep an eye on the petcock 

to make sure that steam slowly leaks out. The petcock should be closed or a weighted measure 

should be put on top of the canner after 10 minutes of heating. To get rid of all the air in the canner, 

this step of "exhausting" is very important. If air gets stuck in the canner, the jars will not get hot 

enough. Even for pressure canners that say they "self-exhaust," this step is still needed. When the 

right pressure is reached, set a timer for the amount of time that the procedure calls for. As a second 

check to make sure the timer is right, write down the working time. If you are above 1000 feet, the 

canner's pressure goes up because the air pressure drops. Always keep an eye on the canner to 

make sure the pressure stays the same. Because the pressure can change, liquid may leak out of 

the jars and some may not close. Once the pressure is back to zero, either take the weight off the 

airport or open the petcock slowly. After 10 minutes, carefully take off the lid. Take the jars out 

right away. If you leave jars in the warm canner for too long, they might go bad. Let the jars cool 

for 12 to 24 hours. Make sure the lids on the jars are tight.  

Advantages of Pressure Canning: The best way to cook low-acid foods like veggies is to 

heat them up to a higher temperature and finish the process quickly.  

Disadvantages of Pressure Canning: Include: it costs more to get started than the hot water 

method because you need a pressure cooker; it can be dangerous if the pressure isn't watched; and soft 

fruits can be hurt by the high heat. 

Cooling of Jars: To let air flow around the jars, put them on a rack or a piece of cloth. The 

jars shouldn't be hit by a cold draft or a fan.  

Testing the Seal:  After 12 to 24 hours, make sure that each jar has a label on it. Jars with flat 

metal lids are sealed if any of these are true: The lid is now in the middle of the container. The door 

doesn't move when you press on it. It makes a clear ringing sound when you tap the lid in the middle 

with a spoon. This way isn't as reliable as the others. If you find that a jar hasn't shut within 24 hours 

of the first processing, put the contents in the fridge or freezer or do the processing again. To reprocess, 

take off the lid first. Change the lid and do it all over again. After being processed again, the food 

won't be as good. After 24 hours, if you find an open jar, check it for spoilage. Don't try the food. If 
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food looks like it could be eaten, it should be boiled for 10 minutes and then put in the fridge. At this 

point, it's not safe to reprocess. For storage, clean the jars and write the date and what's inside on the 

labels. The screw band is rusting, so it should be taken off. Keep jars somewhere cool, dark, and dry. 

Eat the food within a year for the best taste and nutritional value. High temperatures, low temperatures, 

and light all make canned food less tasty and shorten its shelf life. 

Canning Safety Precautions: Boiling Water Canning: ensure the utilization of the appropriate 

jar and lid type. Boil jars for the appropriate duration of processing. Avoid handling hot jars with 

unprotected hands. Pressure Canning: verify dial gauges understand your altitude, as it affects the 

pressure necessary for secure canning. Gaskets should be handled carefully; never use ones that are 

dried out or broken. Jars that show signs of nicks or cracks should not be used. Avoid filling racks to 

the point of extreme weight. Be careful around pressure cookers and canners because they are quite 

hot. Maintain the appropriate amount of headspace. Jars designed for commercial canning should not 

be used for home canning.  

New Technology of Canning 

Science and technology have been used to make food for thousands of years. As people moved 

from being hunter-gatherers to farmers, they needed to find ways to store and keep food fresh. Foods 

go bad quickly without any kind of handling because microorganisms and enzymes break them down. 

Ball brand home canning: 

The new automatic canning system will heat the jars and process the food for you, but you still 

need to make the recipe and clean the jars, lids, and bands before you use it. A set of monitors also 

helps carry some of the weight. For a long time, you won't have to look at hot water. You also won't 

have to think about gravity or the time and temperature needed to kill any germs. This brand-new 

machine isn't a dehydrator. There are only certain recipes that can be used with it, and the maker only 

gives you those recipes. This method only works for acidic foods, like fruits, tomatoes, salsas, pickles, 

jams and jellies, and fruit sauces. To keep low-acid foods like meat and veggies from going bad, they 

need to be stored in a pressure canner. They must be used exactly as directed to make sure they are 

acidic enough for the canning process. It can hold three quart jars, four pint jars, or six half-pints with 

a normal mouth. It's not a good idea to stack jars inside the canner, so if you used wide-mouth half-

pints, it could only hold four. It might also be useful for people who want to can but can't because they 

have small children or work obligations that make it hard to keep an eye on a canning pot. Once the 

food is ready and the jars are full, you put the jars in the machine, set it to the right setting, and let the 

processing cycle begin. You only need to be close enough to open it and take the jars out when the 

time is up. Jarden Home Brands, which makes Ball brand home canning goods, announced today the 

Ball Fresh TECH Automatic Home Canning System, the first appliance of its kind that will change 

the way fresh food is stored. This one-of-a-kind countertop device takes the guesswork out of canning 

at home. With the push of a button, it automatically preserves freshly made foods, taking up to 30% 

less time, 60% less energy, and 85% less water. 

2.8  LET US SUM UP 

This unit provides insight into the technoogies used to process and preserve plant foods life grains, 

oilseeds, and fruits and vegetables. It explains how different methods like drying, milling, oil 

extraction, blanching, or freezing help maintain the self life, flavor, and nutrients of these foods. 

Hurdle technology-a method that uses multiple preservation factors like temperature, pH, and water 

activity-is also introduced as a modern and effective way to ensure food safety. Canning, a traditional 

but still widely used method, is explained in terms of steps, materials, and safety. The unit emphasizes 

the importance of proper storage and handling to prevent spoilage and improve the overall value of 
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plant-based food products. 

2.9  Check your progress exercise 

1. Describe various methods of oil extractions from oilseed

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………...

2. Explain principle of hurdle technology and its advantages

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………

3. Discuss various primary processing of fruits and vegetables in industries.

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………

4. What are the latest advancements in canning techniques that aim to improve food quality.

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………….... 

5. What is canning? Describe new technology used in canning.

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

……………………………………………………………………………………..
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BLOCK-2 : Processing technologies for animal foods, Quality control in 

food processing 

Processing technology for milk and milk products, egg, meat, poultry and fish, convenience 

foods and processed foods; Technologies underlying mutual supplementation, enrichment and 

fortification, fermentation, malting and germination; Food additives commonly used in food industries 

for color, flavor and as preservatives; Nanomaterials as food additives. 
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UNIT–3 PROCESSING TECHNOLOGIES FOR ANIMAL FOODS 

3.0. Indroduction 

3.1. Egg  

3.2. Meat  

3.3. Poultry  

3.4. Fish  

3.5. Convenience foods and processed foods 

3.6. Technologies underlying mutual supplementation 

3.7. Enrichment and fortification 

3.8. Fermentation 

3.9. Malting and germination 

3.10. Food additives commonly used in food industries for color 

3.11. Flavor  

3.12. Preservatives 

3.13. Nanomaterials as food additives. 

3.14 Let us Sum up 

3.15 Cheak Your Progress  

3.0 Introduction 

Milk is a clear liquid food that animals make in their mammary glands. In the early stages of 

development, it is the main source of nutrition for small mammals, such as breastfed babies. Milk 

protection comes from immune factors and immune-modulating substances that are found in milk. 

Colostrum, which is early breastfeeding milk, has antibodies that make the immune system stronger. 

This lowers the risk of getting many illnesses. Protein and lactose are two of the many nutrients found 

in milk.  As a farming product, dairy milk comes from cows and other farm animals. About 260 million 

dairy cows on farms made about 730 million tonnes (800 million short tons) of milk in 2011. India 

makes more milk than any other country in the world and sends more skimmed milk powder than any 

other milk product. India could finally become a net importer of dairy products because the country's 

need for them is growing all the time. Most milk goods are sent out of New Zealand, Germany, and 

the Netherlands. The CDC in the US says that kids over 12 months old should eat two cups of dairy 

milk products every day. Over six billion people around the world drink milk and milk products, and 

between 750 million and 900 million people live in homes that raise dairy animals.  Milk comes from 

"Old English meoluc (West Saxon), milc (Anglian), from Proto-Germanic “meluks" milking "(source 

also of Old Norse mjolk, Old Frisian melok, Old Saxon miluk, Dutch melk, Old High German miluh, 

German Milch, Gothic miluks)". Codex Alimentarius standards say that milk is "the normal mammary 

secretion of milking animals obtained from one or more milkings without either addition to it or 

extraction from it, intended for consumption as liquid milk or for further processing." This definition 

has been in place since 1961. Animal milk and the process of making animal milk are what "dairy" 

refers to.  
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3.0.1. Types of consumption 

There are two different types of milk consumption: infant mammals drink milk straight from 

their mothers, which are their main source of nutrition; and humans of all ages get milk from other 

mammals to eat as part of a varied diet. Dairy has to do with milk from animals and how milk is made. 

3.0.2. Nutrition for infant mammals 

Almost all animals feed their babies milk by breastfeeding, either directly or by expressing 

milk so that it can be stored and used later. Colostrum is the name for a mammal's first milk. Colostrum 

is made up of nutrients and growth factors, as well as antibodies that protect the growing baby. 

Different species' colostrum is made of different things and is secreted at different times. The World 

Health Organization says that people should only eat breast milk for six months and then eat other 

foods along with breastfeeding until they are at least two years old. Some countries believe that babies 

should be fed breast milk for at least three to five years, and sometimes even longer. When fresh goats' 

milk is used instead of breast milk, there is a chance that the child will get metabolic acidosis, 

electrolyte imbalances, megaloblastic anemia, and a lot of allergic responses. If a baby is only fed 

breast milk, they don't get any other drinks or foods to go with it, unless they are given medicine or 

vitamin and mineral pills that are not watered down. You can't bring water.  You should only feed 

your baby breast milk for the first six months after birth to help them grow and develop in a healthy 

way. Babies only need breast milk. There is no need for babies to drink water if they are only fed 

breast milk. This is true even in places that are very hot and dry. For babies, nursing is the only way 

to get everything they need. 

Milk from other mammals, especially cattle, goats, and sheep, is still eaten by adults in many 

countries, especially in the West. At first, only children could digest milk because adults didn't make 

lactase, an enzyme that is needed to break down the lactose in milk. To lower the amount of lactose, 

people turned milk into curd, cheese, and other foods. Long ago, a chance gene spread through 

northwest Europeans, allowing adults to make lactase. Since this happened, milk could be used as an 

extra food source in case other foods ran out. Milk can be used to make many things, such as cream, 

butter, yoghurt, kefir, ice cream, and cheese. Many industrial and food additives are made from milk 

in modern factories, such as lactose, casein, whey protein, condensed milk, powdered milk, and more. 

There is a lot of saturated fat in whole milk, butter, and cream. There is a sugar called lactose that is 

only found in milk and maybe in some tropical plants and forsythia flowers. Lactase is an enzyme that 

breaks down lactose. Its levels are strongest in the small intestine right after birth, but they slowly drop 

off after that if you don't drink milk regularly. People who can still drink milk have often come up 

with very creative ways to use the milk of tamed ungulates like camels, horses, sheep, goats, yaks, 

water buffalo, and cattle. India makes and drinks more cow and horse milk than any other country in 

the world. 

pH 

Cow's milk has a pH between 6.7 and 6.9. Milk from non-bovine animals and other bovines is 

made up of different substances, but the pH level is the same. 

Lipids 

An outer layer of cells called a membrane is released when milk production starts. There is a 

membrane around each fat globule that is made up of proteins and complex lipids like phospholipids. 

The membrane is mostly made up of triacylglycerols. As the milk flows, these help the globules stay 

separate and keep enzymes that break down proteins from getting inside the globules. Cholesterol 

esters and free cholesterol, free fatty acids, and phospholipids are some of the other lipids that are 

present. About 97% to 98% of lipids are triacylglycerols. Protein and carbs are pretty much always in 
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milk, but fats are very different between species because of changes in genes, breastfeeding, and 

nutrition.  

The fat globules of different species are less than 0.2 micrometres across and up to 15 micrometres 

across. Some animals of the same species may have different diameters, and the same animal may 

have different diameters when it milks. When cow's milk isn't processed, the fat globules are about 

two to four micrometres across. They are about 0.4 micrometres across after being mixed 

together.There are important fatty acids in milk fat, such as linoleic and linolenic acid, and fat-soluble 

vitamins A, D, E, and K. 

Proteins 

Normal cow's milk has 30 to 35 grams of protein per liter, and about 80% of that is made up 

of casein micelles. The proteins that make up milk make up 3.2% of its total weight. 

Caseins 

"The largest structures in the liquid part of milk are called "casein micelles." Protein molecules 

that look a lot like surfactant micelles make them up, and calcium phosphate particles that are only a 

few nanometres across hold them together. Any casein micelle is made like a sphere and is about a 

tenth of a millimetre across. There are four kinds of caseins: αs1-, αs2-, β-, and κ-caseins. It is thought 

that most of the casein proteins are linked to the walls of cells. Different theories exist about how the 

micelles are put together, but they all agree on one important point: the top layer is made up of k-

casein protein chains that extend from the micelle's body into the fluid around it. There is a negative 

charge on all of these kappa-casein molecules, which means they push against each other. This keeps 

the micelles in a stable colloidal solution in the water-based fluid around them, but not too far apart. 

The amounts of caseins and whey proteins in nine different animal milks are shown in Table 1. When 

you drink milk, you can find a lot of different kinds of proteins, like enzymes. Caseins don't mix with 

other proteins like these, so they don't stick together to make bigger shapes. They're called whey 

proteins because they don't break down when caseins stick together to form curds. The type of milk 

protein that is used most often is lactoglobulin. The amounts of casein and whey protein in different 

species are very different. They are 82:18 in cows and 32:68 in people 

Table 1. Ratio of caseins to whey proteins in milk of nine mammals 

Species Ratio 

Human 29.7:70.3-33.7:66.3 

Bovine 82:18 

Caprine 78:22 

Ovine 76:24 

Buffalo 82:18 

Equine 52:48 

Camel 73:27-76:24 

Yak 82:18 
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Reindeer 80:20-83:17 

Salts, minerals, and vitamins 

The different cations and anions that are in cow's milk are often called "minerals" or "milk 

salty substances." Most of the time, the amounts of calcium, phosphate, magnesium, sodium, 

potassium, citrate, and chloride in it are between 5 and 40 mM. The milk salts, especially calcium 

phosphate, change casein in a big way. Usually, it's a lot more than the amount of solid calcium 

phosphate that can dissolve. Another vitamin that you can get from milk is vitamin B12. A, B6, B12, 

C, D, K, E, thiamine, niacin, biotin, riboflavin, folates, and pantothenic acid are just a few of the 

healthy things that can be found in foods like milk. 

Calcium phosphate structure 

A micelle was thought to be made up of spherical casein groups, which were called 

submicelles, and they were linked together by calcium phosphate links for a long time. On the other 

hand, two new models of the casein micelle show that the different micellular structures inside the 

micelle are not real. The first idea comes from de Kruif and Holt. They say that the main part of the 

micellar structure is made up of small groups of calcium phosphate and a part of beta-casein called 

phosphopeptide. From this point of view, proteins that aren't organised gather around the calcium 

phosphate, which gives them their shape. This means that no specific shape is made. 

Based on Horne's second theory, micelles are made when calcium phosphate nanoclusters start to 

grow. However, they stop growing when phosphopeptide loop regions of the caseins join them. 

Proteins work together and form polymers once they are joined. It is used to make micelles that hold 

calcium phosphate nanoclusters as an end cap.  

Different sources say that the calcium phosphate that is caught is in the form of Ca9 (PO4)6, 

while others say it is more like the structure of the mineral brushite, which is CaHPO4•2H2O.  

Sugars and carbohydrate 

Lactose, glucose, galactose, and other oligosaccharides are some of the carbs that are found in 

milk. Lactose is what gives milk its sweet taste and makes up about 40% of the calories in whole cow's 

milk. The disaccharide lactose is made up of two simple sugars, glucose and galactose. 4.8% of the 

solids in skimmed milk are lactose, which is about half of the solids in whole milk. Different types of 

milk have different amounts of lactose because some milks have higher amounts of other carbs than 

lactose.  

Miscellaneous contents 

Real white blood cells, cells from the mammary gland, different kinds of germs, vitamin C, 

and a lot of active enzymes can also be found in raw cow's milk. 

Appearance 

Milk is a solid white colour because of the casein micelles and fat globules, which are just the 

right size to block light. Cattle like Guernsey and Jersey have fat globules that contain enough yellow-

orange carotene to make milk look golden or "creamy." Sometimes you can see riboflavin in skim 

milk or whey products. It is found in the whey part of milk and has a greenish colour. Light is scattered 

by casein micelles, which are found only in skim milk without fat. Because these micelles scatter blue 

light more than red light, skim milk looks green.. 
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3.0.3. Processing 

In most Western countries, milk and milk products like cream, butter, and cheese are processed 

in large dairy plants. In the US, these farms are usually run by small businesses, but in the Southern 

Hemisphere, they may be run by big multinational companies like Fonterra. 

Pasteurization 

When milk is heated for a short time and then cooled right away, a process called pasteurization 

kills dangerous pathogenic bacteria like M. paratuberculosis and E.coli. There are different kinds of 

pasteurized milk, such as UHT, full cream, reduced fat, skim milk, calcium-enriched, flavored, and 

skim milk. The normal high temperature short time (HTST) process of 72 °C (162 °F) for 15 seconds 

kills all pathogenic bacteria in milk. If milk is kept in the fridge for three weeks, it is safe to drink. On 

each container, dairy farms write "best before" dates. When those dates pass, shops take off the shelves 

any milk that hasn't been sold. While pasteurization is happening, some vitamins and minerals are lost 

because of the heat. Calcium and phosphorus that are dissolved in water drop by 5%, thiamin and 

vitamin B12 drop by 10%, and vitamin C drops by 20% or more, sometimes even completely. Because 

the amount of thiamin and vitamin B12 lost is small compared to the amount that is still present, milk 

continues to provide large amounts of these vitamins. As long as you eat a healthy diet, losing vitamin 

C is not a big deal because milk is not a major source of vitamin C. 

Filtration 

Pasteurisation isn't always necessary; sometimes microfiltration is better. The milk has fewer 

germs and stays fresh longer because of it. The taste doesn't change. This method pushes the skimmed 

milk through ceramic microfilters that kill 99.9% of the microorganisms in the milk. The normal way 

of pasteurising cream is used on the cream. This is not the same as normal HTST pasteurisation, which 

gets rid of 99.99% of germs. The pasteurised cream is then put back into the skimmed milk to make 

the milk that was first made. In ultrafiltration, screens that are smaller than those used in microfiltration 

are used. The fats, calcium, and protein stay in while the lactose and water go through. The fat can be 

taken out before filtration and then put back in later, just like with microfiltration. Milk that has been 

ultrafiltered is used to make cheese because it has the same amount of protein in less space. People 

can also buy it as an option to regular milk that is creamier, has more protein, and less sugar. 

Creaming and homogenization 

After 12 to 24 hours, fresh milk usually separates into a layer of high-fat cream on top of a 

layer of larger, low-fat milk. The cream is often sold on its own and has its own uses. These days, 

rotary cream separators make it easy to quickly separate the cream from the milk. There are fat 

globules on top of the milk when it is kept because fat is less dense than water. At the molecular level, 

this is less likely to happen when the globules are smaller. It's not like an easy model says that the 

cream in cow's milk rises very quickly. This is because the fat in the milk doesn't tend to form single 

globules, but rather groups of about a million globules held together by a few small whey proteins. 

These groups rise more quickly than the globules can on their own. The fat globules in goat, sheep, 

and water buffalo milk don't clump as easily and are smaller to begin with. This makes it take longer 

for the cream to separate from these milks. A process called homogenization is often used to keep milk 

from splitting into a cream layer. High pressure is used to push milk through very narrow tubes. 

Turbulence and cavitation break up the fat globules as they move through the tubes. There are more 

small particles than big ones, so the larger ones don't have as much surface area. Also, the fat globule 

membranes can't fully cover the smaller particles. The micelles of casein are drawn to the new fat 

surfaces. This new membrane structure is made up of almost a third of the micelles that are in the milk. 

The globules separate faster because casein makes them heavy and keeps them from sticking together. 
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If these enzymes come in touch with the fat globules that are out in the open, they can break them 

down and ruin the taste. To stop this from happening, the enzymes are turned off by pasteurizing the 

milk right before or during homogenization. It feels creamier in the mouth than unhomogenized milk, 

but it doesn't taste as good. It is whiter and less likely to acquire bad tastes. Creamline (or "cream-

top") milk has not been pasteurized. It might or might not have been heated up. "Ultra-homogenized" 

milk, which is milk that has been homogenized under high pressure, lasts longer than milk that has 

been homogenized at lower pressures. 

UHT 

When milk goes through Ultra Heat Treatment (UHT), all the germs are killed with high heat. 

This keeps the milk fresh for up to six months, as long as the package isn't opened. Once the milk is 

mixed, it is heated to 138 degrees Celsius for two to four seconds. A clean jar is used to hold the milk 

after it has been cooled down. This method, which is different from just pasteurizing the milk, kills all 

the germs that are bad for you in the milk. The milk will stay good for up to 6 months if you don't 

open it. 

UHT milk doesn't need to be chilled until the package is opened. This makes it simpler to store 

and ship. But during this process, vitamin B1 and vitamin C are lost, and the milk tastes a little different. 

3.0.4. Nutrition and health 

Milk from different species is made up of very different substances. In Table 1, you can see 

what's in 100 grams of milk. Some of the things that can be different are the type of protein, the amount 

of protein, fat, and sugar, the vitamins and minerals present, the size of the butterfat globules, and the 

stiffness of the curd. As an example, one hundred grams of human milk has about 1.1% protein, 4.2% 

fat, and 7.0% lactose (a sugar). It also has 72 kcal of energy. One hundred grams of cow's milk has 

about 3.4% protein, 3.6% fat, 4.6% lactose, 0.7% minerals, and it also has 66 kcal of energy. To learn 

more about nutritional value, read further in this piece or look at online sources that have longer lists 

of values and differences between categories. The milk from donkeys and horses has the least amount 

of fat. Milk from seals and whales may have more than 50% fat 

Cow's milk: variation by breed 

These compositions vary by breed, animal, and point in the lactation period. 

Table 1. Milk composition per 100 grams.  

Constituents Unit Cow Goat Sheep Water 
buffalo 

Water G 87.8 88.9 83.0 81.1 

Protein G 3.2 3.1 5.4 4.5 

Fat G 3.9 3.5 6.0 8.0 

Saturated fatty 

acids 

G 2.4 2.3 3.8 4.2 

Monounsaturated 

fatty acids 

G 1.1 0.8 1.5 1.7 

Polyunsaturated 

fatty acids 

G 0.1 0.1 0.3 0.2 
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Carbohydrate 

(i.e. the sugar 

form of lactose 

mg 4.8 4.4 5.1 4.9 

Cholesterol mg 14 10 11 8 

Calcium kcal 120 100 170 195 

Energy Kg 66 60 95 110 

The protein range for these four breeds is 3.3% to 3.9%, while the lactose range is 4.7% to 4.9%. 

Milk fat ratios can be changed by how dairy farmers plan their animals' diets. When it comes 

to dairy cows, the condition called mastitis can make fat levels drop. 

Nutritional value 

Before the 1950s, there were different amounts of fat in processed cow's milk. Calcium levels 

in 2%-fat cow's milk are 285 mg per cup (250 mL), which is 22% to 29% of an adult's daily suggested 

intake (DRI). Milk has about 8 g of protein and a number of other nutrients that are either naturally 

present or added through fortification.. 

Allergy 

Cow's milk is one of the foods that babies are most likely to be allergic to. This is an immune 

system reaction that is bad and rarely deadly to one or more cow's milk proteins. About 2% to 3% of 

babies and young kids are allergic to milk.It is suggested that babies should only be fed breast milk 

for at least four months, and ideally six months, before they are given cow's milk. Most kids outgrow 

milk allergies, but for about 0.4% of them, the problem lasts into adulthood. 

Lactose intolerance 

Lack of the enzyme lactase in the small intestine makes it hard for some people to absorb 

lactose from milk. This is known as lactose intolerance. It varies from person to person how much 

lactose they can handle before they start to feel sick. Symptoms may include stomach pain, bloating, 

diarrhea, gas, and sickness. How bad it is depends on how much milk was drunk. People who have the 

condition can usually drink at least one cup of milk without getting sick. Larger amounts can be 

managed if drunk with food or during the day. 

Different types of milk goods are sold based on the following: 

 Additives, like vitamins and flavourings

 Old age (like cheese and old cheddar)

 coagulation (like cottage cheese)

 Agricultural method (for example, grass-fed, organic, or haymilk)

 Some examples of milk with a low fat level are skim milk, 3% fat milk, 2% milk, and half and

half.

 fermentation, like making buttermilk

 Flavouring (like strawberry and chocolate)

 Homogenisation (like mixing cream top)
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 Packing (like a bottle, box, or bag)

 Putting milk through a process called pasteurization

 decrease or removal of lactose

 Decrease or removal of lactose

 Animals, like cows, goats, and sheep

 Sweetening (like strawberry and chocolate milk)

 The amount of water in a certain thing, like dry milk powder, condensed milk, or ultrafiltered

milk

It's not necessary to refrigerate milk before opening it that has been kept with the UHT process.

It also lasts six months longer than milk that has been stored in regular containers. In the UK, US, 

Europe, Latin America, and Australia, it is generally sold warm. 

3.0.5. Reduction or elimination of lactose 

For lactose-free milk, milk can be passed over a neutral carrier containing lactase enzyme. 

Once the molecule is cut, lactose doesn't do any harm. There are forms that have less lactose (about 

30% of usual) and forms that have almost no lactose. Because lactose is broken down into glucose and 

galactose, the only difference between this milk and normal milk is that this milk tastes a little sweeter. 

Ultrafiltration can also be used to make lactose-reduced milk. This process gets rid of smaller 

molecules like lactose and water, but it leaves calcium and proteins behind. The amount of sugar in 

milk made this way is less than in regular milk. For people who can't handle lactose, dairy foods like 

milk and yogurt with added bacterial cultures like Lactobacillus acidophilus ("acidophilus milk") and 

bifidobacteria can help.Cultured buttermilk, a milk with Lactococcuslactis bacteria cultures, is often 

used in cooking instead of naturally soured milk, which isn't used as much these days because so much 

milk is pasteurized, which kills the naturally occurring Lactococcus bacteria.  

3.1 Egg 

People can also eat fish, reptile, and animal eggs. Roe, also called caviar, is fish eggs that are 

eaten. Eggs from birds and reptiles have a shell that protects them, albumen (egg white), and vitellus 

(egg yolk), which are all inside different thin layers. Whole eggs and egg whites both store a lot of 

protein and choline and are used in a lot of recipes. The US Department of Agriculture used to put 

eggs in the Meats category on the Food Guide Pyramid (now MyPlate) because they are high in 

protein. Even though eggs are good for you, they can be bad for you because they contain fat, can be 

contaminated with salmonella, and some people are allergic to the proteins in eggs. 

A lot of people around the world keep chickens and other animals that lay eggs, and the production of 

large quantities of chicken eggs is a global business. There were about 6.4 billion hens that laid eggs 

around the world in 2009. They laid an estimated 62.1 million ton of eggs.There are problems with 

how demand and expectations vary from place to place, and there are also present arguments about 

how to make a lot of things. In 2012, the European Union made it illegal to keep chickens in cages. 

Bird eggs have been important foods since prehistoric times, both in societies that hunted and in more 

recent times, when birds were kept as pets. Before 7500 BCE, people probably brought the jungle fowl 

from warm and subtropical Southeast Asia and the Indian subcontinent into their homes to get their 

eggs. Sumer and Egypt had chickens by 1500 BCE, and they came to Greece around 800 BCE. Before 

that, dove eggs were the main source of eggs in Greece. Haremhab's tomb in Thebes, Egypt, dates 

back to around 1420 BCE and has a picture of a man bringing bowls of ostrich eggs and other large 

eggs, probably pelican eggs, as gifts. Eggs were kept fresh in a number of ways in ancient Rome, and 
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meals often began with an egg course. The Romans smashed the shells with their plates so that bad 

spirits couldn't hide inside them. In the Middle Ages, people had to give up eggs during Lent because 

they were too rich, but this wasn't just a religious practice. Every year, people stopped eating eggs for 

a while so that farmers could rest their flocks and keep their hens from eating too much food at a time 

of the year when food was usually short. In France in the 1600s, it was common to mix eggs with sour 

fruit juices. This may be where lemon curd got its start. Before the frozen egg industry became popular 

in the 1900s, the dried egg industry grew. In 1878, a business in St. Louis, Missouri, began drying egg 

yolk and egg white to make a light brown material that looked like meal. Over a lot more dried eggs 

were made during World War II so that the US military and its friends could use them. An egg fight 

in 1911 between a farmer in Bulkley Valley and the owner of the Aldermere Hotel inspired Joseph 

Coyle to create the egg box in Smithers, British Columbia. The first egg boxes were made out of paper. 

People liked polystyrene egg boxes in the second half of the 20th century because they were thought 

to protect better, especially against heat and breaking. But because people cared more about the 

environment in the 21st century, biodegradable paper boxes came back into style. These were often 

made from recycled materials and were very popular.  

Native Asian birds that only lay a dozen eggs a year during breeding season are the ancestors 

of domesticated chickens. Luckily, domesticated hens can now lay more than 300 eggs a year, all year 

long, thanks to thousands of years of careful breeding.  

3.1.1. Varieties 

In many recipes, bird eggs can be used in place of other items. In today's food business, they 

are important in many areas. Chicken, duck, and goose eggs are the ones that are most often used. In 

the West, smaller eggs, like quail eggs, are sometimes used as a gourmet item. Eggs are a popular 

everyday food in many Asian countries, like China and Thailand. In 2013, 59 percent of the world's 

eggs were produced in Asia.Largest bird eggs, which come from ostriches, are usually only eaten as a 

treat. People in England and some Scandinavian countries, especially Norway, think of gull eggs as a 

treat. Guineafowl eggs are often sold in bazaars in some African countries, especially in the spring. 

You can eat pheasant and emu eggs, but they aren't as common. You might be able to find them at 

farmers' markets, poultry shops, or high-end grocery stores. In many places, rules protect wild bird 

eggs by making it illegal to take them or sell them, or they only let people take them at certain times 

of the year.  

3.1.2. Production 

Eggs from chickens were grown 80.1 million tonnes around the world in 2017. Of these, 31.3 

million came from China, 6.3 million came from the US, 4.8 million came from India, 2.8 million 

from Mexico, 2.6 million from Japan, and 2.5 million each from Brazil and Russia.For example, every 

week, the biggest egg plant in British Columbia ships a million dozen eggs. During the month of 

January 2019, the US laid 9.41 billion eggs, 8.2 billion of which were eaten and 1.2 billion were used 

to raise chicks. In 2019, the average American will eat 279 eggs, which is the most since 1973 but less 

than the 405 eggs each person ate in 1945.Eggs can be lit on fire to check their quality while they are 

being made. You can tell by the size of an egg's air cell, and if fertilization happened three to six days 

before the candling, you can usually see blood vessels inside the egg, which means it has a baby. 

Depending on the rules in your area, eggs may be washed before they are put in egg boxes, but this 

may make them less fresh for longer.  

1. Eggshell

2. Outer membrane

3. Inner membrane
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4. Chalaza

5. Exterior albumen

6. Middle albumen

7. Vitelline membrane

8. Nucleus of pander

9. Germinal disc(nucleus)

10. Yellow yolk

11. White yolk

12. Internal albumin

13. Chalaza

14. Air cell

15. cuticule

The shape of an egg is like a spherical disc with one end being bigger than the other. They are

flat around a cylinder along their long axis. Eggs have a thin, hard shell around them. There are tiny 

walls inside the shell. The egg white and yolk are held together by chalazae, which are round bands of 

tissue. 

Air cell 

The bigger end of the egg has an air cell that forms when the insides cool down and get smaller 

after the egg is laid. Chicken eggs are graded by how big this air cell is. When the eggs are candling, 

it is measured. An egg that is very fresh gets an AA grade and has a small air cell. From AA to A to 

B, the grade goes down as the size of the air cell grows and the egg quality goes down. You can tell 

how old an egg is by watching how the egg's larger end rises to shallower depths in a bowl of water 

as the air cell gets bigger. This is because as water is lost through the shell's pores, the egg becomes 

less thick and the larger end rises to shallower depths. If you crack open an egg that is very old, it will 

float to the top of the water and smell bad. You should not eat it. The color of the eggshell comes from 

pigments that are added while the egg is being formed in the oviduct. The color of the eggshell can be 

different depending on the species and breed, ranging from the more common white or brown to pink 

or blue-green with spots. Most of the time, chicken breeds with white earlobes lay white eggs and 

chicken breeds with red earlobes lay brown eggs. Even though there isn't a strong link between shell 

color and nutritional value, some cultures prefer one color over another (see Color of eggshell below). 

Because candeling doesn't work as well on brown eggs, they get blood spots a lot more often. 

Membrane 

The eggshell membrane is a clear film that covers the eggshell and can be seen when the egg 

is peeled. It is mostly made up of rigid proteins like collagen type I. It is possible to sell these 

membranes as a food additive. 

White cell 

The clear liquid inside an egg is often called "white." It is also known as albumen or 

glair/glaire. At first, it is clear and colorless, but when it's cooked, it goes white and opaque. In 

chickens, it is made up of the layers of liquids that form in the front part of the hen's oviduct as the 

egg moves through it. When an egg is fertilized or not, it makes a shell around the yolk. During 

embryonic development, the main natural job of egg white is to protect the yolk and provide extra 
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energy. 

There are about 10 percent proteins, such as albumins, mucoproteins, and globulins, dissolved 

in the water that makes up egg white. However, egg white has almost no fat and less than 1% 

carbohydrates, while egg yolk has a lot of lipids (fats). To make vaccines, like those for flu, egg white 

is used, among other things, in cooking and lots of other ways. 

Yolk 

When the egg is first laid, the yolk is round and hard. The albumen adds water to the yolk as it 

grows, making it bigger. This makes the vitelline membrane (the clear covering around the yolk) 

stretch and weaken. The result is a yolk form that is flatter and bigger. The hen's food affects the color 

of its eggs. If the food has xanthophylls, which are yellow or orange plant pigments, they get into the 

egg and color it. The most common color in egg yolk is lutein. If you don't eat these bright foods, your 

yolk might not have much color. For example, eating foods like yellow corn and marigold flowers can 

make the yolk color better. It is against the law in the US to use fake color additives. Eggs from chicken 

are used in a lot of different meals, both sweet and savory, as well as in a lot of baked goods. 

Scrambled, fried, poached, hard-boiled, soft-boiled, omelettes, and pickled are some of the most 

popular ways to cook them. It's also possible to eat them raw, but people who are more likely to get 

salmonellosis, like the old, the sick, or pregnant women, should not do this. Also, only 51% of the 

protein in raw eggs is bioavailable, while 91% of the protein in cooked eggs is bioavailable. This 

means that the protein from cooked eggs is almost twice as easily absorbed as the protein from raw 

eggs. Egg yolks are an important part of cooking because they help oils mix together and also make 

things thicker, like in custards. The albumen, or egg white, has protein but almost no fat. It can be 

cooked with or without the yolk. Foams and airy foods can be made with egg white because it has 

proteins in it. Egg whites are often used in sweets like meringues and mousse. They can be whipped 

or air-whipped to make them light and fluffy. Eggshells that have been ground up are sometimes added 

to food to make it healthier. Every part of an egg can be eaten, but most people throw away the shell. 

For some recipes, you need eggs that aren't fully grown or haven't been laid yet. These eggs are 

collected after the hen is killed or cooked, while it's still inside the chicken.  

Cooking 

Multiple proteins in eggs gel at various temperatures in the yolk and the white. The temperature 

affects the gelling time. There is a point between 61 and 70 °C (142 and 158 °F) where egg yolk turns 

into a gel. Between 60 and 73 °C (140 and 163 °F), egg white gels. The outer albumen in the white 

sets at the highest temperature. During many cooking processes, the white forms first because it stays 

at higher temperatures for longer. It is quick death for salmonella at 71 °C (160 °F), and it can also be 

killed at 54.5 °C (130.1 °F) if it is kept there for long enough. To get rid of salmonella, eggs can be 

heated in their shells for one hour and fifteen minutes at 57 °C (135 °F). The white is a little more 

milky, but the eggs can still be used normally. It takes a lot longer to whip meringue, but the finished 

volume is almost the same. If you boil an egg for too long, the iron and sulfur molecules in the egg 

can change, leaving a greenish ring around the yolk. It can also happen if there is a lot of iron in the 

cooking water. Protein loses its quality when it's cooked too long. If you put an overcooked egg in 

cold water for a few minutes until it is fully cool, the greenish ring might not form on the yolk's surface. 

When you put a cooked egg into hot water, it's easier to peel than when you heat the egg slowly from 

cold water. The food of the bird has a small effect on the taste of the egg, but the age of the egg and 

how it was stored have a bigger effect. For instance, when a brown-egg chicken breed eats rapeseed 

(canola) or soy meals, bacteria in its gut turn them into triethylamine, which smells like fish and ends 

up in the egg. Because free-range hens' food is always changing, the tastes of their eggs will also be 

always changing. Duck eggs taste different from chicken eggs, but they still taste like chicken eggs. 
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Eggs can be soaked in mixes to make them taste better. In China, street vendors often sell tea eggs as 

a snack. To make them taste good, they soak them in a mixture of different sauces, soy sauce, and 

black tea leaves.  

Storage 

Eggs that can be eaten need to be stored very carefully because an egg that hasn't been handled 

properly may have high amounts of Salmonella bacteria that can make you very sick. Eggs are washed 

in the US. This makes the shell clean, but it also wears away at its surface. So, the USDA says that 

eggs should be kept in the fridge to stop Salmonella from growing. The taste and texture are also kept 

fresh in the fridge, but whole eggs (not washed or broken) can be left out for a few months without 

going bad. In Europe, eggs aren't usually washed, so the shells are dirty. The cuticle is still intact, 

though, so the eggs don't need to be kept cold. It is important to note that hens in the UK are protected 

against salmonella, and their eggs are usually safe for 21 days.  

Preservation 

Treatment with salt is the easiest way to keep an egg fresh. Molds and germs can't grow because 

salt takes the water away from them. To make a Chinese salted duck egg, you either put the eggs in 

brine or cover each one with a paste made of salt, mud, or clay. After about a month, the eggs stop 

taking in salt because they have hit osmotic equilibrium. They turn their yolks orange-red and harden, 

but the white stays mostly liquid. Most of the time, these are boiled before being eaten and are given 

with rice congee. To make pickled eggs, you boil the eggs first and then put them in a mixture of 

vinegar, salt, and spices like pepper or ginger. A lot of the time, beetroot juice is used to turn the eggs 

red. If you put eggs in it for a few hours, you can see the clear red, white, and yellow colors when you 

slice them. Putting it in the sauce for a few days or more will make the yolk red. If you leave the eggs 

in the mixture for a few weeks or longer, the vinegar will break down a lot of the calcium carbonate 

in the shell and get inside the egg, making it acidic enough to stop germs and molds from growing. If 

you don't cool them down, pickled eggs made this way usually last a year or more. Table 2 shows the 

nutritional makeup of an egg.  

Table 2.  Nutrition composition of Egg

Nutritional value per 100g 

Energy 155kcal 

Carbohydrates 1.12 g 

Fat 10.6g 

Protein  12.6g 

Tryptophan 0.153g 

Threonine 0.604g 

Isoleucine 0.686g 

Leucine 1.075g 

Lysine 0.904g 
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Methionin 0.392g 

Cystine 0.292g 

Phenylalanine 0.668g 

Tyrosine 0.513g 

Valine 0.767g 

Agrinine 0.755g 

Histidine 0.298g 

Alanine 0.700g 

Aspartic acid  1.264g 

Glutamuic acid  1.644g 

Glysine 0.423g 

Proline 0.501g 

Serine 0.936g 

3.2 Meat 

Meat, fowl, and fish are the main types of flesh foods. Meat is any red meat from an animal, 

but beef, veal, pork, and lamb (or mutton in some countries) are the ones that are most often found. 

"The muscle tissue of slaughter animals" is one way to describe meat. And the main type of muscle 

tissue in meat is skeletal muscle. There is also a very small amount of smooth muscle tissue. Tissue 

from animals that can be eaten. Some of these are muscle tissue, fat tissue, connective tissue, nerves, 

blood, and so on. The U.S. Department of Agriculture (USDA) and the Department of Health and 

Human Services (DHHS) put out new dietary rules for Americans and a new food guide pyramid. 

These say that people should eat less fat, saturated fat, and cholesterol. Following the rules doesn't 

mean cutting out all animal items from your diet. Between 1975 and 1991, the amount of meat, poultry, 

and fish that each person in the US ate slowly went up, from 77.7 kg (170.9 lbs) in 1975 to 83.6 kg 

(184.0 lbs) in 1991 (1). In addition to being tasty, meat gives you protein, minerals, and vitamins that 

your body needs, especially B vitamins (2). Around the world, people eat different amounts of meat 

depending on their social, economic, political, and physical situations. The most beef people ate was 

40.4 kg in 1976. In 1980 and 1991, it dropped to 32.8 kg and 28.9 kg, respectively. In the beginning, 

this drop was because people were switching to pork instead. In 1987, the amount of pork eaten by 

each person started going up again after slowly going down in the 1980s. But the rise didn't last long 

because in 1990, usage went down again. As people have become less interested in beef, poultry goods 

have really done well. From 1970 to 1991, the amount of chicken eaten by each person rose from 15.4 

kg to 25.8 kg. People are changing the way they eat because they are becoming more health-conscious 

and because some news stories have said that red meat is bad for your health and shortens your life. 
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Other parts of a dead animal that can be eaten are the organs (liver, kidneys, lungs, tongue, heart, 

diaphragm, esophagus, intestines) and other waste products from the killing (blood, soft tissues from 

the feet, head). Bovine, pork, goat, ovine, chicken, solipeds, and legomorphs bodies that have been 

cut up and eaten. 

3.2.1.   MEAT QUALITY 

Factors Affecting Quality 

Maturity-The physical changes that happen to an animal from birth until it is killed affect the 

meat that comes from it. The amount of lean to bone is pretty low in young animals. They also have a 

fair amount of fibrous tissue and not much fat. These traits can be seen in veal, which comes from 

cows that are less than three months old. When it comes to range, lamb, which comes from animals 

up to 14 months old, has a bit more. But meat is older than two years. In order to make selling easier, 

different ages of cattle and sheep are marked, but pork usually comes from animals that are six months 

or a little older. The higher fat content of adult animals changes the taste of the meat and makes it 

seem more juicy, which is important because the moisture content drops. The total amount of 

connective tissue in an animal's lean tissue grows as it gets older, but the rates of it are lower than they 

were when the animal was very young. Even with this small change, meat from an older animal may 

not be as soft as meat from a younger animal of the same cut. This loss of tenderness might be because 

as the animal develops and gets older, more cross-links are made between the collagen fibers in the 

lean muscle. Beef tastes different as it gets older. This is affected by the amount of fat, but other 

changes may also make the taste of mature beef stronger. The muscles' color changes over time, 

sometimes getting darker and more red. It's also possible for muscle pH to drop. Because each carcass 

is different, it's hard to be sure of details about changes that happen during maturation. Changes after 

death A carcass's biochemical processes continue for several hours after it has been killed, and these 

processes affect the quality of the meat. The animal's glycogen levels at the time of killing are very 

important for figuring out when rigor mortis will start and what makes the meat tasty when it's ready 

to be sold. After being killed, glycogen is broken down biochemically to make lactic acid, which is an 

important substance. Because lactic acid is formed, the pH in cow and other animal flesh drops from 

about neutral (pH 7.0 to as high as 7.2) to about 5.5, which is not what you want. In fish, the pH stays 

between 6.2 and 6.5. This is close to the isoelectric point of the proteins. This makes the fibers pack 

together and push some of the water out. The amount of moisture in meat is important because it 

affects how juicy the cooked meat is. Different species and even different bodies of the same species 

have different start times for rigor mortis. Rigor mortis can start to happen an hour after a fish is killed, 

but it can also happen up to seven hours later. When fish are killed, rigor mortis lasts longer if they 

are put on ice right away and kept in a cool place. This makes the fish last longer because bugs start 

to spoil food only after rigor mortis has passed. Still, fresh fish can only be kept for about a week after 

it dies, even if it is carefully iced while being stored. Different beef parts behave in different ways; 

some need to be aged for 11 days before they are at their tenderest. During this aging time, the best 

conditions for storage are just above freezing temperatures, controlled humidity of 70%, and 

ultraviolet light to stop the growth of microorganisms. These steps are important to make sure the meat 

doesn't get too dry or microbiologically dangerous. But beef can be kept at 16°C (61°F) for 16 to 20 

hours after it has been killed before it is aged at 2°C (36°F) to make it more soft. Because of the work 

of cathepsins and calcium-activated factor (proteolytic enzymes), beef can be aged for several days or 

even longer to make it more soft. Death by rigor Muscles that become temporarily stiff after an animal 

dies.  

break some of the links between actin and myosin and make the proteins simpler. Clearly, letting beef 

age helps it become more soft. Checking and Grades All meat that is slaughtered and sold across state 

lines must be inspected by the federal government. If the meat is not going to be crossing state lines, 
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state rules apply. This is done to make sure that the animal wasn't sick and that the right level of 

cleanliness and temperature control was kept up so that the meat is safe to ship to market. The right 

check for meat safety was done because each primal cut has a federal inspection stamp on it. Usually, 

federal graders decide the quality of meat by judging carcasses based on set standards that take into 

account things like marbling, texture, and yield. So, grade label tells you how good something tastes, 

but it doesn't tell you if it's safe.   

3.3 Poultry 

A recent survey of several countries found that 34 percent of the people surveyed in South Asia 

and 59 percent in SSA were suffering from severe energy deficiency (Smith and Wiseman, 2007). 

Both groups obtained 67 percent of their energy from staple foods (cereal grains, grain legumes, 

starchy roots and tubers) containing small quantities of only low-quality protein. Their average per 

capita egg consumption was only 42 per year, compared with a global average of 153. Stunting and 

wasting in children under five years of age, and slow mental development were seen mainly in rural 

areas of SSA. Eight out of ten of those affected were among the poor. Diseases such as kwashiorkor 

and marasmus, both seen in underweight children, are associated with inadequate dietary energy and 

protein. Pregnant and lactating women and young children are particularly vulnerable. In SSA, only 8 

percent of dietary energy comes from animal protein, compared with an average of 17 percent in all 

developing countries, and 28 percent in China. Poultry is the inclusive term for turkey, chicken, and 

duck, as well as pheasants and other less available fowl. Fish, in the broad sense, designates aquatic 

animals, but frequently it is the more narrow classification that includes only fish with fins, gills, a 

backbone, and a skull. Shellfish, the other classification of aquatic animals, is subdivided into mollusks 

and crustaceans, the former having a shell and the latter a horny covering. Chicken meat and eggs 

provide not only high-quality protein, but also important vitamins and minerals. Worldwide, 2 billion 

people depend on rice as their staple food. Most eat polished white rice stripped of many essential fats, 

the B complex vitamins and several minerals. Other cereal grains are usually deficient in critical 

nutrients. For example, maize (corn) is a staple food in some regions, but the niacin it contains is 

unavailable. Maize consumption without supplements causes pellagra. Invariably the protein content 

of grains is low and of poor quality. Net protein utilization (NPU) is an index of protein quality, 

calculated by multiplying protein digestibility by biological value. NPU of grains is generally less than 

40. Rice is the exception, with NPU of about 60, but it is low in protein (7.5 percent). NPU of chicken

eggs is 87. Generally, cereals lack the most important amino acids for humans – lysine, threonine, the 

sulphur-bearing amino acids (methionine and cysteine) and occasionally tryptophan. Eggs and chicken 

meat are rich in these essential amino acids. Eggs are also high in lutein which lowers the risk of 

cataracts and macular degeneration, particularly among people living in developing countries. In the 

least developed countries, the projected increase in egg consumption between 2005 and 2015 is 26 

percent, compared with only 2.4 percent in the most developed countries. Corresponding annual 

projections for poultry meat are 2.9 percent and 1.6 percent, respectively (FAOSTATS). Poultry has 

a major role to play in developing countries. Produce is relatively inexpensive and widely available. 

The commercial poultry industry provides employment and is growing rapidly. To produce 1 kg of 

meat from a commercial broiler chicken only about 1.7 kg of feed is needed. Poultry production has a 

less detrimental impact on the environment than other livestock, and uses less water. Semi-scavenging 

backyard indigenous poultry are extremely important in providing income and high-quality protein in 

the diets of rural people whose traditional foods are typically rich in carbohydrate but low in protein. 

The vexed question of the cholesterol content of eggs and human health seems to have been 

exaggerated. 
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3.4 Fish 

Omega-3 fatty acids, which are found in large amounts in fish, are known to be good for your 

health. Concerns about overfishing of popular fish have been raised because more of these fish are 

being eaten. Both commercial and sport fishers have been told how much they can take. When and 

where fish will do best is also affected by nature in a big way. There have been changes in the seas' 

water temperatures. The National Oceanic and Atmospheric Administration (NOAA) has been 

measuring the water temperature along the Pacific Coast and has found that it is rising faster now than 

it did at the start of the century and for most of that century. Fishermen say that the kinds and amounts 

of seafood in their areas have changed. Humboldt squid and marlin are usually found in the seas off 

of Baja California, but they are now being caught as far north as Washington. The number of squid 

near San Francisco is growing very quickly. Fewer albacore are being caught by sailors in San Diego, 

but more yellowfin tuna, which is used to make sushi. Fishermen off the coasts of Oregon and 

Washington have been limited in how many salmon they can bring home. On the plus side, warmer 

seas have caused more albacore tuna to move north, so there are more of them in this area. Some 

people in the East say that the rising water in Chesapeake Bay is to blame for bass getting sick 

(mycobacteriosis). A lot of algae are growing and taking oxygen out of the water, which could affect 

the health of the bass population. Less oxygen in the water could be a problem in coastal areas, and in 

the future, the amount of fish on both coasts could go down. Based on how much the glaciers will melt 

and how it will affect sea level in the long run, it is thought that the marshes along the coast may 

disappear as the water rises and the area becomes open sea. When this happens, the number of crabs, 

shrimp, menhaden, and other sea creatures that raise their young in the protected swampy area will go 

down. These are some of the issues that need to be watched over and fixed as much as possible so that 

the country doesn't lose important types and amounts of seafood that are needed to feed everyone. Fish 

in the Great Lakes are facing a very different natural problem. The present situation has changed since 

1972, when an Arkansas fish farmer brought in some Asian carp. The imported carp kept holding pens 

clean and didn't cause any problems until the 1990s floods let them out into local streams. The common 

carp were already there and weighed about 25 pounds. The Asian carp, on the other hand, ate 

everything they could find and pushed out most of the native fish as they moved north through streams 

and rivers. Because they are so strong, these big fish can hurt people in small boats when they jump 

up to 8 feet in the air. They can weigh up to 100 pounds. There is no chance that these giant carp will 

end up on dinner tables because they are bad mannered, don't taste good, and are full of bones. They 

are a threat to both the fish that people eat and the boats who aren't paying attention. Now that giant 

carp have arrived in Chicago, expensive and hard work is being done to keep them from getting into 

Lake Michigan. This is the last chance for activists to keep giant Asian carp out of all of the Great 

Lakes. If we don't stop them, they will destroy the fishing business and sport fishing in all of these 

lakes. 

3.4.1 Structure 

Muscle Tissue Components- 

Water is the main thing that makes up muscle; in fact, about 75% of muscle is water. A very 

small amount (18%) of the total is made up of protein, which is the next most common material. The 

amount of fat varies a lot, but it's usually between 4 and 10 percent. A little more than 1% of the total 

is made up of carbohydrates, mostly glycogen but also glucose and glucose 6-phosphate in small 

amounts. The picture is finished off with vitamins, minerals, and small amounts of different organic 

substances. Muscle tissue is made up of different parts that are different from one muscle to the next 

and even within the same muscle. Because of this difference, testing meats is hard to do. There are 

more problems because the bodies are not all the same. 
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Proteins 

Muscles have three main proteins: tropomyosin, myosin, and actin (which comes in two forms, 

G-actin and F-actin). When actin and myosin join together, they make actomyosin, which is a large 

and important protein found in muscles. Adenosine triphosphate (ATP) and calcium and magnesium 

ions speed up this process, which can go either way. It happens when muscle tissue contracts and 

relaxes. Enzymes are part of the protein that is found in muscle tissue. Soluble adenosine 

triphosphatase is an enzyme found in the sarcoplasm, which is a jelly-like protein found in muscle 

fibers. It helps make lactic acid after death, which lowers the pH of tissues and may be a major cause 

of rigor mortis. Cathepsin and calcium-activated factor are important because they may play a part in 

the proteolytic processes that soften tissue as rigor mortis wears off. Neutral pyrophosphatase may 

change how much water meat can hold.  

Organization 

The organization of muscle tissue is very complicated. It starts with protein molecules (like 

myosin and actin) joining together to form myofilaments. Then, these smaller structures join with 

bigger ones until the whole muscle is clearly defined. Proteins in Connective Tissue The connective 

tissue of foods is mostly made up of four types of materials. All of these are either pure proteins or 

complexes made up of many proteins linked together. Collagen might be the most important of the 

four. These are reticulin, elastin, and ground material. Collagen is an important protein in foods 

because it is found in the structural sheaths inside and between muscles. It's a pretty complicated 

protein made up of strands of tropocollagen. These strands are made by cells and then sent to the 

ground material to be mixed into collagen molecules. The molecule tropocollagen is coiled and made 

up of three strands that are joined together to form a long, thin unit. There is a lot of hydroxyproline 

and proline in tropocollagen (about 25 percent), which makes it fibrous. This is because the amide 

linkage through the pyrrolidine ring stops the molecule from taking on the normal helical shape that 

makes a spherical protein. In other words, the nitrogen in either proline or hydroxyproline is part of 

the main structure (the backbone chain) of the tropocollagen strands. The pyrrolidine ring's flat rigidity 

stops the bonding angles that make most food proteins α-helix-shaped or spherical in the end. This 

stiffness is important because there are a lot of proline and hydroxyproline, two pyrrolidine-ring amino 

acids, as shown here. Another unique thing about tropocollagen's chemical make-up is that it has a lot 

of the very simple amino acid glycine present. Glycine makes up about a third of the molecule. Several 

different types of amino acids make up the last 42% of the amino acids in tropocollagen. The three 

strands of tropocollagen stick together to make the molecule. This is made possible by hydrogen 

bonds. Next, these molecules are held in place by a mix of bonding forces, such as hydrogen bonds, 

in the bigger collagen molecule. One big reason why the native collagen molecule is stable is that 

covalent bonds are formed between the three strands of tropocollagen to make a collagen molecule. 

Over time, the number of covalent links that form between the three tropocollagen components slowly 

rises. This helps explain why meat from older animals gets tougher over time.In contrast to collagen, 

which is found in large amounts in muscle, elastin is only found in small amounts. Collagen is white, 

but elastin is yellow, so you can tell them apart. Collagen can change into gelatin when cooked, but 

elastin doesn't change when it comes to chemicals. The name "elastin" comes from the fact that it is 

rubbery. Desmocine and isodesmocine are two unusual amino acids that play a big role in the structure 

of elastin. This is because their tetracarboxylic–tetraamino acid functional groups allow them to cross-

link with up to four bands of amino acid residues. In elastin, hydroxyproline makes up less than 3% 

of the total protein, which is not very much. The main parts of ground substance in beef that are plasma 

proteins and glycoprotein, which are made up of amino acids with extra carboxylic acid groups, are 

proteins. Ground material proteins, on the other hand, don't have any proline or glycine. It's interesting 

that three tropocollagen strands are firmly crossed-linked in ground substance, which is how collagen 
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molecules are made. This ground material often has proteins that are tightly linked to muco-

polysaccharides. These glycoproteins make up an amorphous matrix that collagen and elastin can stick 

to to form connective tissue. The fourth type of protein in connective tissue is called rigidin. Even 

though it is a fibrous protein like collagen, it is definitely different from collagen because it is linked 

to myristic acid, which is a 14-carbon fatty acid. The endomysium is the connecting tissue between 

muscle fibers. It is made up of ground substance and collagen. A lot of strands are held together by 

the perimysium. Lastly, a lot of these bundles of fibers are grouped together into big groups. These 

groups are surrounded by the epimysium, which is the top layer of connective tissue. The muscles in 

meat are made up of these parts. The structure of fish flesh is like that of red meat. Some myofibrils 

in fish muscles are flat instead of cylindrical, but most of them are cylindrical. These are similar to 

myofibrils in red meat in many ways. In fish tissue, the highest level of organization is made up of 

parallel layers of short, thick myofibrils that are connected to mycomatta, which is fish connective 

tissue. Actin and myosin levels are higher in fish than in red meat, which means that actomyosin levels 

are also higher. Actomyosin and collagen levels are also higher in fish, but they are more sensitive to 

heat. Because of these factors, it is important to carefully control the temperature when cooking fish. 

Fat 

Lipids occur in muscle tissue and also in fatty deposits or fat depots. The fatty acids found 

most abundantly in the triglycerides in the fat depots are oleic (18 carbon atoms, 1 double bond), 

palmitic (16 carbon atoms, no double bonds), and stearic (18 carbon atoms, no double bonds). In the 

cells, the lipid and lipid-related compounds include cholesterol, glycolipids, phospholipids, 

plasmalogens, and sphingomyelin. These lipid components are deposited in fat cells in a matrix of 

connective tissue, primarily collagen. The presence of fat contributes to the perception of juiciness 

and flavor of meats, and it also is of interest from the perspective of nutrition. Beef fat, with its 

comparatively high content of saturated, long-chain fatty acids is quite different from pork, lamb, or 

various types of poultry and fish. Nutritional concern regarding the composition of fats in flesh foods 

has generated interest in the content of omega-3 fatty acids. Omega-3 fatty acids are particularly 

abundant in fish oils. Changes in fats during storage or cooking can affect the flavor and aroma of the 

food. Phospholipids are particularly susceptible to chemical changes. Oxidative rancidity may increase 

with the presence of phospholipids. Chemical changes may occur as a result of high temperatures in 

deep-fat frying and broiling, particularly if the time is extended. 

Pigments 

Myoglobin and Compounds that are related one of the main pigments that gives meat its color 

is myoglobin, and the other is hemoglobin. In fact, myoglobin and hemoglobin are chemically very 

similar. They are both iron-containing colors, and heme is what they have in common. Their only 

difference is the amount of protein they have. Histamine has four polypeptides, but myoglobin only 

has one. Its molecular weight is about 17,000, and it has only one string of protein polymer. It takes 

up four times as much space as myoglobin. It is made up of four heme–polypeptide molecules that are 

joined together. Heme is made up of four pyrrole rings that are covalently connected to make a large 

complex. The iron atom in the middle is connected to the complex by nitrogen atoms in each of the 

pyrrole rings. The big molecule called hemoglobin is made up of four heme–polypeptide polymers 

that are joined together. It has a molecular weight of about 68,000. The iron atom in the middle of 

heme can combine with other atoms or compounds to make new compounds. This can change the 

color of the meat. Other color changes happen when the state of the iron atom changes. People who 

study meat color are mostly interested in myoglobin because it is the main pigment and gives about 

three times as much color as hemoglobin. Iron is in the ferrous (2+) state and not bound to any other 

atoms or molecules, which gives myoglobin its purple-red color. When meat is fresh and not exposed 

to air, the color of myoglobin that stands out is a purple-red one. When myoglobin comes in contact 
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with air, it easily adds two oxygen atoms to make oxy-myoglobin. This is what gives meat that has 

been cut and left out in the air for a while its bright red color. There should be a lot of oxygen around, 

which helps oxy-myoglobin form and makes sure that meat is a nice bright red color. Using oxygen-

permeable plastic wrap to package pre-cut meats helps make sure that the cuts will have the bright red 

color of oxy-myoglobin that people like. Sodium erythorbate, tetra-sodium pyrophosphate, and citric 

acid work well together to keep oxymyoglobin levels high for longer when meat is sold in modified-

atmosphere packing. Metmyoglobin is a brownish-red pigment that forms when myoglobin doesn't 

get enough oxygen or when meat is exposed to bright or incandescent light for too long. The iron atom 

changes to the ferric (3+) state and a molecule of water forms a complex with it, giving the color we 

don't want. It is possible to change metmyoglobin back into myoglobin. These are the ways that 

myoglobin colors can change between oxymyoglobin, myoglobin, and metmyoglobin, depending on 

the situation:  Unlike some types of meat, which are red, fish and chicken are usually not colored very 

much. The light color of chicken is caused in part by hemoglobin. A lot of vertebrate fish have two 

muscles: a big, light-colored lateral muscle and a darker muscle that is mostly made up of myoglobin 

that isn't as good. Alaskan astaxanthin, a type of carotenoid pigment, gives the lateral muscle in salmon 

its individual color. 

3.4.2. Changes effected by heating 

The color of red meat changes as it cooks. First, the myoglobin that is inside muscles turns into 

oxymyoglobin. When heated for a long time, oxymyoglobin changes into denatured 

globinhemichrome, which is the dark brown color that means the meat is done. Metmyoglobin is the 

same thing as altered globinhemichrome, but heat has changed the protein (globin) part. This response 

is shown in this picture. By making things more opaque, heating fish makes their light color stand out 

more, but this is not a big change. When it comes to crabs, things are very different. The dull, blackish-

green color of raw crab, lobster, and shrimp changes because astaxanthin takes over and the other 

pigment that was there before stops working because the protein it is attached to breaks down. Like 

fin fish, chicken usually doesn't have much color when it's cooked. Some hemoglobin may have leaked 

from the marrow into the flesh of young birds that have been frozen. This hemoglobin will turn dark 

when the meat is cooked. When chicken is cooked in very high temperatures, it can sometimes turn a 

reddish-pink color. In this case, hemoglobin reacts with carbon monoxide and nitric oxide that are 

made by an electric heating element or flames when grilling.  

3.4.3. Changes effected by curing 

Meats are sometimes pickled, which means they are treated with sodium nitrite and salt to keep 

them fresh for a long time. There are two ways to cure bacon: pumping and dry curing. With pumping, 

the curing agents are injected into the bacon, and it is left to sit for 5 to 24 hours before it is slowly 

cooked. With dry curing, the bacon has to sit for several days before it is heated. One important job of 

nitrite is to keep cured food from getting botulism. Sodium ascorbate or sodium erythorbate must also 

be added to pumped bacon because vitamins C and E lower the amount of nitrosamines that are made 

when bacon and nitrite-cured foods are fried. The way nitrites change the color of meat is especially 

interesting when talking about pigments. Nitric oxide is made from nitrites when meat is cured. It joins 

with myoglobin to make nitric oxide myoglobin. As the curing process goes on, this compound turns 

into nitric oxide myochrome when a second nitroso group replaces the globin. A main color in cured 

foods is nitric oxide myochrome, which helps keep their well-known pinkish-red color. When iron is 

exposed to air and light, it changes from ferrous iron to ferric iron (3+), which gives it a dark color. 

When beef is cured, a nitroso group joins with myoglobin and heat breaks down the globin part of the 

molecule. This makes nitrosyl-hemochrome. This compound is also a pink color that is found in a lot 

of cured foods. When the iron in nitrosyl-hemochrome is oxidized, the structure of the pigment 

changes to that of altered globinnitrosyl-hemochrome, which is brown. Here are the responses that 
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happen during curing: The pigments in cured foods break down faster when they are exposed to light 

and extra oxygen. In particular, light makes it easier for the nitroso group to be taken off of colors. 

This makes it possible for ferrous colors to oxidize into the ferric state, which changes the color. The 

porphyrin ring can sometimes be oxidized, which makes the pigments fade and can sometimes cause 

a bright green or yellow color to appear. People have noticed that the surface of packaged cured foods 

sometimes has a rainbow-like look. This might be because of how light bends around the pigments. 

3.5  Convenience foods and processed foods 

There are more and more people who like ready-to-eat foods or convenience foods these days. 

These foods can now be bought in a number of forms, such as canned, packaged, frozen, etc. They 

give us more options for what we eat and are simple to make and store. You will learn how to choose 

them and how to use them in this unit. It's very important for us to have quick foods these days. Since 

more and more women are leaving the house to work, making food should take a lot less time and 

energy. There are foods that are easy to make and don't go bad while they're being stored. These are 

called comfort foods. You may also hear this term used for ready-to-eat foods. Along with being easy 

to use, they can also be kept for a long time. These things improve the quality of food and give you 

more options for what you eat. For many things, all you have to do is open the box or can, heat the 

contents, or do something simple like mix the ingredients before serving. You can see the wide range 

of these kinds of foods that are sold in grocery stores by going to your neighborhood market. These 

days, packed foods are more popular than heavy foods. Even simple things have been changed in some 

way to make them easier to use. For example, you could only get milk from the local farm before, but 

now you can get pasteurized milk in bottles, polypacks, and other containers that are sealed to keep it 

clean. When you buy convenience foods, they are already partly or fully prepared for you to eat. To 

put it another way, the maker has already done some of the work of getting it ready. This makes them 

easy to make and serve quickly. When you buy peas in a can, they're already shelled, cleaned, etc., so 

they're a "convenience food." A can of soup is also a "convenience food" because all you have to do 

to serve it is heat it up. On the other hand, it's important to remember that these kinds of foods usually 

cost a lot because they cost a lot to make. Some changes may happen to the way food looks, tastes, 

and feels after it is processed. For example, wheat can be processed to make cookies, bread, noodles, 

and Foods that are easy to eat may be partly prepared or already cooked. Some foods, like instant 

noodles or gulabjamun mix, need to be cooked by the mother before they can be eaten. The maker 

only does some of the work on it. But ready-to-eat foods, like corn puffs, potato cakes, and so on, don't 

need to be made ahead of time. When food has been "processed," it has "changed in character." For 

safety reasons and to make things easier, processed foods have been changed from how they were 

originally grown. Some of the ways that foods are processed are by canning, freezing, cooling, 

dehydration, and aseptic processing. One example of a processed food is pre-washed, cut spinach. A 

head of spinach, on the other hand, is not processed.The word "processed food" refers to any food that 

has been changed on purpose before it is eaten. It includes foods that have been cooked, canned, 

frozen, packaged, or whose nutritional value has been changed by adding to it, storing it, or making it 

in a different way. We handle food whenever we cook, bake, or get it ready. People usually know that 

processed foods have a lot of sugar, salt, and "trans" fatty acids. People think that getting too much of 

these nutrients is the main reason why people are more likely to get some of the biggest public health 

problems in the world, like obesity, diabetes type 2, cancer, and heart disease. Salt is a food ingredient, 

a seasoning, and a nutrient that is very important to human diet. But too much of it is linked to health 

problems for the people, like high blood pressure. Over the years, the number of people with high 

blood pressure has gone up. This disease is thought to kill 7.5 million people every year. Most foods 

have sodium in them when they are in their normal state, but it's usually only in small amounts. Most 

of the time, salt is used to add sodium to food. About 75% to 80% of the salt people in developed 
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countries get from processed foods, 5% to 10% from foods that are naturally salty, and the last 10 to 

15% from salt that is added when food is made. More than just adding flavor, salt is very important to 

the food business because it helps keep food fresh and makes it easier to process. For the consumer, 

on the other hand, salt is an important part of the taste of food because it brings out other flavors that 

the consumer doesn't like. When the amount of salt in foods is greatly cut, people usually don't want 

to eat them.  

3.6.  Technologies underlying mutual supplementation 

Igh in fruits and vegetables. In the north, people eat more animal fat and animal food items. In 

northern European countries, people eat alone, but in continental and southern European countries, 

people value the social aspect of food and having a meal. These changes in what people eat and drink 

across Europe are a big reason why people's health seems to be different across the continent. The 

people in the European Union (EU) are still dealing with modern diseases like obesity, osteoporosis, 

cancer, diabetes, allergies, stress, and dental problems, even though consumers today are paying more 

attention to food safety, quality, and health issues. Recently, food companies have started making 

"functional foods," which are foods that have an extra health benefit. Some of the benefits of functional 

ingredients may seem to improve short-term health or performance, but many of these benefits have 

to do with preventing or treating diseases over the long term. Long-term health benefits are usually 

not noticeable to the normal person. Traditional foods are seen as healthier and more natural by more 

people. As a result, people are more interested in how they affect health and nutrition, and they want 

to eat more of them. 

3.7  Enrichment and fortification 

It is called "food fortification" when important trace elements and vitamins are added to food. 

Adding extra nutrients to a food may be done for business reasons, or it may be done as a public health 

policy to lower the number of people in a community who aren't getting enough of certain nutrients. 

Some nutrients may not be present in diets that don't change much. Sometimes, the normal foods in 

an area don't have certain nutrients because of the soil in that region or because the normal diet isn't 

very good. Food fortification can be broken down into four main ways, each named after the process 

used to make the food healthier:Bio-fortification means breeding foods to make them healthier. This 

can be done through both traditional selective breeding and modern genetic modification.  

Synthetic biology, such as adding probiotic bacteria to food 

• Fortification used in business and industry (like flour, rice, and oils used in cooking)

• Adding tots at home (like vitamin D drops) Items like iodized salts, folic acid, niacin, vitamin

D, fluoride, golden rice, white rice, and more are examples of foods that have been made

healthier. A food that has been improved has had nutrients added to it. The extra nutrients were

usually already in the food when it was first made, but they were taken out during processing.

A common enriched food is white bread, which gets extra vitamins added to it after the

washing process takes them away. It is true that both "fortification" and "enrichment" mean

adding nutrients to food, but they mean slightly different things. The Food and Agricultural

Organization of the United Nations (FAO) and the World Health Organization (WHO) both

define fortification as "the practice of intentionally increasing the content of an essential

micronutrient, i.e. vitamins and minerals (including trace elements), in a food, regardless of

whether the nutrients were originally in the food before processing or not, so as to improve the

nutritional quality of the food supply and to provide a public health benefit with minimal risk

to health." Enrichment, on the other hand, is the process of adding micronutrients to a food
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that are lost during processing. Adding a nutrient to food to bring it back to its original nutrient 

level is called restoration. Most of the time, adding nutrients that are naturally found in the 

food is part of both repair and enrichment programs. Standardization means putting nutrients 

into foods to make up for differences that happen naturally so that a standard amount is 

reached. Standardization is a key step in making sure that the quality of the end product is 

always the same.  

• Supplementation means adding nutrients to food that aren't normally there or are only found

in very small amounts. Several nutrients can be added at once, and large amounts of each can

be added. Fortification is different from restoration and standardization because the nutrient

added and the food picked as a carrier must meet certain standards for the fortified product to

be a good source of the nutrient for a certain group of people. The nutrients that are added to

food to make it healthier may or may not have been in the food carrier to begin with. What

happens to the security of added nutrients when they are processed? A lot of chemical and

physical things can change how stable nutrients are. So, when processing fortified foods,

certain factors must be chosen and kept under control to keep nutrient losses to a minimum.

Minerals, like iron and salt, are much more stable than vitamins when they are processed in

harsh ways. Leaching of water-soluble substances is the main way that minerals are lost. On

the other hand, vitamin A changes a lot when it is processed. Vitamin A doesn't like air or high

temperatures. Oxidative harm can happen to vitamin A and β-carotene that are added to food.

If vitamin A is added to food, it is generally in the form of vitamin A esters because retinol is

less stable than this form. pH also has a big effect on how stable vitamin A is.Vitamin A can

be oxidized if the pH is less than 5. Vitamin A isomerizes from the trans to the cis configuration

when the pH is low. The cis configuration has less vitamin action. A low pH is a problem that

often comes up when juice is being made. The pH of most fruit drinks is low, around 3.0.

Carbonation, which gets rid of oxygen, can be used to maintain vitamin A when the pH is low.

Food additives that are widely used in the food industry to add color, flavor, and keep food

fresh Nano-materials as food additives- Adding natural or artificial colors to food should show

that it is of good quality, help with marketing, and make customers happy. In certain

technological steps, colorants are added to food matrices so that food items have the right

colors and stay that way. Colorants are also used to bring back the natural colors in foods that

have been lost because of air, light, temperature, moisture, or bad storing conditions. Food

colorants can also give neutral foods the right color, keep flavors and vitamins safe during

storage (because they are antioxidants), or make foods look better and be healthier overall.

Color add-ons are called dyes (also called pigments) or lakes. Both kinds can be used as

primary colors, which are pure colors that are used as they are, or as secondary colors, which

are made by mixing primary colorants with liquids or other substances to make them less

strong. Dyes are industrial pigments that dissolve in water and can be bought as powders,

granules, or liquids. They are often found in drinks, dry mixes, baked foods, sweets, dairy

products, and more. Color is a good way to tell how good food is. People think that food color

means that it was processed well and is safe. Foods get their color from natural pigments or

manufactured organic dyes that are added to them. Some natural colorants are pigments that

are already in food that hasn't been changed in any way, and others can be made by heating,

cooking, or storing food.

3.8  Fermentation 

In food processing, fermentation is the process of turning starches into alcohol or organic acids 

with the help of microorganisms like bacteria or yeasts in an oxygen-free environment. When 

something ferments, microorganisms are generally wanted to do something. Zymology or zymurgy is 
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the study of how things ferment. "Fermentation" can also mean the chemical process of turning sugars 

into ethanol, which is used to make alcoholic drinks like beer, wine, and cider. On the other hand, 

similar things happen when yeast works to leaven bread (producing CO2) and when sour foods like 

kimchi and yogurt are kept fresh (producing lactic acid). Other soured foods that people eat a lot are 

vinegar, olives, and cheese. Foods made in your area that are fermented may also come from beans, 

grains, veggies, fruit, honey, dairy products, and fish. Natural brewing happened before people did. 

Fermentation has been used by people for a very long time. Beer residues that are 13,000 years old 

and have the consistency of gruel were found in a cave near Haifa in Israel. They are the oldest 

archeological proof of fermentation. In 1856, French scientist Louis Pasteur made the first link 

between yeast and fermentation. This was the start of zymology. Fermentation is an important 

biological process that mostly happens when oxygen (O2) is not present. During fermentation, sugar 

is broken down without air being present. Organic acids, gases, or alcohol are the things that are made 

during fermentation. Fermentation can happen in yeast, bacteria, and muscle cells that don't have 

enough air, like in lactic acid fermentation. For microbiologists, fermentation is one of the main ways 

to make ATP by breaking down organic nutrients without oxygen, as long as the right bacteria are 

present. Zymology is the study of how things ferment. It is thought that fermentation processes were 

created so that fruits and vegetables could be stored for times when food was scarce. They do this by 

using organic acids and alcohols to preserve the food, give it a good taste and texture, make it less 

toxic, and shorten the cooking time. A process called fermentation uses microbes or their enzymes to 

turn food into food. Foods that have been fermented are made when edible microorganisms take over 

or attack them. These microorganisms produce enzymes, like amylases, proteases, and lipases, that 

break down the carbohydrates, proteins, and fats into nontoxic products that taste, smell, and feel good 

to humans. Since the Neolithic period, people have used fermentation to make drinks and other foods. 

For instance, fermentation is used to keep foods fresh by making lactic acid, which is found in sour 

foods like pickled cucumbers, kimchi, and yogurt. It is also used to make alcoholic drinks like wine 

and beer. All ruminant animals, including people, have fermentation in their digestive tracts.  

3.8.1 Biochemistry of fermentation 

Alcohol fermentation mostly happens without oxygen, when oxidative phosphorylation isn't 

happening to keep glycolysis making ATP (adenosine triphosphate). During fermentation, pyruvate is 

broken down into different molecules. There are three main types of fermentation.  

a- Homo-lactic fermentation is the production of lactic acid from pyruvate 

b- Hetero-lactic fermentation is the production of lactic acid as well as other acids and alcohols. 

c- Alcoholic fermentation turns pyruvate into ethanol and carbon dioxide.Typically, ethanol, 

lactic acid, and hydrogen are examples of goods that have been fermented. Butyric acid and 

acetone are two examples of unusual chemicals that can be made through fermentation. 

Changing pyruvate into fermentation end-products, which is the last step in fermentation, does 

not make any energy. Nicotinamide adenine dinucleotide (NAD) needs to be renewed for 

glycolysis to happen, so this is very important for an anaerobic cell. This is very important for 

cell activity because glycolysis is the only way for cells to get ATP when they don't have 

oxygen. NADH and pyruvate, which are made during glycolysis, are changed into NAD+ and 

an organic product during fermentation. NADH and pyruvate are used to make ATP when O2 

is present. This is called respiration. The name for this process is oxidative phosphorylation. It 

makes a lot more ATP than glycolysis by itself. Fermentation is a magical process that is rarely 

used when oxygen is present. The process has to be anaerobic, which means it can only happen 

without oxygen (O2). It is called a "obligatory anaerobe" if it can't handle even a 

physiologically safe amount of oxygen. The first step is Embden–Meyerof–Parnasglycolysis, 
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which happens in all fermentation routes in the same way: 

C6H12O6 + 2 NAD+ + 2 ADP + 2 Pi → 2 CH3COCO2− + 2 NADH + 2 ATP + 2 H2O + 2H+ 

3.9  Malting and germination 

In the steeping stage, there are times when the grain is submerged in water (called "under water 

periods") and times when the water is released from the grain (called "air rest periods"). This mix is 

needed to help the sprouting process go smoothly and keep it going.For the next step, malting, to work 

well, the barley needs to have its water level raised to between 42% and 46% during the steeping 

process, which usually takes place at temperatures between 15°C and 20°C. Barley embryos become 

active when they take in water, and they use the oxygen that is dissolved in the water to breathe. 

During the first time under water, the organic matter and microorganisms in the grain quickly take in 

the liquid oxygen in the water. If the source of oxygen is cut off for a long time, respiration, which 

releases CO2, may start fermentation, which makes ethanol. Recently, it was shown that steeping 

conditions changed how quickly plants recovered from oxygen shortage, how fast seeds grew, and 

when they started making α-amylase. At any point, not having enough air will stop the growth and 

production of enzymes. Anaerobiosis that lasts for a long time hurts the grain more and more until it 

dies. When it comes to the malting process, the steeping step uses the most water and makes the most 

waste. To save water in malting, less water is used for steeping (for example, spray-steeping instead 

of repeated immersions) and water is recirculated to cool and humidify the malt. However, using steep-

out waters for later steeps slowed down germination and lower the quality of the malt, mostly because 

they contained substances that stopped germination. A membrane bioreactor was used to get rid of the 

germination inhibitors effectively. The cleaned waters were then used again in the steeping process, 

and the malts that came out were good in terms of their physical and chemical properties. The embryo 

of the grain grows during the sprouting process, which is shown by the rootlets getting longer and the 

shoot (acrospire) getting bigger. At the same time, the endosperm's contents change . There is some 

overlap between the germination and steeping steps because many maltsters like the barley to be 

"chitted," which means that the rootlet tip should break through the husk, at the end of the steeping 

step. The goal of the maltster is to get the change that is needed for a certain type of malt while keeping 

the weight loss caused by the embryo's activity to a minimum. For pale malts, theacrospires should 

not grow longer than two-thirds to three-quarters of the grain's length. For dark malts, they should 

grow longer than three-quarters of the grain's length. But malting loss from respiration is unavoidable. 

It's usually between 4% and 8%, but it depends on the type of wheat and how it was malted. You can 

change the rate of germination and the amount of modification by changing the grain's moisture 

content and temperature. Usually, the grain that has been soaked spends between 4 and 6 days in a 

humid, well-ventilated space. A flow of air through the bed keeps the temperature of the sprouting 

grain between 14°C and 20°C. Atomizing water jets add moisture to the germinating grain, which can 

be cooled by refrigeration. A gentle turning of the barley during the germination time is also important 

to make sure that the grain bed stays the same while the kernels germinate.One of the most important 

changes that happens during transformation is that the amount of some hydrolytic enzymes in the grain 

goes up by a lot. The scutellum and aleurone layers are where most of the hydrolytic enzymes that 

change things come from. During the early stages of germination, the scutellum releases a lot of 

hydrolytic enzymes that start to break down the cell walls of the broken cell layer as well as the 

endosperm's walls, protein, and starch granules. Gibberellins are released by the scutellum along with 

enzymes. These help the aleurone layer make and release more hydrolytic enzymes. When the 

hormone comes in, it starts the production and release of α-amylase on its own, since it is not present 

in the wet aleurone. About 85% of this enzyme in malt is thought to come from the aleurone layer and 
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15% from the scutellum layer (Briggs et al., 1981). β-Amylase, which was found in the original barley 

but was inactive in the starchy endosperm, is released, and the breaking down of the parts continues. 

During sprouting, proteases and carboxy peptidases build up in the starchy endosperm. β-

Glucansolubilase is a carboxy peptidase that changes the hydrophobic cell wall protein matrix into 

high molecular weight β-glucans that are soluble but thick. This can make it hard to separate the wort 

and filter the beer. Endoglucanases and β-glucosidases break those down even more to make glucose 

and low molecular weight glucans. During the malting process, these enzymes grow slowly and are 

slightly affected by gibberellic acid. Gibberellic acid is an example of a germination inhibitor that can 

be added to the grain, just like potassium bromate, to speed up the process a lot. It's called "green malt" 

at this point. 

3.10 Food additives commonly used in food industries 

Natural pigments can be categorized into four, not necessarily homogeneous, groups: 

Isoprenoid derivatives – carotenoids Porphyrins - chlorophylls and hemesPhenolic compounds - 

anthocyanins, betalains, quinones, curcuminoids Various naturally occurring colorants—riboflavins, 

caramels, melanoidins, melanin, and natural pigments—are manufactured as either dyes (hydrophilic 

powders or lipophilic oleoresins) or lakes. Utilization of natural pigments in certain nations The natural 

colorants recognized in the United States (US) category comprise annatto extract, β-apo-8′-carotenal, 

β-carotene, beet powder, canthaxanthin, caramel color, carrot oil, cochineal extract (carmine), 

cottonseed flour (toasted, partially defatted, and cooked), ferrous gluconate, fruit juice, grape color 

extract, grape skin extract (enocyanin), paprika, paprika oleoresin, riboflavin, saffron, titanium 

dioxide, turmeric, turmeric oleoresin, and vegetable juice.. 

Examples of some exempt natural colorings include grape skin extract for restricted use only 

in beverages; marigold (Targets) meal can be used only for chicken food. Natural food colorant EU 

code colour hue source and properties Curcumin, turmeric, turmeric oleoresin E 100 Orange yellow 

Plant rhizome (Curcuma longa); strong odor and bitter, sharp taste Riboflavin (ii) riboflavin-5- 

phosphate E 101 Yellowgreen Semi-synthetic, obtained from bacterial fermentation (Blakesleatrispora 

and Ashbyagossypi); fluorescent lightsensitive, bitter taste Carminic acid and carmine, Cochineal 

extract E 120 Orange to red, pink to red Female cochineal insect Chlorophyll grass E 140 Green to 

olive Lucerne and nettle; labile to photo-oxidation Chlorophyllins (copper complex of chlorophyll) E 

141 Bluish green Grass, lucerne, and nettle; not claimed as natural on food labels Caramel colours (I, 

II – sulfite, III – ammonia, IV – ammonia sulfite) E 150a-d Brown Food-grade carbohydrates 

Carbomedicinalis (vegetable carbon) E 153 Black Burned plant material Carotenes (mixtures 

including βcarotene), βcarotene E 160a Yellow to orange Palm oil or fermentation of Blakesleatrispora 

and Ashbyagossypi; good pH stability, oil-soluble, easily oxidized Bixin, Norbixin Annatto extracts 

E 160b Orange-red Seeds of annatto (Bixaorellana) Capsanthin, capsorubin, paprika, paprika oleoresin 

E 160c Reddish (Carmine) orange Paprika (Capsicum annum L.) Lycopene E 160d Orange red Tomato 

(Lycopersicumesculentum) β-Apo-8-carotenal E 160e Orangish red Semi-synthetic, from β-carotene 

Ethyl ester of βapo-8-carotenoic acid E 160f Orangish red Semi-synthetic, from β-carotene 

Canthaxanthin E 161a Orange and Salmon, shrimp; semi-synthetic from β 

Caramel: Caramel color (E 150) is a dark brown or even black substance that has been used 

for hundreds of years in home cooking to give foods color and certain smells.  

In the presence of food-grade acids, alkalis, or salts, caramel must be made from food-grade 

carbohydrates or their mixtures (sucrose, glucose, fructose, invert sugar, lactose, malt syrup, molasses, 

starch hydrolysates and fractions thereof, and/or polymer). The Food and Drug Administration (FDA) 

says that caramel is a dark brown liquid or solid that is made by carefully heating food-grade 

carbohydrates like dextrose, invert sugar, lactose, malt syrup, molasses, starch hydrolysates and 
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fractions thereof, and sucrose. The four types of caramel that FSSAI lists are: Type I: To make plain 

caramel, you heat carbs with or without acids, bases, or their salts. It is not used with ammonium or 

sulfite chemicals. Type II: Caustic sulphite caramel is made by cooking sugars with or without acids, 

bases, or their salts while sulphite compounds are present; ammonium compounds are not used. Type 

III: To make ammonia process caramel, you must heat sugars with or without acids, bases, or their 

salts while ammonium compounds are present; sulfites are not to be used. Type-IV: To make ammonia 

sulphite caramel, heat carbohydrates with or without acids, bases, or their salts while sulfite and 

ammonium chemicals are present. 

Carotenoids- Anthocyanin, paprika, and turmeric are the natural carotene extracts that are 

most often used in food. Aside from these, many other sources are also used, such as alfalfa, carrot, 

tomato, orange peel, and palm oil. Annatto [E 160(b)] is a natural orange-yellow color that can be 

dissolved in oil. It is taken from the outer layer of the seed of the Bixaorellana L. tree. The 

diapocarotenoid bixin is the main coloring agent in this extract. Other pigments, mostly breakdown 

products of bixin, are also present and are called transbixin, norbixin, and trans-norbixin. Bixin is a 

methyl ester of a dibasic fatty acid. When alkalis are added, it breaks down into norbixin, which is 

soluble in water. So, there are two kinds of annatto: an oil product that contains bixin and a powder 

that dissolves in water and contains norbixin. Color of annatto butter: The outside of the seeds are 

scraped off with vegetable oils (alone or in mixes) to make an anthocyanin extract in oil, which can 

be a solution or a suspension. If you use a lovibondtintometer with a 1 cm cell and measure the color 

of annatto solution in amyl acetate diluted to 1:1000 (m/v), you should get the following color: 

Minimum number of yellow units is 5, and minimum number of red units is 4.   

Annatto cheese colour: The top layer of the seeds is removed with an aqueous alkali (NaOH 

or KOH – 0.5 to 3.0%). This makes water-soluble annatto food color. In a 1-cm cell, the color of the 

solution in 0.1 N NaOH or KOH at a ratio of 1:1000 (m/v) must be at least 5.0 yellow units and 0.4 

red units.  

Paprika oleoresin [E 160(c)]: is an orange-red liquid that comes from sweet red peppers 

(Capsicum annum). β-carotene, capsanthin, and capsorubin as their dilaurate esters are the main 

chemicals that give plants their color. This extract can't be used in foods because it has taste and spicy 

components that make them unpleasant. There are about 0.05 to 0.2% carotenoids in raw, unrefined 

palm oil. The main ones are α- and β-carotenes, which are found in a 2:1:3 ratio. This substance is 

mostly used to add color to margarine.. 

 Saffron: There are water-soluble pigments called crocin and crocetin in it, along with 

zeaxanthin, β-carotene, and flavoring chemicals that are unique to the flowers of the Crocus sativus 

plant. This pigment is yellow, which looks good in drinks, cakes, and other baked goods. The high 

price of this colorant, on the other hand, makes it hard to use. Carrot juice (E 160a): You can also buy 

carrot oil, carrot extracts, and plant extracts that are similar on the market. β- and α-carotene have been 

found to be their main parts. 20% α-carotene and 80% β-carotene are found in pure crystalline goods. 

They can be used to color things that are made from fat, like dispersing microcrystals in oil. Different 

types of carotenoids, including β-carotene, β-apo-8′-carotenal, β-apo-8'-carotenoic acid ethyl ester, 

and canthaxanthin, are made so that they can be used as food colorings in fats and oils that people eat. 

There are also micro-emulsions of carotenoid pigments and surface active agents that can be used to 

color dishes that have a lot of water in them. 

Turmeric and Curcumin- Curcuma longa L. is an annual shrub whose dried ground rhizomes 

are used to make turmeric, a fragrant spice. Curcuma longa L has bright green leaves and yellow 

flowers that look like cones. The plant is fully grown after 7 to 10 months, at which point the rhizomes 

are removed. A bright yellow powder is made from the dried, ground rhizomes. This powder is also 
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called yellow ginger or Indian saffron. It is unique in that it can add both color and taste. Curcumin, 

demethoxycurcumin, and bisdemethoxycurcumin are the key chemicals that give food its color. 

Curcuma longa L. comes in three different forms that are sold in stores: turmeric powder, turmeric 

oleoresin, and curcumin powder. Curcumins are goods that you can buy that are mostly made up of 

curcumin (1,7-bis(4-hydroxy-methoxyphenyl)-1,6-heptadiene-3,5-dione), which makes up about 77% 

of all curcuminoids. Curcumin and turmeric don't mix with water, but they do mix with alkalis, 

alcohols, and glacial acetic acid. They are mostly used as food colors and spices secondarily. All of 

the pigments in turmeric are stable in heat, but they change color when exposed to light. Turmeric is 

mostly used as a spice to add a certain flavor and color, but it can also be added to foods to keep them 

fresh and make them taste better and last longer. Dried rhizomes are used to make turmeric powder. 8 

to 9 percent of the turmeric powder that has been standardized with maltodextrin is curcumin. Adding 

acids (such as gallic, citric, and gentisic) as stabilizers has made turmeric more stable in light and 

acidic environments. Solvent extraction is used to get the oleoresin from turmeric powder. Solvents 

like ethyl acetate, acetone, carbon dioxide, dichloromethane, n-butanol, methanol, ethanol, hexane, 

and mixes of these are used. Isopropanol and trichloroethylene is another good mixture. The solvents 

must be taken out of the oleoresin totally after it has been filtered. There are pigments, flavor molecules 

(volatile oils), resins, and fats in turmeric powder and turmeric oleoresin. Either one can be used to 

season food or add color to it. The turmeric oleoresin can be turned into curcumin powder (E 100) by 

freezing it. It looks like an orange-yellow solid powder and melts at 179 to 182oC. It doesn't mix with 

water but does mix with ethanol, propylene glycol, and acetone. At least 90% of the curcumin powder 

must be color. Turmeric powder is often added to curry powder and mustard paste to give them color 

and flavor. It is added to mayonnaise, the breading for fish and potato croquettes, and drinks that don't 

contain alcohol. Curcumin (E 100), on the other hand, is added to things that turmeric doesn't work 

well with, like cheese, butter, ice cream, and some drinks. It can also be used to color pickles, 

mayonnaise, mustard, salad sauces, oils, and cauliflower. Curcumin can be found in alcoholic drinks 

(quantum satis), jams, jellies, marmalades (100 mg/kg), sausages, pâtés (20 mg/kg), dried potato flakes 

and grains, non-alcoholic drinks, and sweets in the European Union (EU). There is a difference 

between curcumin powder (CI 73615) and turmeric powder (CI 73600). Curcumin powder was not 

approved by the FDA for use in foods. The oleoresin is used between 2 and 640 ppm, and the turmeric 

powder is used between 0.2 and 60 ppm. The acceptable daily dose (ADI) was set at 0 to 3 mg/kg 

body weight by the Joint Expert Committee on Food Additives (JECFA). Curcumin is a strong 

contender to take the place of the man-made tartrazine color. Chlorophyll, which is a plant pigment 

that makes things green, is removed and used to color many foods. Chlorophyll is found in chloroplasts 

in higher plants and algae that are not blue-green. It is on internal lamellae in blue-green algae and 

photosynthetic bacteria. Chlorophyll is held together in chloroplasts, which are parts of live plants, by 

hydrophobic membranes and polypeptides, phospholipids, and tocopherols. About 2.5 mg/g of total 

chlorophylls, 0.3 mg/g of xanthophylls, and 0.15 mg/g of carotene can be found in leaf material. 

Chlorophyll is found in many fruits before they are ripe, but it slowly disappears as the fruits ripen 

and is replaced by yellow and red carotenoids. Chlorophylls are made up of dihydroporphirin that has 

an Mg ion chelated to the middle of it. The green color is kept by Cu or Zn ions. Alfalfa (Medicago 

sativa) and nettles (Urtica dioica) are the main plants that are used to make chlorophyll for the food 

colorant market. Chlorophyll can be found in large amounts in brown seaweeds because they have 

chlorophyll c, which is more stable than chlorophyll a and chlorophyll b. As solvents for extraction, 

acetone, methanol, ethanol, and chlorinated liquids are used. When chlorophylls, pheophytins, and 

other breakdown products are added to the extraction yield, it is about 20%. Codex law allows 

chlorophylls to be added to food in a number of different ways. The chlorophylls that dissolve in oil 

and the chlorophyllins that dissolve in water are both stable in light and heat. The chlorophyllins are 

a semi-synthetic mixture of Na and Cu salts that are derived from chlorophyll. They are also 
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moderately stable in acidic and basic environments. As food colorings, they are used in candy, soups, 

canned goods, and dairy items. Anthocyanins are more than half of all higher plants have them, and 

many fruits and flowers get their red, violet, or blue color from them. The color of anthocyanins 

changes when the hydroxyl and methoxyl groups are switched around. When the number of hydroxyl 

groups goes up, the color starts to get deeper and bluer. Redness goes up as the number of methoxyl 

groups goes up. When metals are present, anthocyanins can change into lakes, which are slate-gray or 

purple-blue colors. Many different kinds of anthocyanidins can be found in nature. Some examples 

are cyaniding, peonidin (orange-red), Delphinidin, petunidin, and malvidin (bluish-red). Blackberry, 

Bilberry, Blackcurrant, Chokeberry, Cranberry, Strawberry, and Red grapes are some foods that are 

high in anthocyanins. Anthocyanins don't seem to be very stable in any product made from plants. 

Because of this, these dyes can't be used to color food. When the pH is less than 4, anthocyanin powder 

can be used to color food. Betalains:These are made up of yellow betaxanthin (λmax ~ 480 nm) and 

red-violet betacyanins (λmax ~ 540 nm). Betanin, which is a glucoside of betanidin, is the main 

betalain pigment in red beets. It makes up 75% to 95% of all the pigments in red beets. It is made up 

of isobetanin (a C15 epimer of betanin), prebetanin, and isoprebetanin. The last two are betanin and 

isobetanin sulfate monoesters, in that order. Vulgaxanthin I and II are the main yellow paints. There 

is a lot of betalain in beetroot—about 1% of the total solids—which makes it a good source of food 

coloring. pH and heat can change how stable the color of a betanin solution is. Betanin is stable 

between pH 4 and 6, but it is most thermostable between pH 4 and 5. Light and air can break down 

betanin. Beetroot red (E162) comes in two forms: liquid beetroot concentrate and beetroot concentrate 

powders. It can be used in meat and soy protein products, ice cream, and gelatin sweets because it 

doesn't go through a lot of heat treatment and has a short shelf life. It was suggested that red beet 

betalains, which are made up of betanin, isobetanin, prebetanin, and smaller amounts of vulgaxanthin 

I and vulgaxanthin II, could be used instead of synthetic colorants, especially in low-acid foods like 

meat and cheese. In the latter goods, red beet was even thought of as a possible alternative to nitrite 

for reddening, but it doesn't kill microbes like nitrite does. Another thing that happens is that adding 

red beets makes the food higher in nitrate, which can be a source of nitrite. Betalains have high molar 

extinction ratios, and they can color things just as well as man-made colorants. This is different from 

betalains, which are not poisonous or allergicgenic. Bioflavin Riboflavin (E 101) is a very bitter 

orange-yellow crystalline powder that dissolves very slightly in water and ethanol to form a bright 

green-yellow fluorescent solution. Riboflavin is steady in acidic environments but not in alkaline ones 

or when it is exposed to light. Reduction makes a leuco form that is colorless, but when it comes in 

touch with air, the color comes back. Riboflavin-5′-phosphate sodium salt dissolves much more easily 

in water than riboflavin that has not been esterified. It is also not as bitter. It is one of the kinds of 

vitamin B2 that the body can use. It doesn't hold up as well to light as riboflavin does. Both types can 

be used to color food and make it taste better, like in cereal, sauce, and cheese. 

3.11  Flavor 

Food flavorings and food colorings are similar words, but they mean different things. Flavor 

is naturally occurring and is made up of aromatic chemicals that are bio-synthesized during regular 

metabolic processes in plants and animals. These chemicals can be changed even more through 

processing. The complex effect that these aromatic parts have on our feelings of smell and taste is 

what gives food its own flavor. Spices, on the other hand, are made by people. They are made from 

aromatic chemicals that may or may not be found in nature, either naturally or artificially. The goal is 

to make the finished product more appealing by stimulating the nose and tongue, either by changing a 

flavor that is already there or hiding a flavor that isn't wanted. From the point of view of the flavor 

business, the International Organization of the Flavour business (IOFI) said that flavors are 

concentrated mixtures, with or without solvents or carriers that are used to add flavor leaving out only 
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salty, sweet, or acidic tastes. It's not meant to be eaten that way. As defined by the Council of Europe, 

flavoring is a material that mostly creates smells and might also change the taste. 

3.11.1. Functions of Flavors- 

Flavor's only job is to make something taste good, whether it's food, drink, smoke, or medicine. 

In this way, it serves many purposes. It is important to know what the taste is supposed to do so that 

the type that works best for that purpose can be given. There are three main types of functions that can 

be distinguished in flavor: physiological, psychological, and economic. A lot of taste apps can do 

things in all three groups, but some will focus more on one than the others. For instance, some uses 

are mainly for fun (psychological functions), like a hard-boiled egg versus flavored yogurt for 

breakfast. In these cases, the three functions—economic, bodily, and psychological—are used to 

different levels. 

3.11.2. Economic Functions- 

Some healthy and nutritious food mixes might not taste good, like beans and vitamins. It would 

be nice to have flavors that can change the way these healthy, cheap food dishes taste and make them 

more appealing. Another example of this is using flavor to make up for lost flavor during processing 

or to keep food fresh longer while it's being stored. One important idea that GivaudanRoure came up 

with is to "flavor the unflavoured," which is used to give boring foods like rice or cereal more flavor 

and variety.  

3.11.3. 

Physiological Function- Several studies on taste and how fats are digested suggest that taste 

may change how the body reacts to a fatty meal. Also, studies on taste and how the intestines absorb 

glucose suggest that stimulating the mouth can change how the intestines absorb glucose. However, 

study in this area is still very young.  

3.11.4. 

Psychological Functions- Some flavors are meant to make you feel good, but understanding 

how these tastes make you feel can really help you choose the right flavors. Today's popular flavors 

include dream types that don't always taste like a well-known food but rather a new mix of foods, 

giving them a new identity. Fruit drinks, candies, toffees, and other sweets are good examples of these. 

You can also use the idea of "flavor the flavored" to add variety and more pleasure to foods that don't 

usually need any extra flavoring. Putting tastes in coffee and tea is an example of this idea. 

3.11.5. 

Classification of Flavoring substances- The sources and standard methods used may change. 

Basic flavorings can be put into three groups: (1) Natural flavoring substances; (2) Artificial or 

synthetic flavoring substances; and (3) Other flavoring substances. The things that are used to make 

both artificial and natural tastes. 

3.11.6. Classification of Natural Flavors and synthetic flavors 

Natural flavors 

Flavoring substances naturally occur in plant and animal sources, but they need to be separated. 

One way to do this is through extraction or distillation, which separate specific substances from a 

natural mixture. The following are some of the different ways that natural tastes are extracted:  

1) A process of extracting something, like how hot water is used to get the flavor out of coffee

powder and alcohol or supercritical carbon dioxide is used to get the flavor out of vanilla
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leaves to make vanilla extract. 

2) Distillation is the process of heating plant or animal matter until it reaches a certain boiling

point. The steam is then gathered by cooling the mixture, for example to make natural citral

from lemon grass oil.

3) Biotechnological production method used when materials are not available in sufficient

amounts to make a taste substance or when the production process is too complicated and

costly.

3.11.7. Artificial / Synthetic flavoring- 

Although both are made by chemicals, there is a clear difference between naturally occurring 

and manufactured flavorings. But flavorings that are nature-identical have the same chemical structure 

as the natural thing that they are based on. When it comes to fake flavorings, this is not true. Since the 

new EC Flavoring Regulation went into effect on January 20, 2011, there is no way to tell the 

difference between natural and fake flavorings. Both groups of flavoring substances are now included 

in the category of "flavoring substances," and there is no longer any difference between them. 

Chemical methods are used to separate flavoring substances from raw materials, or they are made in 

a lab. For instance, vanillin, which is the main ingredient in vanilla nuts, can be made as either a natural 

or nature-identical flavoring. Nature-identical means that the chemicals that make up nature-identical 

flavorings are genetically identical to the chemicals that are found in natural goods. Something is only 

nature-identical if it can be found naturally in plant or animal raw materials. For instance, nature-

identical citral that is chemically made does not have a different molecular structure or smell or taste 

from natural citral that is distilled from lemon grass oil. The only things that are different are the ways 

they are made and the materials they come from. Artificial flavorings, on the other hand, don't exist in 

nature. Ethyl vanillin is a well-known chemical flavoring that smells and tastes like vanillin but has 

about three times as much flavor. 

3.11.8 Other flavoring categories 

It's not possible to describe flavoring preparations chemically because they are complicated 

mixtures whose make-up is determined by natural ingredients. The most well-known ones are yeast 

extract, spice and herb extracts, and fruit and veggie extracts. Natural flavoring ingredients come from 

plant, animal, or microbiological sources, and flavoring preparations do too. They are made using 

physical or biotechnological methods. Citrus, spice, and mint flavorings often have flavoring 

preparations as their main ingredient, which gives them their unique smell and taste. Essential oils, 

like clove and eucalyptus oil, are also in this group.  

3.11.9.Thermal process flavorings 

In the industrial world, thermal process flavorings are made by slowly heating different parts 

together, for example by a Maillard reaction. Like when you roast meat or bake bread, strong flavors 

form during the process. The flavoring only forms during the heating process. Amino acids and 

reducing sugars, like glucose, are needed for their formation.  

3.11.10.Smoke Flavorings 

Smoking is one of the oldest ways to add flavor to food and keep it fresh. Smoke flavorings 

are used to keep foods fresh and give them a unique smoke taste. They are used in fish and meat 

products, steak, sauces, and chips. To get fresh smoke, you can burn woods under control at 

temperatures as high as 600°C. This mostly happens when there is no air around, and charcoal often 

forms as a result. It makes smoke that is thicker, and for practical reasons, the main parts of the smoke 

can be mixed with things like cooking oil or table salt that act as carriers. More and more people 
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around the world are worried about food safety. People today want foods that are ready to eat, taste 

fresh, are high in nutrients and vitamins, and have been barely processed and stored. Preservatives are 

very important for keeping food fresh and making sure it lasts a long time. A preservative is any 

chemical that can stop microorganisms from growing or causing food to go bad. These chemicals are 

thought to work by interfering with the cell membrane, enzyme systems, and metal ion chelation 

processes. A good preservative would work against all microorganisms at low amounts, not be 

harmful, work well with other parts of the preparation, and stay stable for the preparation's shelf life. 

Chemical or natural preservatives can be used. In this lesson, we'll talk about the different chemicals 

that are used to keep foods fresh.  

3.11.11. Weak organic acids- 

Acetic acid, benzoic acid, lactic acid, propionic acid, and sorbic acid are all weak organic acids. 

These are organic compounds that don't break apart fully in water. There are some exceptions to these 

solubility rules when other substituents are present and change the polarity of the molecule, which in 

turn changes how well it dissolves. The preservative effect of organic acid involves making the cell 

cytoplasm more acidic by letting uncharged protonated acids diffuse along the membrane. This stops 

the membrane from working properly and also stops the transport of nutrients, which also helps the 

antimicrobial effect. 

3.11.12. Acetic acid- 

People usually pickle veggies with acetic acid, which comes in the form of vinegar. The 

antibacterial effect gets stronger when the pH is low. The calcium, potassium, and sodium salts in it 

are used in bread and other baked goods to keep them from getting tough and moldy. You can also use 

these acids to make ketchup and mayonnaise. The acid benzoic It is most often the sodium salt of 

benzoic acid that is used because it dissolves better than the free acid form. To make acidic foods like 

fruit juices, fizzy drinks, pickles, sauerkraut, and tomato sauces, it is used. The pH range of 2.5 to 4 is 

where it works best. It works better against bacteria and yeast.  

3.11.12. Lactic acid 

 Lactic acid is also used in many types of food, including drinks, baked goods, candy, meat, 

cheese, salads, dressings, ready-to-eat meals, and more. Potassium and sodium salts of lactic acid 

make it better at holding water and making food taste better. It works great to make many dairy 

products more acidic and to keep the acid level in juices and soft drinks in check.  

3.11.13. Propionic acid- 

 Propionic acid salts in sodium and calcium can kill molds and some germs. Having a three-

unit carbon compound structure means that bacteria can't break it down, which makes it toxic to them. 

It's used a lot in the food business.  

3.11.14. Sorbic acid 

Trans-trans unsaturated fatty acids are straight chains. Sorbic acid is one type. They work best 

when the pH is low. In food, it's mostly found in cheese, baked goods, fruit juices, salad dressings, 

tomato products, cottage cheese, wine, fizzy drinks, and pickles. Its antimicrobial trait comes from the 

fact that molds can't break down its conjugated unsaturated structure..  

3.11.15. Metalchelators 

Citric acid, which is an acid that occurs naturally, and the disodium and calcium salts of 

ethylenediamine-tetraacetic acid (EDTA) can be used as food enhancers. They both bind to metals and 

keep them from moving. Interfering with metal ions will stop cells from doing their jobs because they 
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are necessary for all cell systems. A lot of metalloenzymes need zinc, magnesium, or calcium, which 

are all needed for processing in cells. Metal ion chelation lowers the bioavailability of important 

metals. This also interferes with several important biochemical processes, and the cell loses 

homeostasis, which can lead to cell inactivation or even death.  

3.11.16 Citric acid 

Biscuits, jams, canned foods, alcoholic drinks, cheese, and dried soup all contain it. It keeps 

food from turning brown, boosts the antioxidant power of other substances, and keeps the pH level in 

jams and jellies stable. It is added to ice cream to keep the fats from separating, and it is added to 

caramel to keep the sugar from turning into crystals..  

3.12  Preservatives 

Any substance that stops or slows down the breakdown of food and drinks when added can be 

called a preserve. It might stop or slow changes in how something looks, smells, tastes, or is nutritious. 

Microorganisms like yeasts, bacteria, molds, and fungus can't get into foods and drinks or grow on 

them. A lot of different chemicals like sulfites, benzoates, propionates, and sorbates are used to process 

food. It mostly happens because there is less water available and more acidity. Less water availability, 

higher acidity, and changes in redox-potential are the main processes at work. A lot of these 

preservatives go after the walls of microbes and make them less viable.  

3.12.1. Preservatives are classified as Class I & Class II. 

 Class I preservatives come from natural sources and also improve the shelf life of foods. Some

examples of Class I preservatives are honey, vinegar, salt, sugar, spices, food oils, and so on.

 Classes II preservatives are made by chemically breaking down substances. In the processing

of fruits, sulfites, benzoates, propionates, and sorbates are used as class II preservatives.

3.12.2. Artificial/ Synthetic preservative 

Preservatives are either natural or synthetic agents incorporated into fruits, vegetables, 

processed foods, cosmetics, and pharmaceuticals to extend their shelf life and preserve their quality 

and safety by inhibiting fermentation, acidification, microbial contamination, and decomposition. 

Dehydrating food was a prevalent preservation technique, as the majority of bacteria and fungi 

necessitate moisture for proliferation. Foods including fruits, vegetables, and meats were frequently 

desiccated for preservation purposes. Jams and jellies are preserved through high sugar concentrations, 

while other meats (e.g., hams) and fish continue to be kept by salting. 

Benzoic acid 

The most benzoic acid and its sodium salt, sodium benzoate, that can be present is 0.1%. When 

it comes to keeping foods and drinks, benzoic acid and its sodium salt work best when the pH level is 

low (2.5 to 4.0). Molds are not as well killed by sodium benzoate as yeasts and bugs are. This 

preservative can't be used in as many foods because it only works at a small pH range. These keep 

fruit pulps, juice, and fizzy (0.03–0.05%) and non-carbonated (0.1% vs. 0.03–0.05%) drinks fresh. 

Benzoate works better against germs when mixed with sodium chloride, sugar, heat, carbon dioxide, 

and sulfur dioxide. 

Sorbic acid 

Sorbic acid is an antioxidant that is used all over the world. This is called lactic fermentation, 

and it can be stopped with sorbic acid and sorbate. Sorbates stop a lot of different yeasts, molds, and 

bacteria from growing, including most food-borne pathogenic germs. It depends on the pH level 
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whether sorbates are limiting or not. It takes very little sorbates to make fruit drinks (0.025 to 0.075%) 

and syrups for drinks (0.1%). People use potassium sorbate when they want something to dissolve 

easily. Sorbates are often found in both fizzy and non-carbonated drinks. 

Salts of sulphite, bisulphite and metabisulphite 

Sulfur dioxide is used a lot in the fermentation industries because it kills germs better than 

yeasts. Weak acids like tartaric, citric, and malic break down sulphite, bisulphite, and metabisulphite 

salts to make potassium salt and sulfur dioxide. When water is added to fruit juice or squash, the sulfur 

dioxide is released from potassium sulphurous acid. The sulphurous acid molecule that isn't broken 

apart stops yeasts from multiplying, and the sulphurous acid ion stops bacteria from growing. Glucose, 

aldehydes, ketones, pectin and pectin breakdown products, and other things found in plant juices mix 

with sulfur dioxide, which makes it less dangerous. Some naturally colored drinks, like phalsa, jamun, 

and pomegranate, can't be used with it.  

Nitrates and Nitrites 

The purpose of these additives is to cure meat goods. But sometimes it responds in a way that 

makes people urticarial, itchy, and allergic. When meat is cooked, sodium nitrite is added to stop 

botulism. But when the meat is exposed to high heat, it combines with the proteins and creates N-

nitrosamines, which are linked to several types of cancer, including liver cancer, intestinal cancer, and 

esophageal cancer. 

3.12.3. Natural preservatives: 

However, consumers are now demanding a complete replacement of chemically synthesized 

preservatives because they are harmful to health. This has made people more interested in developing 

more "natural" alternatives to extend the shelf life and safety of food. Over the past few decades, a lot 

of attention has been paid to spices and aromatic veggies, which are often used as food ingredients or 

to keep food fresh. Even though spices are mostly used to add flavor to foods and make them smell or 

taste better, it is well known that they also have antibacterial and antioxidant properties.  

Onion: There are many places to find this veggie, and it can be beneficial for you in many 

ways. Flavonoids can be found in large amounts in onions. Flavonols like quercetin and kaempferol 

make up most of them. They are usually found in glycosilated forms. So, onions have been suggested 

as a good source of natural preservatives that make food more stable and last longer while also making 

it healthier. There are thiosulfinates and other volatile organic chemicals in onions that make them 

antimicrobial. In addition to giving the onion its unique smell, taste, and laxative effect, these parts 

are also very interesting because they are antibacterial, antifungal, and antiviral. 

1. Oil: Oxidation is the process that occurs in food when it comes in touch with air. Food doesn't

get germs when oil is on it because it slows down the oxidation process.

2. Salt: Antimicrobial activity of salt comes from its ability to lower water activity, which in turn

affects the growth of microbes. It changes pH, creates an osmotic effect, and stops oxygen

from dissolving. Its sodium and chloride ions are also poisonous. Salt's ability to lower water

activity, which in turn affects the growth of microbes, makes it an antibiotic. It has an osmotic

effect, changes pH, and makes oxygen less soluble. Its sodium and chloride ions are also

poisonous.

3. Vitamine E: Is a common anti-oxidant found in cosmetics and medicines. It's mostly found in

sunflower, wheat germ, and safflower oils..

4. Sugar: Similar to salt, sugar keeps food fresh by soaking up extra water and stopping the

growth of microorganisms. As a result, jams, jellies, and other fruit products stay good even
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after the jar is opened. 

5. Grape fruit extract: Citrus seed extract, which is another name for this liquid, comes from

the seeds, pulp, and white membranes of grapefruit. It is a natural preservative from citrus

heaven that stops the growth of bacteria, viruses, fungi, and other microbes or kills them. This

broad-spectrum protection should be used with other ones for it to work. It can be used up to

1% of the way the recipe is written.

6. Cloves: There are natural ways to keep food fresh, and medicinal herbs are used to add taste

and seasoning to meat, fish, bread, and cakes. These plants come from an evergreen tree and

are used for medicine. They are in the Myrtaceae family. They can be used as an antibiotic,

expectorant, anesthetic, antihistamine, and emmenagogue. They can kill bacteria and work as

antimicrobials.

7. Cinnamon: The medicinal plant cinnamon has an essential oil that kills bacteria and fungi.

The bark, leaves, stems, flowers, and volatile oil are the key parts that are used as medicine.

It's so strong that the smell will make you feel cozy and warm. It is an old spice that has healing

qualities like smelling good, killing germs, making you feel full, stopping blood clots,

astringent, gas-busting, digestive, and muscle-relaxing. It is also used to treat uterine bleeding

and make people want to have sex.

3.13  Nanomaterial as food additives 

Nanomaterials (NM) are made up of things with at least one size between 1 and 100 nm. These 

materials are very small, which gives them some unique properties that make them good for use in 

food as additives, treatments, or packing materials. New functional properties include better visual 

clarity (when dimensions are less than 50 nm), better stability against aggregation and creaming, new 

textural properties, higher bioavailability, and targeted release properties. Some nanomaterials are 

made in a lab (like casein micelles), some come from nature (like nanocellulose or nanochitin), and 

some are made by processing things (like nanoemulsions). Depending on their forms, nanomaterials 

can be put into four groups: 0D, 1D, 2D, and 3D. Thin threads are one-dimensional, sheets are two-

dimensional, and bulk nanocomposites are three-dimensional. Nanoparticles (NPs) are the type of 

nanomaterial that is most often used in the food business. You can split nanoparticles into two main 

groups based on the materials they are made of: organic and inorganic nanoparticles. Proteins (like 

zein nanoparticles and casein micelles), carbs (like nanochitin and nanocellulose nanogels), 

phospholipids, or lipids (like liposomes) make up most organic nanoparticles. Metals or metal salts, 

like gold, copper, titanium dioxide, silicon dioxide, or zinc oxide, make up most inorganic 

nanoparticles. We are mostly interested in the behavior of inorganic nanoparticles because they can't 

be broken down in the human gut and may be taken from the fluids that are there. Food companies use 

a lot of different kinds of additives to make their products healthier, safer, last longer, and look better. 

Chemically made or naturally occurring parts can be put together to make food additives. A lot of 

research has been done on nanomaterials to see if they can make different types of food ingredients 

work better. These include flavorings, colorants, antioxidants, vitamins, antimicrobials, nutraceuticals, 

and antioxidants. Some of these nano-additives are already on the market and can be used in food. 

People are putting these nano-additives straight into foods as ingredients, treating foods or processing 

equipment with them as treatments, or adding them to packaging materials to make them more useful. 

EC Regulation No 258/97 about "novel foods" and "novel food ingredients" covers the use of 

nanotechnology in food production. This regulation covers foods that were not eaten in large amounts 

in the EU before May 1997. NM and nanotechnology will be talked about more specifically in the new 

regulation, which will cover "foods modified by new production methods such as nanotechnology and 

nano science and food or vitamins, minerals and other substances containing or consisting of 
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"engineered nano materials." Both new foods and food additives need to get a pre-market approval, 

which includes a safety review and authorization. Food chemicals that were on the market before 2009 

will be looked at again, and possible nano-specific data can be taken into account. This also includes 

some popular particulate food and feed additives that have been used for years, like pigments, anti-

caking/free-flow powders, and others (like silicon dioxide, titanium dioxide, iron oxide, or silver). 

Nanotechnology can help the food, feed, and agriculture industries come up with new uses by, for 

example, making it easier to give nutrients or making agrichemicals work better. It is believed that 

more applications will come up soon, which means that people may be exposed to nanomaterials in 

these ways. To get more up-to-date information, the European Food Safety Authority (EFSA) asked 

RIKILT and the Joint Research Centre (JRC) to make a list of all the ways that NM is currently used 

and could be used in agriculture, food production, and animal feed. They also looked at the rules that 

apply to NM in both EU and non-EU countries. By looking at the information records in the inventory, 

we can see that nano-encapsulates, silver, and titanium dioxide are the most common types of NM that 

are mentioned. Also, food additives and food contact materials are the most common types of 

applications. Comparing uses that are already on the market to those that are still being worked on 

shows a shift from inorganic materials (like silver) to organic materials (like nano-encapsulates and 

nanocomposites). Currently, most of the uses in new foods, feed additives, biocides, and insecticides 

are still in the planning stages. After looking at EU and non-EU laws, it was found that only a few EU 

laws define nanomaterials and include specific rules for them. In many non-EU countries, on the other 

hand, laws are more general and mostly based on advice for businesses. 

Curing agents- Curing salts have been used for a very long time and have been used to give 

foods like bacon and ham their basic color and taste. These additives keep meat fresh, give it the color 

and taste people want, stop microbes from growing, and stop the production of toxin. Nitrates and 

nitrites are often used to cure things. When nitrite is added to beef, it changes into nitric oxide and 

joins with myoglobin to make nitroslymyoglobin, a color that doesn't change when heated. Microbes 

like Clostridium and Streptococcus can't grow when nitrite is added. It also lowers the temperature 

needed to kill C. botulinum, which helps lower the risk of botulism. When nitric oxide comes into 

contact with ferredoxin enzyme in bacteria, it kills the cells because they can't make ATP and run out 

of energy. 

3.15 LET US SUM UP 

This unit discusses the specialized technologies used to process various animal-based food 

items, ensuring they reamin safe, nutritions, and suitable for consumption. It includes dairy processing 

(pasteurization, curdling, etc.), meat curing, poultry handling, and fish preservation. Convenience and 

ready-to-eat foods are also explained in the context of busy modern lifestyles. The unit introduces 

methods like mutual supplementation (e.g., combining plant and animal proteins), food fortification 

(adding nutients), and fermentation (to enhance digestibility and flavor). Student also learn about 

additives used to improve color, texture, and shelf life, and are introuce to nanotechnology’s role in 

improving food safety and delivery. 

3.14 Cheak Your Progress 

Sort Qiestions 

1. Name two common processing methods used for milk and milk products.

2. What is mutual supplementation in food processing?

3. Mention any commonly used food additives in the industry.
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4. What is the role of nanomaterials in food processing?

Long Questions 

1. Explain the different processing technologies used for animal-based foods like milk, eggs,

meat, poultry, and fish.

2. Describe the processes of enrichment, fortification, and mutual supplementation with suitable

examples.

3. Discuss the role of fermentation, malting, and germination in enhancing the nutritional quality

of foods.

4. Write a detailed not on the types ands funcions of food additives used for color, flavor, and

preservation, including the emerging use of nanomaterials.
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Unit-4   Quality in food processing 

4.0 Introduction 

4.1 Raw material Selection 

4.2 Finished Products 

4.3 Waste Management and sanitation in food industries 

4.4 Packaging  

4.5 Self-cooling  

4.6 Self-Heating  

4.7 Micro Packaging  

4.8 Antimicrobial packaging  

4.9 Water-soluble packaging 

4.10  Let us Sum up 

4.11 Check your progress 

4.0 Introduction 

Food safety includes every part of the food chain, from growing the food to eating it, or "farm 

to fork." Because of this, it is important to follow good hygiene practices when getting raw materials, 

transporting raw food, and storing raw food materials, especially in businesses. A long time ago, the 

idea of food safety wasn't taken so seriously. There was a difference between the research and 

development tasks because each team worked alone. The joint team checks to see if the material has 

any restrictions or might be too expensive to handle. They also decide if any extra steps need to be 

taken to make sure the safety of the workers and the product. 

4.1 Raw Material Selection 

Finished food items are built on raw materials, which include ingredients, processing aids, and 

packaging. So, they have to meet not only acceptable and standard requirements, but also legal and 

regulatory requirements, such as safety ones. The specifications must be written in a way that helps 

the process and result work well and be of good quality. The right raw materials must be chosen based 

on how they work. Functionality includes a lot of different needs that are based on the finished 

product's organoleptic qualities (taste, color, aroma, and texture), its safety qualities (to lower the pH 

or water activity), and its preservatives (to keep the color or flavor, for example, for longer), and its 

safety qualities. A business shouldn't accept any raw materials or ingredients that are known to have 

parasites, harmful bacteria, pesticides, veterinary drugs, or toxic, broken down, or extraneous 

substances that can't be reduced to a safe level by normal sorting and/or processing. When necessary, 

raw materials or ingredients should be checked out and put in the right order before they are processed. 

If needed, tests should be done in a lab to make sure it is fit for use. You should only use good, sound 

raw materials or ingredients. 

4.1.1  Raw Material Specifications- 

The main qualities of the raw materials must be written down along with all the necessary 
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details. If the Technical Data Sheet from the provider is this, it may be out of date. On a buy order, 

you should write down the exact name of the supplier and the item number for the material. It's a good 

idea to leave room for this data sheet to be changed as needed. For each lot, the maker should get a 

certificate of analysis (code). Each new lot should be tested according to a planned sampling method 

and checked to see if it meets the requirements. 

4.1.2 Flexibility in sourcing and cost- 

Are you looking for a common thing that you can get from more than one place? If so, compare 

the current specifications from different suppliers and let people bid and buy based on those 

comparisons. Can the range of acceptable features be widened so that more than one source can be 

used or a wider range of materials can be bought? For example, can the granulation size for materials 

that will be melted or dissolved be increased? Is it possible to buy a material with similar functions 

that costs less or causes fewer problems?  

4.1.3 Considerations in Selection- 

If a raw material with similar properties is already being used, it can be kept. Whether it's an 

agricultural item, a commodity item, or an item with a standard name, general specifications can be 

made and kept up to date that can be used by more than one supplier. The raw materials must be on 

the list of things that are generally recognized as safe (GRAS), which has been cleared by the country's 

food safety body. If genetically modified products are illegal to use, then they should not be used at 

all. The highest amounts that can be used depend on the food laws of both the country where the 

product is made and the country where it is sold or used. The raw material also has to meet the 

standards set by the company or the customer. For example, it has to be kosher, halal, organic, gluten-

free, and so on. It is possible to write down and keep track of specification needs.  

4.1.4 Raw Material Storage – Refrigerated and Non-Refrigerated- 

All raw materials should be: 

• Free from insect and rodent infestation

• Free of contamination from other sources, e.g. birds, moisture, mould etc

• Hose couplings, inside and outside the plant, should be adequately protected from rodents,

clean and in good repair

• Dust collectors or ventilation bags at the top of the bulk tank should be clean and insect-free

• If the system contains inspection ports, they should be free from contamination

a) The microbial load of all the food items like raw fruits and vegetables, liquid milk, meat,

eggs, flour, cereal grains etc. should be within the acceptable limits at receiving as well

as during their storage in the raw material store.

b) Depending on the nature of the food, adequate facilities should be available for storing

refrigerated or frozen foods, monitoring food temperatures, and controlling ambient

temperatures and humidity to ensure the microbiological safety and suitability of food.

c) In the case of grain storage, fumigation should be done at regular intervals to ensure the

absence of any microbiological and pest activity.

4.1.5 High-risk raw foods sourcing and storage- 

Foods like meat, fish, veggies, fruits, and milk and milk-based products go bad quickly. At the 

source, these things must not be contaminated, and they must then be kept at the right temperature, 
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humidity, and other conditions to keep them safe. When processing and cooking foods with these 

items, care must be taken to follow good hygiene practices. 

4.1.6 Inventory management- 

Effective stock change should happen with raw material and ingredient stocks. Controlling 

what comes in is the first step in avoiding health risks. If there aren't enough controls on arriving 

ingredients, the product could get contaminated or not processed enough. The level of control over 

items that come in is right for the risk. First in, first out is a rule that should be followed. The following 

tools should be used by the manufacturer to keep an eye on the ingredients that come in. The first three 

choices are for items that may be important and where more processing is not likely to get rid of a risk. 

For items that are not likely to change the safety of the food, the fourth choice is best. 

A. Periodic evaluation of incoming ingredients 

 B.  The manufacturer should have written specifications for ingredients 

 C.  purchasing specifications should include a provision for compliance with the food law. 

 D.  The manufacturer should maintain a documented history of adherence to specifications for each 

supplier, e.g. analytical results. 

4.1.7 Certificate of analysis 

A proof of analysis should be obtained by the manufacturer for each lot (code). At regular 

intervals, a sample that is statistically representative should be used to check the correctness of the 

certificates of analysis. A new history of following the rules should be made when a company moves 

suppliers, buys ingredients from a new supplier or a new ingredient from an existing supplier, or when 

spot checks don't match the certificate of analysis. 

4.1.8 Vendor certification- 

These minimum conditions should be met when the manufacturer counts on vendor 

certification: The maker should have written instructions on what ingredients to use. The manufacturer 

should have proof that they understand the vendor's process well enough. This could include process 

flow charts, on-site evaluations, specifications, control limits, monitoring programs and frequencies, 

corrective action, and verification procedures. The manufacturer should have data that shows the 

vendor's process can regularly make things that meet specifications. Before starting a regular 

monitoring program, the company should look at a good number of lots in a row to build a database 

of past data and make sure that requirements are being followed. • The manufacturer should check on 

a regular basis to make sure that the standards are being followed. • The company that makes the 

product should check the state of the vendor certification program by doing audits of the vendors.  

4.1.9 Occupational Safety and Health Administration (OSHA) 

OSHA Considerations – 

Handling dangerous materials like those that are poisonous, flammable, or irritating must be 

done safely, and the right equipment must be present. The people who work with food must know how 

to handle it safely.  

Product Safety Considerations- 

Literature is a good source of historical information about the raw materials. The company can 

use HACCP to look at the possible biological, chemical, and physical risks that come with the raw 

material (HACCP/HARPC review) along with related safety programs and steps to stop, eliminate, or 

lower those risks (physical, chemical, and biological). Any new steps that need to be taken on top of 

the current ones (like an allergen program and/or approval) can be added or changed. 
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Facility and Equipment Capabilities 

In order to handle the material, the company must have the right technology. The equipment 

shouldn't change the properties of the ingredient; it should be able to handle raw materials with certain 

particle sizes; it should also be well-designed so that it doesn't introduce process contaminants.  

4.1.10. Water as an ingredient 

When preparing food, only drinkable water should be used. The water should be clean enough 

to meet the rules. The maker or the city should test the water often enough to make sure it can be 

transported. Water that doesn't come from a city supply needs to be cleaned and checked to make sure 

it can be used anywhere. 

Ice and steam- 

Drinkable water should be used to make ice that is used as an ingredient or comes into direct 

touch with food. Also, any steam that comes in touch with food should be made from water that can 

be drunk. Different sources of clean water can be used for different things, like putting out fires, 

washing, and other things that don't have to do with food. Treatment and upkeep of water that is reused 

should be done so that it doesn't pose any risks to the safety and usefulness of food. The process of 

healing should be closely watched. Re-circulated water that hasn't been treated further can be used, as 

can water that has been used to process food by evaporation or drying, as long as it doesn't put the 

safety and suitability of the food at danger. Potable and non-potable water sources should not be linked 

to each other. All lines, faucets, and other similar things that could get dirty should be made so that 

they don't let water backflow or siphon off. 

Storage of water- 

If it's necessary to store water, the buildings that hold it should be planned, built, and kept in a 

way that keeps it from getting dirty. The potable water should have enough volume, temperature, and 

pressure to meet all operating and cleanup needs. If chemicals are used to treat water, the chemicals 

should not leave behind harmful residues. To get the right concentration and keep things clean, 

chemical cleaning should be watched and managed. Re-circulated water should be sent through a 

different system that is easy to spot. 

Packaging- 

When talking about packaging materials, like glass, polyethene (PET), polypropylene (PPE), 

and so on, the exact make-up of the material would be shown. The design and materials of the 

packaging should cover the goods well enough to keep them from getting contaminated, damaged, or 

mislabeled. Any gases or materials used for packaging must not be harmful to food and must not affect 

its safety or usefulness when stored and used in the right way. When it makes sense, reuse packaging 

should be strong enough to last and easy to clean and, if necessary, germ-free. When it makes sense, 

the maker should control the incoming packaging materials from the supplier in the same way that 

they control the incoming ingredients. 

Size and type of packaging- 

It depends on the type of food being packed, how much is being packed, how long it will be 

on the shelf, whether it will be used once or more, and what the customer wants. The package should 

have enough room for the labels that are needed by law. 

Following is the information required on packaged food- 

As required by labeling rules, the ingredients and materials are mentioned in decreasing order 

of how common they are. What the item is called and its general name 
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 The supplier’s item number

 Components or composition of the materials

 Information on the presence of regulated or customer-recognized food allergens.

 Organoleptic information (appearance, flavour, and aroma)

 Relevant physical, chemical, and microbiological information

 Shipping and storage information

 Shelf life

 Handling information

 Allergens if they are likely to be present

 Instructions for use

 Best before date

Management and supervision- The required level of management and control will depend on

the business's size, what it does, and the types of food it handles. Managers and supervisors should 

know enough about food hygiene principles and practices to be able to assess potential risks, take the 

right steps to avoid and fix problems, and make sure that monitoring and supervision are done well.  

Documentation and records- If needed, the right records of how the product was processed, 

made, and distributed should be kept for longer than the product's shelf life. Documentation can help 

people trust and believe in the food safety control system. Before the product is sent out to customers, 

important records like those that show that the heating process worked well and that a hermetic seal 

was achieved should be signed and dated by a qualified person chosen by management. All the other 

records should be looked over on a regular basis so that any problems can be found quickly and easily. 

Records should be kept for one year after the label or container's expiration date, or for two years after 

the date of sale if there is no expiration date. After that, records should be kept at the production plant 

and be easy to find.. 

Recall procedures- Food safety hazards should be dealt with properly by managers, and any 

tainted lots of finished food should be quickly and completely taken off the market. If a product is 

taken off the market because it poses a health risk, other products made in similar conditions should 

be checked for safety and may also need to be taken off the market. It is important to think about the 

need for public warnings. Each pre-packaged food should have permanent, readable code marks or lot 

numbers on it, as well as, if needed, expiration or "best before" dates. 

 Recall capability- Company that made the product should be able to quickly and accurately 

provide accurate information so that all affected goods can be quickly found and taken off the market. 

The maker can show this by doing the following: 

• A list of customer names, addresses, and phone numbers that can be used to test the deal

• There are records of production, inventory, and distribution by lot for the lot that was tried.

4.2  Finished product 

Verifying the product quality and consistency – 

There is a "positive release" test that each batch of food must pass before it leaves the plant to 

make sure it is safe to eat. Quality tests must be done to make sure that the product meets both internal 

and external standards. These tests must look for harmful chemicals or microorganisms in the materials 

used the work area, and the products themselves. If necessary, tests for allergens may need to be done.. 
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Analytical Information 

Food safety- The biological, chemical, or physical traits could be included in the parameters 

or limits. Pathogens like Salmonella and Listeria monocytogenes have limits on how much they can 

grow. Chemical: Heavy metal makeup, levels of fortification, levels of sulfite, and so on. Size and 

strange objects (like rocks, glass, metal, bones, etc.) 

 Functionality or quality- Parameters would include characteristics that can impact the 

functionality of the material or adversely impact your product. Biological – Microbiological limits for 

spoilage organisms or indicators of poor sanitation, including total plate count, yeast, mould, and 

coliform. Chemical – Characteristics such as concentration levels or purity. Physical – Characteristics 

such as viscosity, colour, granulation size, insect parts, crush strength, physical measurements, etc.  

Transportation-Additionally, this means making sure that cold or frozen goods are kept and 

moved at the right temperature. Again, the product specs determine the type of transportation and the 

amount of space that can be used. To make sure food stays safe while being transported, the following 

steps must be taken: Food needs to be kept safe from things that could make it dirty. 

 Avoid damaging food in a way that could make it unsafe to eat.

 Provide a climate that effectively stops the growth of pathogenic or spoilage microbes

 Toxicity in food is caused by microorganisms. If these things aren't taken care of while food is

being transported, it could get contaminated or not get to its target in a good enough state to

eat, even if hygiene controls were in place earlier in the food chain.

Container requirements 

Bulk containers and conveyers should be built and made so that they: 

- Do not contaminate foods or packaging 

- Can be effectively cleaned and disinfected 

- Permit effective separation of different foods or foods from non-food items during transport 

- Protect effectively from pollution, such as dust and fumes 

- Can keep food at any temperature, humidity, atmosphere, or other conditions that are needed 

to keep it from getting ruined by microbes that are dangerous or just plain bad for you.  

- Let any temperature, humidity, or other factors that need to be checked happen. • Ingredients 

that need to be kept cool should be carried at 4°C or less and should be watched carefully. 

Transporting frozen foods should happen at temperatures that don't let them thaw. 

Use and maintenance of containers. 

Food-transportation equipment and containers should be kept clean, in good repair, and in good 

shape. When the same vehicle or container is used to move different foods or non-foods, it should be 

cleaned and sanitized properly between loads. When carriers are delivered and before they are loaded, 

they should be checked by the manufacturer to make sure they are clean and ready to carry food. The 

company that makes the product should have a way to show that it can be cleaned and sanitized 

properly. As an example, bulk carriers should have a written process for cleaning and sanitizing. 

Carriers should be filled, arranged, and unloaded in a way that keeps the food from getting damaged 

or dirty. When the food business makes HACCP plans, they have to think about how to keep 

temperatures and contamination under control while foods are being shipped. 
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4.3 Waste management and sanitation in food industries 

Waste removal includes all the steps and processes that are needed to handle trash from the 

time it is created until it is thrown away for good. This includes picking up, transporting, treating, and 

getting rid of trash, as well as keeping an eye on and regulating the waste management process and 

the laws, technologies, and economic systems that deal with trash. There are different ways to get rid 

of and handle different types of waste, such as solid, liquid, and gas waste. garbage management takes 

care of all kinds of trash, such as biological, household, municipal, organic, biomedical, radioactive, 

and biological garbage. Waste can sometimes be bad for people's health. There are health risks 

involved in every step of the waste handling process. Taking care of solid trash can also cause health 

problems, either directly or indirectly. Drinking water, soil, and food can cause health problems 

indirectly. People make waste when they do things like extracting and preparing raw materials. The 

goal of garbage management is to lessen the damage that trash does to people's health, the 

environment, the planet's resources, and its appearance.  The goal of waste management is to lessen 

the damage that trash does to people and the earth. A lot of garbage management is about dealing with 

municipal solid waste, which comes from businesses, homes, and factories. It's not always the same 

how developed and emerging countries handle waste. It can also be different in urban and rural areas, 

as well as between residential and industrial areas. Managing trash properly is important for making 

towns that last and are pleasant to live in, but many developing countries and cities still find it hard to 

do. Effective waste management costs a lot, usually 20% to 50% of municipal budgets, according to a 

study. To run this important city service, you need integrated processes that work well, last a long 

time, and are backed by the community. Many of the tasks involved in managing garbage are related 

to municipal solid waste (MSW), which is the main type of trash that comes from homes, businesses, 

and factories. The Intergovernmental Panel on Climate Change (IPCC) says that by 2050, municipal 

solid waste will have reached about 3.4 Gt. However, policies and laws can help different cities and 

areas around the world create less waste. Managing waste includes making sure that the technological 

and economic parts of a cycle economy work together, that there are good places to dump trash, that 

exports and imports are controlled, and that products are designed in the most environmentally friendly 

way possible. The first systematic review of the scientific evidence on global waste, its management, 

and its effects on human health and life found that about a quarter of all municipal solid terrestrial 

waste is not collected and another quarter is mismanaged after collection, often being burned in open, 

uncontrolled fires. Together, these two groups of waste account for close to a billion tons per year. 

They also discovered that each of the broad focus areas does not have a "high-quality research base." 

This is partly because there is not "substantial research funding," which is what scientists need to be 

motivated to do research. Among the things that are considered electronic waste are old computer 

monitors, motherboards, cell phones and chargers, headphones, TVs, air conditioners, and freezers. 

The Global E-waste Monitor 2017 says that India makes about 2 million tons (Mt) of e-waste every 

year, which puts it fifth in the list of countries that make the most e-waste, following the US, China, 

Japan, and Germany.  

4.3.1 Waste hierarchy 

The "3 Rs" (Reduce, Reuse, and Recycle) make up the waste hierarchy. It sorts waste 

management methods by how waste-reducing they are. Almost all plans to reduce garbage are based 

on the waste hierarchy. The waste hierarchy is shown as a pyramid because the main idea behind it is 

that laws should encourage actions that stop people from making trash. The next step, or best thing to 

do, is to find other uses for the trash that was made, also known as "reusing." This includes burning, 

which is the next one. The next step is to recycle materials and turn waste into energy. Getting rid of 

it, either in a dump or by burning it without recovering any energy, is the last step. This is the last 

option for trash that hasn't been stopped, redirected, or recycled. The waste hierarchy shows how a 
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product or material moves through the different steps of the waste management pyramid. The last parts 

of each product's life cycle are shown by the order. 

4.3.2 Life-cycle of a product 

In the waste hierarchy, the steps of reduce, reuse, and recycle are all part of the life cycle. It 

starts with design and continues through production, distribution, and main use. At every stage of a 

product's life cycle, there are chances for policymakers to step in and change things so that the product 

isn't needed as much, is redesigned to waste less, or is used for longer. Product life-cycle analysis 

helps make the best use of the world's limited resources by stopping waste from being made that isn't 

needed. 

4.3.3 Resource efficiency 

People who care about resource efficiency know that current patterns of production and 

consumption can't support long-term economic growth and progress. People use more of the Earth's 

resources to make things than it can replenish. Resource efficiency means reducing the damage that 

making and using goods does to the world, from getting the raw materials to throwing them away after 

use.. 

4.3.4 Polluter-pays principle 

The polluter-pays concept says that the person or thing that causes the damage should pay for 

it. In terms of garbage management, this usually means that the person who makes the trash has to pay 

for the right way to get rid of the things that can't be recycled.  

4.3.5 Sanitation 

In this case, "public health" means things like clean drinking water and how to treat and get rid 

of garbage and human waste. Part of hygiene is keeping people from touching feces and washing your 

hands with soap. The goal of sanitation systems is to keep people healthy by keeping places clean so 

that diseases can't spread, especially through the feces-to-mouth method. For example, good hygiene 

can cut down on diarrhea, which is a major cause of children being malnourished and not growing 

properly. An easy way for many other diseases to spread in places with bad cleanliness is through 

contaminated water and food. These include cholera, hepatitis, schistosomiasis, trachoma, and 

ascariasis (an infection caused by intestinal worms or helminthiasis). There are many tools and 

methods for sanitation. Total sanitation led by the community, sanitation based on containers, 

ecological sanitation, emergency sanitation, environmental sanitation, local sanitation, and sustainable 

sanitation are some examples. A sanitation system collects, stores, transports, treats, and either gets 

rid of or reuses human trash and wastewater. The nutrients, water, energy, or organic matter in feces 

and wastewater may be the focus of reuse efforts in the sanitation system. The "sanitation value chain" 

or "sanitation economy" is the name for this. "Sanitation workers" are the people who clean, maintain, 

run, or empty a sanitation system at any point in the chain of sanitation.People use different "levels" 

of sanitation to measure the quality of sanitation services within or between countries. The Joint 

Monitoring Program came up with a sanitation ladder in 2016 that goes from "unimproved" (open 

defecation) to "managed" (indoor and outdoor cleanliness). The ladder starts at "unimproved" and goes 

up through "limited" and "basic" to "managed." This this is especially true for emerging countries. In 

2010, the UN General Assembly named the Human Right to Water and Sanitation a legal right. Goal 

6 of Sustainable growth is all about sanitation, which is an important part of global growth. JMP made 

an estimate in 2017 that 4.5 billion people do not have safe toilets right now. Lack of access to toilets 

affects not only public health but also people's safety and sense of worth.Sanitation usually means 

providing places and services for getting rid of human pee and feces in a safe way. "Sanitation" can 

also mean keeping things clean by providing services like trash gathering and wastewater disposal. It 
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includes all four of these technical and non-technical systems: systems for managing feces, systems 

for managing wastewater (which includes wastewater treatment plants), systems for managing solid 

waste, and systems for managing rainwater, which is also known as stormwater drainage. However, a 

lot of people in the WASH field only think of managing waste as sanitation. What else is covered by 

sanitation? The Sphere handbook "Humanitarian Charter and Minimum Standards in Humanitarian 

Response" gives an example. It talks about minimum standards in four "key response sectors" during 

humanitarian response situations. "Water Supply, Sanitation, and Hygiene Promotion" (WASH) is one 

of them. It covers promoting hygiene, water supply, managing waste and excreta, controlling vectors, 

managing solid waste, and WASH during disease outbreaks and in healthcare situations. 

A lot of people think that promoting hygiene is an important part of keeping things clean. The Water 

Supply and Sanitation Collaborative Council says that sanitation is "the collection, transport, 

treatment, disposal, or reuse of human excreta, solid waste, and domestic wastewater, as well as the 

promotion of hygiene in these areas." The words "sanitation" and "wastewater management" are often 

used together, even though "sanitation" includes "wastewater treatment." In the food industry, 

sanitation means properly treating surfaces that come into contact with food in a way that kills the 

vegetative cells of microorganisms that are harmful to public health and a lot of other microorganisms 

that aren't good for you, without hurting the food or making it less safe for consumers (U.S. Food and 

Drug Administration, Code of Federal Regulations, 21CFR110, USA). Companies that work with food 

in the United States are required to follow sanitation standard operating procedures. Japan also has 

rules about food sanitation that must be followed in order to keep food clean. "Sanitary equipment" in 

the food and biotech industries means equipment that can be fully cleaned using clean-in-place (CIP) 

and sterilization-in-place (SIP) methods; this means that it can drain all cleaning solutions and other 

liquids. There shouldn't be too many dead legs in the design, which are places where the movement 

during cleaning isn't strong enough to get rid of product deposits. Stainless Steel 316L, a metal with 

small amounts of molybdenum, is used to make most of this equipment so that it can be cleaned better. 

To make it harder for bacteria to stick, the surface is generally electro polished until it has an effective 

roughness of less than 0.5 micrometers.  

4.4  Packaging 

Packaging is the art, science, and technology of putting things in containers or covering them 

so they can be shipped, stored, sold, and used. Packaging can also mean the process of planning, 

testing, and making things. Packaging is the art, science, and technology of putting things in containers 

or covering them so they can be shipped, stored, sold, and used. For transporting large amounts of 

goods, corrugated or solid cardboard is used for smaller items, metal for liquids, and wood for big or 

heavy items. Cases and boxes made of wood are often used for weights over 220 pounds (100 kg). 

Below this weight, solid or corrugated fiber board is the most popular material. Sometimes, wooden 

pallets have been used instead of boxes. Plastic has also been used a lot as an impact absorber and, 

because it is strong and insulating, as a material for moving liquids and foods that go bad quickly. The 

cardboard box is the most common material used to package consumer goods because it is cheap, 

light, and easy to make, print, and store. There are a lot of different forms and sizes of cartons. Almost 

half of these dishes are used to hold food. Tin-plated steel cans are also mostly used to store food. 

There are cans with lids that can't be opened and closed and cans with lids that can be lifted and 

changed. Paints and varnishes, as well as tobacco, medical, and beauty items, are also stored in tin-

plate containers. Tin plates like these last a long time and are very resistant to damage from chemicals 

and tools. Aluminum, on the other hand, is lighter and easier to shape, but it reacts more easily with 

chemicals. Aluminum is used to make bottle caps and can lids that are easy to open. When liquids are 

sprayed out of aerosol (pressurized) containers, most of them are made from metal cans. High-

temperature furnaces and molding tools make it easy to make a lot of glass containers, and they can 
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also be used again and again. Glass containers last a long time, don't react with chemicals, and can be 

kept very clean. This makes them perfect for storing solid and liquid foods, drugs, and cosmetics. 

Polyvinyl chloride, polypropylene, polyethene, and polystyrene are all new materials for packaging 

that came from changes in the plastics business. Thermoforming and injection or blow molding are 

two common ways to make plastics into shapes like plates, bags, bottles, boxes, and clear film. They 

are great for pressure packages and containers of foods that need to be boiled or frozen because they 

are light, flexible, and good at keeping heat in. A lot of makeup, toiletries, and pharmaceuticals are 

stored in plastic tubes that can be folded up. Because of how the packaged goods are made, care must 

be taken when choosing and designing the containers. When moving fragile items, it's important to 

carefully consider how fragile they are, the possible risks of transport, and the cost and effectiveness 

of practical containers in order to get the best safety for the lowest cost. Different types of cases have 

also been made for things that are sensitive to chemicals, light, temperature, air, and moisture.  

4.5  Self-Cooling packaging 

Self-heating and self-cooling containers are known to heat or cool the contents of the container 

to a chosen temperature. A self-cooling container is given that can keep a drink cool without using 

outside refrigeration. The container cools itself through a endothermic chemical process. The cooling 

system is in a room inside the container, and it is easy and safe to use. Self-heating food packaging is 

active packaging that can heat the food inside without using power or external heat sources. This is 

usually done through a chemical process that releases heat. Packets can also cool themselves down. 

These packages can be used by the military, during natural disasters, or when regular cooking isn't 

possible. They are often used for military field meals, camping food, instant food, and other kinds of 

food that needs to be cooked in places where the right tools or methods aren't available or aren't ideal. 

4.6  Self – Heating 

Someone can put any item to be heated or cooled inside one type of self-heating/self-cooling 

container. There are some of these containers that were made to fit certain things, like standard-sized 

cans for food or drinks. For instance, U.S. Pat. No. 2,425,900 talks about a package that is easy to 

move around and can fit into any normal can that is the right size. There are many examples of flexible 

vessels that can heat or cool themselves in the books. An electrolytic solvent is used to turn on the 

exothermic chemical pad or powder in the idea shown in US Pat. No. 5,465,707. The chemical pad 

that gives off heat is inside an absorbent envelope, and the electrolytic fluid is inside a bag. A food 

pouch is also shown in the design. A heat-insulating outer barrier layer, an exothermic chemical pad, 

a bag holding an electrolytic solvent, and a food pouch are all described in U.S. Pat. No. 5,465,707. 

Attaching the solvent bag to a substrate material makes it rigid so that the tear-off filament pull-tab 

device or a way to tear the solvent bag can work properly. The package has to be in a certain way for 

it to work, and it can't be moved once it's been triggered because the activating liquid could leak out. 

To put it another way, this package does not stand alone. 

4.7  Micro-packaging 

Micro packaging is when nanomaterials like nano-coatings and films are combined to make a 

high-barrier packaging option that doesn't let light, air, or heat through. A microsystem is an extremely 

small electronic device that includes passive structures, sensors, actuators, and processing units to 

carry out activities and jobs. It is also made up of standard, very small inactive and active SMDs and/or 

bare chips (dice) that are used to do specific jobs (watch the technical presentation below, made by 

the MEMS Industry Group, that focuses on the basics of microsystems).  

The film points out the essential aspects of developing microsystems/MEMS, as follows: 
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1. What are MEMS? - Micro machines are very small machines that are almost invisible to the

human eye. Micro Electro Mechanical Systems are both a group of devices and a way of

making things. There are two main types of micro machines: sensors and actuators. Sensors

collect data from their surroundings, and actuators carry out commands or move in highly

controlled ways.

2. How MEMS are made? - Thin layers of materials are put down on a substrate and then

selectively etched away; - the electrical parts on a chip process data, and the mechanical parts

act on that data, making a complete system on a chip; - the IC part does the thinking in the

system, and the MEMS parts add active perception and control, making Micro Systems

Technology (MST) complete.

3. How do MEMS work? - There are two common examples in today's world: the MEMS

accelerometer in cars and the DMD chip in TVs, home theater systems, and video projectors.

The DMD is basically a light switch, and each of its many mirrors represents a dot or pixel in

the image that is being projected.

4. The future of MEMS - MEMS technology is used in many things and will continue to quietly

make life better. They work better, answer faster, and are more reliable.

The American term for a microsystem is MEMS, which stands for "micro-electromechanical

system." This term was first used in the US in the 1980s. There are sensors, actuators, and electronic 

circuitry inside the microsystem that handle the signals. This makes it a system. To put it simply, a 

microsystem is a chip or package that contains electronics, mechanical parts, sensors, and motors. 

Miniaturizing mechanical parts with micro-machining techniques that remove only certain parts has 

made it possible to build mechanical structures on a silicon base along with electronic devices. 

Microsystems are used in many areas today, such as in cars, factories, and even computer hard drives, 

which have sensors built into them to protect them from shock. Because mechanical sensors could be 

built into chips, small accelerometers, gyroscopes, pressure sensors, sensors with built-in RF, and 

other sensors could be made. Also, the technology now makes it possible to put more than one sensor 

on a chip. Three-axis accelerometers, which are part of the STMicroelectronics MEMS accelerometer 

family, may be one example. Microsystems are getting smaller and smaller these days, all the way 

down to the nanoscale. Now we'll talk about a new word: "nan system," which is also written as 

"NEMS." Nanotechnology, which is another name for NEMS technology, works at the atomic and 

molecular levels. One of the most interesting areas right now is molecular systems that self-assemble 

or copy each other. The field of electronic and electro-optical packaging is very complicated and 

involves a lot of different fields. It is always having to deal with new gadgets and uses. Almost every 

year, the levels of blending double. Integrated circuits use more power, need more inputs and outputs, 

work faster and faster, and can talk to each other not only by electrons but also by light. Clock speeds 

for dual- and quad-core computers are over 3 GHz, and in labs they are even faster. Circuit tracks, 

integrated light guides, and free-space optics are all used together in systems. Electronic and electro-

optical systems are getting smaller while also being able to do more. The small size and wireless 

connectivity of business electronics and electro-optics are what drive the market. 

Microelectronics, photonics, microsystems, RF, and wireless are just some of the basic technologies 

that are needed for all of these things. These features need to be planned, built, tried, cooled, and 

reliable before they can be added to systems. To put it another way, they need to be system-packed. 

The science of packaging microelectronics and microsystems is all about making links and making 

sure that mostly electrical (and sometimes electromechanical) circuits can work properly so that they 

can process and/or store data. Packaging comes in the form of new and original designs that cleverly 

meet what at first glance appear to be application needs and limits that can't be met together, such as 

those caused by natural laws and the qualities of materials and processes. Every application can be 
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summed up in three words: how well it works, how much it costs, and how reliable it is. From 

consumer systems to midrange systems to high-performance/reliability uses, packaging can cover a 

wide range of needs. There aren't any clear lines between the classes; there's just a slow shift away 

from optimizing parameters that control speed, which makes the cost go up. The next course on 

packing will give an overview of the main types of packages that will likely be used in microsystems 

technology as well as the problems that have always been a problem in the microelectronics field. 

Webster's Dictionary says that a package is a group of things that are put together in a box and sold as 

a whole. Microsystems kits can have a lot of different mechanical and electrical parts. For the outside 

world to be able to use these parts, they need to be able to talk to each other. A MEM die sawed from 

a chip is very fragile on its own and needs to be kept away from rough surfaces and mechanical 

damage. Electrical circuits need to be fed electricity in order to work. This electricity is then used up 

and changed into mechanical and heat energy. Because the system works best within a certain 

temperature range, the packaging must have a good way to get rid of heat (see the course on Thermal 

Management for more information). Technologies for making and packaging electronics have grown 

into a big part of the electronics business. The microsystems business is growing very quickly, which 

puts a lot of pressure on traditional college and vocational education. The "Packaging Technologies" 

course has to change its lessons so that students in colleges, trade schools, and businesses can learn 

how to properly package microsystems. It talks about the basic problems of system-level technologies, 

materials used in the electronics industry, and packaging for microsystems. It will also cover the basics 

of computer-aided design (CAD), modeling and simulation of different structures, and computational 

methods used in packaging technologies. In the last part of the course, students will learn about 

technologies for putting things together, soldering and how to make things solderable, environmentally 

friendly materials and technologies based on the RoHS and WEEE European Directives, and the basics 

of nanopackaging. In many of today's electronics markets, high-volume, low-cost electronic packaging 

methods are very important. Companies can create and make smaller, more complex products that are 

more competitive when they have control over electronic packaging technologies. Personal computers, 

cell phones, microwave ovens, supercomputers, GPS systems, car and space systems, and other things 

are some of these goods. With the creative coming together of semiconductors, packaging, and display 

technologies are also changing. These are second- and third-generation technologies that will have a 

bigger impact on how future goods are designed. Companies that are good at materials, tools, design, 

and advanced manufacturing will be able to make cheap electronic packages in the future.  

To introduce the "next-generation" products, the companies have had to push the development 

of a number of advanced technologies:  

● fine-pitch devices

● advanced flex circuit designs

● Cost-effective flip chip technology

● Cost-effective high-density printed circuit boards

● Cost-effective connector technology

● Advanced flat panel display technology

● Small passive components and integrated passive components

● Small, low-cost package assembly equipment

● High-speed pick and place equipment for ultra-small components

Permeability is a key part of packing. The packaging materials don't fully block out gases in the air, 

water vapor, or natural substances that are inside the product being packaged. Barrier packaging can 
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greatly lower the absorption, discharge, and diffusion of gases and liquids, which helps keep the 

quality of the product for longer. It also stops other molecules from getting in, like oxygen, pressurized 

liquid or gas, and water vapor, all of which are generally bad for keeping things fresh. 

In some situations, like when packaging fresh fruits and veggies, high barriers to migration or gas 

diffusion are not ideal because the shelf life of a product depends on having a steady supply of oxygen 

for cells to keep breathing. In the case of fizzy drink containers, on the other hand, it is best to use 

plastic that is resistant to both oxygen and carbon dioxide so that the contents of the container don't 

lose their carbonation. Because of these problems, the packaging business is looking for other methods 

that can work like barrier packaging to keep the quality of the product for longer. 

Barrier packaging has become a good market for micro packaging because it can provide a coating 

that is only a few nanometers thick but is enough to make an impenetrable layer without losing any 

freedom or adding any extra cost. Micro-packaging can help improve barrier qualities by mixing the 

package materials with other high-barrier materials in a variety of ways, such as by coating, 

laminating, blending polymers, or metalizing them. The quality and safety of packaged goods are 

improved by antimicrobial packing, which keeps the product's surface from getting contaminated. As 

a vapor, antimicrobial agents can be used, or they can be placed straight into the packaging. A new 

method called micro packaging, which was built on nanotechnology, has a huge potential to stop the 

growth of dangerous microbes. Micro packaging has antibacterial coatings that use silver nanoparticles 

to stop germs that could damage the product from growing. A lot of research and development is going 

on to find other antimicrobial materials that can make packaged goods safer. Some progress has been 

made in the direction of using antimicrobial packaging. For example, zinc oxide nanoparticles are 

becoming more antibacterial as their particle size decreases. Chitin, a natural substance found in the 

shells of crustaceans like crabs and shrimp, is also being developed. 

Micro packaging is a technology that is always getting better and has helped many businesses grow, 

such as the food and drink packaging industry. People in North America and Europe are very interested 

in nanotechnology because it can make goods last longer. Amcor Limited, Bemis Company, Inc., 

Avery Dennison Corporation, Bayer AG, and Tetra Pak International S.A. are some of the biggest 

companies in this field.  

4.8  Antimicrobial packaging 

Globalization of food trade and distribution from centralized processing, as well as the demand 

for "fresh" foods that are minimally processed, easy to prepare, and ready to eat, all face big problems 

for food safety and quality. Food-borne microbial outbreaks are making people look for new ways to 

stop the growth of microbes in foods while keeping their quality, safety, and freshness. One choice is 

to use packing to add an extra layer of quality and safety. Antimicrobial materials may be used in the 

next wave of food packaging. These packing technologies might help make foods last longer and lower 

the risk of pathogens getting into them. Antimicrobial polymers could also be useful in other situations 

where they come into touch with food. Antimicrobial food packaging stops or slows the growth of 

microorganisms that might be in the food being packed or in the packing itself. When fresh or slightly 

processed fruits and vegetables are packaged in antimicrobial packaging, antimicrobial substances are 

added to the system to delay or stop the growth of microbes and/or contaminations during transport, 

storage, and display after harvest. Antimicrobial packaging has been made in a number of different 

ways, such as by using antimicrobial sachets inside the packaging, packaging films and food coatings 

that contain active antimicrobial substances, and MAP, either by itself or in combination with another 

antimicrobial method. Even though some of these antimicrobial packaging systems do a good job of 

keeping the quality and microbial safety of fresh and minimally processed foods, more research and 

development is needed to make them even better. This includes finding better natural antimicrobial 

compounds, making the natural antimicrobials more stable in the packaging system, and making sure 
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that their commercial uses are safe. Plus, it's important to pick the best antimicrobial packaging 

methods for each type of food based on its nature, how it will be stored, how long it needs to stay 

fresh, and any rules that apply. 

4.8.1 Types of Antimicrobial Packaging 

Antimicrobial packaging can take several forms including: 

1. Addition of packets/pads containing volatile antimicrobial agents into packages.

2. Incorporation of volatile and non-volatile antimicrobial agents directly in the polymers itself.

3. Coating antimicrobials on the surface of polymers.

4. Immobilization of antimicrobials onto polymers by various linkages.

5. Use of polymers that have inherent antimicrobial properties.

4.8.2 Addition of packets/pads containing antimicrobial agents to packages 

Antimicrobial packaging that is loose or attached to the inside of a package has been the most 

popular way to use it in business. Most of the time, oxygen and moisture absorbers and ethanol vapor 

producers are used. To keep food from going bad and water from condensing, oxygen and moisture 

absorbers are mostly used in bakery, pasta, and meat packing. Even though oxygen filters might not 

be meant to kill germs, a lack of oxygen stops aerobes, especially molds, from growing. Moisture 

absorbers can lower aw, which can also have a secondary effect on the growth of microbes. The 

ethanol in ethanol vapour generators is sealed in polymer packets and carried in carriers. The ethanol 

gets through the selected barrier and is let out in the package's headspace. Because the ethanol 

produced isn't very much and only works on items with low water activity (aw<0.92), it has mostly 

been used to stop mold growth in baked goods and dried fish. Some commercial examples are Ethicap, 

which are heat-sealed packets that contain ethanol microencapsulated in silicon dioxide powder, and 

Fretek, which is a paper wafer with ethanol in acetic acid in the middle layer and polyethylene films 

on either side. An unpleasant taste that comes from booze is one of the problems. 

4.8.3 Incorporation of antimicrobial agents directly into polymers 

Bioactive agents, such as antimicrobials, have been added to polymers for use in the delivery 

of drugs and pesticides, as well as in home goods, textiles, surgical implants, and other biomedical 

devices. Over the past five years, there has been more than 100% more research on how to use 

antimicrobials in food packing. Antimicrobials that are GRAS, non-GRAS, or "natural" have been 

added to paper, thermoplastics, and thermosets, and they have been tried against different microbes, 

such as Listeria monocytogenes, pathogenic E. coli, and spoilage organisms like molds. In Japan and 

other places, silver-substituted zeolites are the most common polymer ingredients used in food to kill 

microbes. In zeolites, silver ions take the place of sodium ions, which are germ-killing against many 

types of bacteria and molds. At amounts of 1% to 3%, these changed zeolites are added to polymers 

such as nylon, polyethene, polypropylene, and butadiene styrene. Tiny living things can take in silver 

ions, which stop enzymes from working properly inside the cells. Zeomic, Apacider, AgIon, 

Bactekiller, and Novaron are all commercial examples of silver-substituted zeolites. There are other 

chemicals that might be useful, such as antibiotics, metals like copper, natural phenols like 

hydroquinones and catechins, fatty acid esters, antibacterial enzymes like lactoperoxidase and 

lactoferrin, and antimicrobial peptides like magainins, cecropins, and defensins.  

The idea behind using antimicrobials in the packaging is to stop surface growth in foods, which 

is where a lot of contamination and spoiling happens. For instance, whole meat from healthy animals 

is mostly clean, and most of the spoilage happens on the surface. This method can cut down on the 
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need to add large amounts of antimicrobials, which are generally mixed into the food's main part. It 

may be better for food than dipping or spraying if an antimicrobial slowly spreads from a packing film 

to the food's surface. In the second method, antimicrobial activity may be lost quickly because food 

components may inactivate the antimicrobials or the antimicrobials may be diluted below their active 

content by moving into the bulk food matrix. It is known that emulsifiers and fatty acids can combine 

with nisin and make it less effective as a bacteriocin.  Antimicrobials can be mixed into plastics either 

in the melt or by compounding them with a solvent. It is possible to use thermal polymer processing 

techniques like extrusion and injection molding with antimicrobials that don't change when heated. 

For instance, silver-substituted zeolites can handle very high temperatures (up to 800 °C), which is 

why they have been added as a thin layer along with other polymers during co-extrusion. When adding 

heat-sensitive antimicrobials like enzymes and volatile chemicals to polymers, solvent compounding 

might be a better way to do it. If the antimicrobial packaging materials are not volatile, they need to 

come into touch with the food's surface so the antimicrobial agents can spread to the surface. This is 

why surface properties and the speed of diffusion are important. The material has to keep releasing 

antimicrobials at a low rate so that the concentration on the surface is higher than a critical 

concentration that stops growth. Multilayer sheets (control layer, matrix layer, and barrier layer) have 

been suggested as a way to get the right controlled release to the food surface. The inner layer controls 

how fast the active substance moves through the package. The matrix layer holds the active substance, 

and the barrier layer stops it from moving to the outside of the package.  

4.8.4 Coating or adsorbing antimicrobials to polymer surfaces 

As antimicrobial packaging first came out, fungicides were mixed into waxes to protect fruits 

and veggies, and quaternary ammonium salts were added to shrink film to wrap potatoes. Sorbic acid 

was also used to coat wax paper and cellulose shells so they could be used to wrap sausages and 

cheeses. Antimicrobials that can't stand the high temperatures used in polymer processing are often 

added to cast films or sprayed on the material after it has been formed. Cast edible films, for instance, 

have been used to cover foods and products with antimicrobials and as coatings. Nisin/methylcellulose 

coatings for polyethene films and nisin/zein coatings for chicken are two examples. Having an 

amphiphilic shape makes proteins better at absorbing things. L. monocytogenes growth was stopped 

when nisin attached to silanized silica surfaces. Some other examples are nisin sticking to PE, EVA, 

PP, polyamide, PET, acrylics, and PVC; pediocin-containing milk powders sticking to cellulose cases 

and barrier bags; and nisin/EDTA/citric solutions being covered on PVC, nylon, and LLDPE films. 

Antimicrobial absorption can be improved by changing the solvents and/or polymer structures. When 

polyethylene-co-methacrylic acid films were treated with sodium hydroxide and swollen with acetone, 

they were better able to absorb and spread benzoic and sorbic acids than films that had not been treated. 

These films that had been handled with NaOH also stopped molds from growing the best. The reason 

for this is that the antimicrobials were absorbed better by the films that had been treated with NaOH 

because they were more neutral. Polyamide resins and other binders have also been used to make 

polyolefin surfaces and bacteriocins work better together. Polyvinyl alcohol, starch, and casein were 

used as glues to stick glucose oxidase to sheets of waterproof cloth.  

4.8.5 Immobilization of antimicrobials by ionic or covalent linkages to polymers 

Functional groups must be on both the antibiotic and the polymer for this type of 

immobilization to work. Peptides, enzymes, polyamines, and organic acids are all types of 

antimicrobials that have functional groups. EVA, EMA, Ionomer, Nylon, PVDC, and other plastics 

with functional groups are used to package food. For fixation to work, you may also need "spacer" 

molecules that connect the polymer surface to the bioactive agent. These molecules work like 

functional antimicrobials and polymer supports. The spacers give the active part of the agent enough 

room to move so it can touch germs on the food surface. Dextrans, polyethylene glycol, 
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ethylenediamine, and polyethyleneimine are spacers that are commonly used in foods and are not 

harmful, so they could be used for antimicrobial food wrapping. Antimicrobials can be slowly released 

into food because they are ionically bound to polymers. Diffusion to the product is less of a problem 

when the antibiotic is covalently bound to the polymer, unless there are conditions inside the product 

that cause reactions like hydrolysis. This could happen, for instance, when a food that is high in acid 

is heated up. It has been chemically immobilized that lysozyme and chitinase, which both work against 

Gram-positive bacteria, can't move. But there wasn't enough action for it to be useful for commercial 

packaging. Glucose oxidase speeds up the process between glucose and oxygen, which makes 

hydrogen peroxide, which kills microbes. Covalent bonds have been used to attach this enzyme to 

insoluble supports that might work with packing materials. Beta-galactosidase and glucose oxidase 

have been bound together to make hydrogen peroxide, which turns on lacto peroxidase in milk. 

Lactoferrin, sulfhydryl oxidase, and bile-salt stimulated lipase are some other antimicrobial enzymes 

that might be able to be covalently immobilized for use in packing. Adding substrates to the system 

and keeping track of the reactions' unwanted products is a big problem. As an example, glucose 

oxidase needs glucose as a source. This can come from food or be added from outside the body. 

Hydrogen peroxide and thiocyanate are needed by lactoperoxidase. These are usually found in milk 

but not in many other foods. In both cases, hydrogen peroxide can be dangerous if it gets into higher 

amounts than what is allowed.  

4.8.6 Use of inherently antimicrobial polymers 

The natural antimicrobial properties of some polymers have led to their use in films and coats. 

Cationic polymers, like chitosan and poly-L-lysine, help cells stick together by letting charged amines 

interact with negative charges on the cell membrane. This lets substances inside the cells leak out. 

Chitosan has been used as a coating, and it seems to keep fresh fruits and veggies from going bad 

because of fungi. Chitosan's antimicrobial effect is thought to come from its antifungal properties, but 

it's also possible that the chitosan keeps germs from getting to the nutrients in the food. Organic acids 

and spices have also been packed in antibacterial films made from chitosan. The wild flora and 

coliform inoculum on beef did not grow as well on calcium alginate films. This may be because 

calcium chloride was present. Acrylic polymers that kill bacteria and are made by co-polymerizing 

acrylic protonated amine co-monomers have been suggested as a way to package fruits and vegetables 

to make them last longer. As a way to make surfaces antimicrobial, changing the physical properties 

of plastics has been looked into. For instance, it has been stated that polyamide films that have been 

exposed to UV light can kill microbes. It's likely that the antimicrobial effect came from more amines 

being present on the film's surface. Positively charged amine groups on polymer surfaces may help 

cells stick to them, but they don't always kill them. It's possible that in the tests that were talked about, 

simple adsorption took place, hiding the fact that the layered polymer surface didn't kill germs. 

Researchers looked at nylon films that had been exposed to UV light and found that the amino groups 

on the surface killed bacteria. However, bacteria cells stuck to the surface and made the amine groups 

less effective. Most of the time, these studies are done in the gap. Adding nutrients might stop cell 

membrane damage and bacterial healing, or it might stop cells from sticking to the surface because of 

how salts and other cations interact with the surface. 

4.8.7 Mode of antimicrobial function in the package 

There are three main types of antimicrobial activities that can be achieved by adding 

antimicrobial agents to the packaging system or using antimicrobial polymeric materials. These are (i) 

release, (ii) absorption, and (iii) immobilization. The release type lets antimicrobial agents move into 

foods or the air space inside packages, which stops bacteria from growing. Antimicrobials can be a 

gas or a solution. The antibacterial system's absorption mode takes away important things for 

microorganisms to grow from food systems, stopping their growth. In this case, the oxygen-absorbing 
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device can stop mold from growing inside of packages. There are no antimicrobial agents released by 

immobilization devices. Instead, they stop microorganisms from growing on the contact surface. 

Although immobilization systems work better with liquid foods, they don't work as well with solid 

foods because the antimicrobial package doesn't have as much touch with the solid food.  

4.8.8 Applications for anti-bacterial packaging 

Intensive contact between the food product and the packing material is needed for both 

migrating and non-migrating antimicrobial materials. This means that vacuum or skin-packaged 

products, like meat, fish, poultry, or cheese that is vacuum-packed, are especially good candidates for 

food use. Up until now, only a few antimicrobial ways have been used as materials for food packaging. 

But as more study is done in the area, more systems are starting to look like they could be used in the 

real world. 

4.8.9 Meat products 

LDPE film has been coated with methyl cellulose as a carrier for nisin as the main subject of 

studies. These films have made it much less likely for Listeria monocytogenesin solutions and vacuum-

packed hot dogs to be present. It was also seen that chitosan could stop L. monocytogenes from 

growing and chlorine dioxide sachets could kill Salmonella on fresh chicken breasts that had been 

packed in a changed atmosphere. It was looked into whether antibacterial films that contain lactic acid 

or sodium lactate could be used to package raw chicken meat. It was possible to store chicken meat in 

lactic acid/sodium lactate-releasing films at 4°C for 7 days, and the films slowed down the growth of 

microbes by more than 2 log cycles. 

4.8.10 Fruits, Vegetables and Cereals 

Oranges that were coated with an emulsion that had an essential oil (like basil essential oil) or 

a volatile compound (like Citrus reticulata Blanco) in it lasted longer than oranges that weren't 

covered. When geraniol was added to oranges, blue mold decay was almost completely stopped. In 

order of how well they worked, mentha and basil essential oils were found to be other medicines. Basil 

oils can stop the growth of a fungus called A. flavus in corn kernels completely. The best amount to 

protect corn was 5% (v/v) with hexane as the solvent. Also, this oil did not have any phytotoxic effects 

on seed development or corn growth. You can keep fresh salad fresh by adding essential oils to the 

water used to wash the veggies, or you can use food packaging film that already has these oils in it. 

4.8.11 Dairy products 

Researchers looked at how polyethene films covered in industrial PVC lacquer with nisin (5% 

w/w) and/or natamycin (10% w/w) added affected the growth of certain bacteria, yeasts, and molds 

on the surface of soft cheese. The film that was treated with nisin and natamycin was put on cheese 

that had been kept at 4°C and 23°C for 23 days. The antimicrobial agents that were released slowed 

the growth of microorganisms on the surface of the cheese Blatackezlato by more than one log cycle. 

When used on milk, the antimicrobial package activated by nisin slows down the growth of microbes 

and lowers the highest amounts of growth in raw milk, pasteurized milk, and UHT milk. 

4.9  Water-soluble packaging 

The material used in water-soluble packaging is similar to plastic, but it dissolves completely 

in water, leaving behind no dangerous impurities. Based on how well the packaging material dissolves 

in water, water soluble packaging options are those that are biodegradable and dissolve in water. The 

groups are made based on their main uses, which are in the chemical, water treatment, and agriculture 

businesses. Using edible compounds like proteins, polysaccharides, lipids, and/or resins, as well as 

other edible parts drawn from a variety of renewable sources, is quickly making edible packaging 
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better. It's meant that these edible packing materials are eaten with the food they come in, so they 

naturally break down in composting and other biological recycling methods. Films, sheets, coatings, 

and pouches that can be eaten are common types of edible packing. Edible films (thickness 254 μm) 

are structures that are made separately from the food and then put on or between food parts or packed 

into edible pouches. Edible coatings, on the other hand, are thin layers of edible materials that are 

pressed directly onto the surface of food products. You could also say that soft-gel capsules, hard-gel 

capsules, tablet coatings, and microcapsules made from edible materials are all types of edible packing. 

This study is mostly about films, coatings, and pouches that can be eaten. The food and packaging 

industries are very interested in and doing a lot of advanced research on edible packaging. This is 

because consumers want safe, high-quality, convenient foods that last a long time, and because people 

are becoming more aware of the environmental impact of packaging waste and limited natural 

resources. People have thought about edible packaging materials as good alternatives for some uses 

because they have special qualities, such as the ability to protect foods with their barrier and 

mechanical properties, improve sensory qualities, control the release of active ingredients, and keep 

mass from moving between different parts of foods that aren't the same. 

But materials used for packaging food aren't usually meant to completely replace regular packing. 

Instead, you can make food last longer by putting it in primary edible packaging and secondary non-

edible packaging. The non-edible packaging will protect the food from the air and keep 

microorganisms and other unwanted particles from getting into it. If you use edible packaging, you 

can simplify your overall packaging needs by going from multilayer or multilevel packaging to a 

single-component package. This cuts down on waste and makes the simpler packaging system easier 

to recycle without sacrificing its protective functions. Materials that are used for food packaging can 

also be used for non-food packaging as an O2 or grease barrier layer to make multilayer packaging 

more secure and biodegradable. People want to use the unique benefits and flexibility of food 

packaging materials to make green, new packaging that will cut down on waste and/or make products 

more stable, safe, varied, and easy for customers to use. This essay talks about the latest progress made 

in biopolymer and lipid-based products used to package food. It talks about the functions, qualities, 

and possible uses of edible packaging. It also talks about the methods used to create edible packaging 

and gives in-depth explanations of how they can form films and the uses that go with them. The review 

will also talk about problems and chances for package materials that can be eaten.  

4.9.1 Barriers to Environment 

Most of the time, edible films and coats are used to keep food from losing too much mass to 

the air around it. When choosing or customizing edible materials for packaging, permeability is a key 

trait to look for. Because temperature and moisture levels can change biopolymer materials, the 

permeability of food packing needs to match how it will be used. In order to make accurate 

measurements of permeability, situations that a packaged product will be exposed to should be used.  

Moisture barrier: Edible packaging can stop final foods from losing moisture to the air. When 

the water activity (aw) of packed food changes, it can lead to bad microbe growth, changes in texture 

that aren't wanted, and chemical and enzymatic reactions that break down the food. We compare the 

water vapour permeability (WVP) values of films made from different types of edible packaging 

materials to standard plastic film. This shows how the test settings and film composition can change 

the results. In general, films made from hydrocolloids have a higher WVP than films made from edible 

fats and plastics. Because hydrophilic films are very polar, the WVP goes up when the relative 

humidity (RH) and plasticizer content are both high. Because of this, these films can only be used to 

stop the exchange of moisture for short amounts of time or in foods that don't have much moisture. 

Lipids and other hydrophobic compounds, on the other hand, are often used to make moisture barrier 

coatings or improve the moisture barrier qualities of hydrocolloid-based films. This is because they 
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don't react well with water, aren't polar, and have densely structured molecular matrixes. 

Oxygen barrier-Unsaturated fats and food ingredients oxidize, myoglobin in fresh meat cuts 

turns a different color, and enzymes turn fresh-cut fruit brown. Using edible packaging with low 

oxygen permeability (OP) protects the quality of foods that go bad quickly and extends their shelf life. 

This cuts down on the use of costly plastics that block oxygen that can't be recycled. Furthermore, the 

advanced creation of edible films with controlled gas permeability under certain storage conditions 

can change the atmosphere, slowing down the respiration rate of plant-based products and/or the 

production of ethylene in physiologically active climacteric produce while they are being stored and 

shipped. The OP ratings of some films made from biopolymers and films made from petroleum. There 

is a wide range of OP ratings in edible films. Hydrocolloid-based screens are usually very good at 

blocking gases, especially when the relative humidity (RH) is low. How the plasticizer and test settings 

changed OP. When the relative humidity is high, water absorbs into hydrocolloid-based films and 

hydrophilic EVOH films, making them more flexible. This makes the barrier properties worse. 

Aroma barrier: Barriers to volatile organic compounds are very important for keeping food 

from losing its normal volatile flavor or taste and for keeping outside off-flavors from getting into 

packaged food while it is being stored and shipped. Usually, the best barrier performance in packing 

is achieved when a compound that moves through it has a low affinity for film materials and a low 

diffusivity through the polymer matrix. Because they are hydrophilic, edible films made from proteins 

and polysaccharides are great at blocking nonpolar aroma molecules. As a result, sheets made of 

carbohydrate and protein emulsion have been suggested as a way to seal in flavor and smell. The goal 

of this technology is to keep the active ingredient or hydrophobic organic aroma molecule in a 

nonpolar lipid dispersed phase. The hydrophilic polymer matrix stops the aroma from escaping into 

the environment or oxidizing. Some researchers have come up with ways to measure the aroma 

permeability of edible films, even though it is harder and takes more time than measuring the wetness 

and gas transport. 

Oil barrier properties: Products that contain lipids can be protected from grease in edible 

packages. There isn't a lot of precise data on oil permeability for edible films, but the standard test 

method ASTM F119 for the rate of grease penetration of flexible barrier materials (ASTM 

International 2008) can be used. Protein and carbohydrate-based polymer films are naturally 

hydrophilic, which means they should be able to fight grease. For instance, it was shown that zein and 

whey protein are very good at resisting grease. 

Barrier to Mass Transfer during Food Processing: Eating coats might help make some food 

processing unit tasks more efficient and improve the quality of the food they make. Edible coatings 

made from hydrocolloid can be used to keep foods wet and stop them from absorbing fat when they 

are deep-fried. Putting edible coatings on food before osmotic dehydration can stop the loss of 

important water-soluble ingredients that would otherwise be lost as they dissolve in the dehydrating 

fluids or get into the food itself. To get the most out of selective dehydration, the food coatings you 

choose must have a high WVP but a low permeability to the dehydration agent and valuable 

ingredients. This function could also be used to help with other ways of preserving food, like keeping 

salt from getting into foods during the brine-freezing process and keeping flavors and smells from 

escaping during the freeze-drying process. 

4.9.2 Barrier to Mass Transfer between Components in Multi-domain Food Products 

Inter-component mass transfer in heterogeneous food affects how it tastes and how safe it is 

for microbes when it comes to packed foods. Adding food-grade humectants, which often cause big 

changes in taste and physiochemical properties, is the traditional way to stop water from moving 

between foods that are made up of more than one ingredient. Putting edible film between domains is 

UGHN-115/112



a new way to stop food parts with different amounts of aw, flavor, taste, and/or oil from migrating, 

which improves quality and extends shelf life. Additionally, covering food items with edible coatings 

can make it easier to package a variety of food items to meet consumer desire for variety. 

4.9.3 Carrier of Antimicrobials, Antioxidants, and Other Food Additives 

Edible packaging's ability to hold and control the release of active compounds is a potential 

active food packaging function that is getting a lot of attention from both the food and pharmaceutical 

industries right now. Food additives like antioxidants, antimicrobials, pigments, flavors, spices, salts, 

nutrients, and light absorbers can be added to formulations. Pharmaceutical or nutraceutical 

ingredients can also be added in the form of hard capsules, soft gel capsules, microcapsules, soluble 

films or strips, flexible pouches, or coatings. Depending on the application, certain controlled-release 

rates of active solutes are needed for them to do their jobs completely. One way to stop surface 

microbes from growing is to slow down the rate at which a protection moves. It is possible to keep the 

effective surface concentration of preservatives while lowering the total concentration needed by 

slowing the spread of preservatives from the food surface into the food bulk. Changing an edible film 

matrix in some ways, like cross-linking it, could be used to stop beneficial compounds from moving 

around. It is possible to plan a controlled rate of release of the active solute by looking at the chemical 

bonds between the active ingredient, the film-forming materials, and the food product, as well as the 

temperature, pH, aw, and time that the edible packaging holding the active ingredient would be 

exposed to.  

Figure 1. Structures of selected biodegradable polymers 

   Antimicrobial edible packaging is a hopeful idea that can be used on its own or in conjunction 

with other methods of preservation like refrigeration, modified atmosphere packaging, or irradiation 

to make the food more stable for microbes. The structures of compostable polymers were shown in 

Figure 1. A lot of work has gone into adding natural and artificial antioxidants and antimicrobials to 

different food film-forming materials. 

Biodegradable packaging: Bio-based and biodegradable food packaging materials are getting more 

attention because people are more aware of the damage that regular plastic materials do to the earth 

and want businesses to use more environmentally friendly methods. Biodegradable packaging is made 

to break down naturally and biologically and disappear after they've done their main job. We will talk 
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about the different kinds of biodegradable plastics in Table 3. The stuff breaks down into water, carbon 

dioxide, biomass, and methane during biodegradation, which is helped by bacteria that are already in 

the ground. Greenhouse gases like methane and carbon dioxide cause climate change, even though the 

solid matter that is left over might be good for the land. Bioplastic, according to the European 

Bioplastic Organization, is a type of plastic that comes from renewable materials like biomass, breaks 

down naturally, or has both of these qualities. Biopolymers used for food packaging come from both 

land and sea. They can be broken down into three groups: natural biopolymers, which are made from 

raw materials like cellulose, starch, chitosan, and polylactic acid (PLA); synthetic biopolymers, which 

are made chemically from bio-derived monomers; and microorganisms that make synthetic 

biopolymers. Microorganisms that make synthetic biopolymers.  

Table 3. Types of biodegradable polymers (Halley et al., 2005) 

Base polymer Advantages Disadvantages Potential applications 

Starch Lower cost 

Fast biodegradation 

Poor mechanical 

properties 

Hydrophillicity 

Foam Films and bags 

moulded items 

Polyhydroxyalkalonates 

(PHA) 

Rapid biodegradation 

Water soluble 

High costs Moulded items 

Cellulose and cellulose 

acetates 

High strength 

Water stable 

Difficult to process 

Very low 

biodegradability 

Composites fibre-board 

Fatty acid (triglyceride 

oil based) polymers 

High strength Brittle Low 

biodegradability 

Composites Adhesives 

Compatibilizers 

Lignin polymers High strength Brittle Low 

biodegradability 

Composites Adhesives 

Compatibilizers 

Protein polymers High strength Non-reproducible 

properties 

Films 

Polylactic acid (PLA) High strength Brittle Injection moulding  

fibers 

Biodegradable Natural Polymers: Natural polymers that break down over time come from 

biomass and other organic sources. In food packing, natural polymers are used to make things like 

polyesters and lipids that come from microbes, as well as proteins that come from plants or animals. 

Polysaccharide bags that dissolve in water are great at blocking oxygen and have been sold for years. 

Polysaccharide and protein-based films are both good at blocking gases, but not so good at blocking 

water vapor. They are also not very strong, which means they can't be used in a lot of different packing 

situations. 

Recycling and Reuse: Many food companies and businesses are switching from single-use 

plastic packaging to long-lasting, reusable packaging. For instance, Mars Wrigley has a program called 

"the ORBIT® Mega Pack" that has a plastic outer package that can be returned in most recycling 
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systems in the U.S. People can use these tips to find out how to reduce, reuse, and recycle in their local 

stores in the best way possible and then do it. Another example is M&M®'s Choco 300g pouch, which 

is made of only one type of plastic so that it can be easily recycled using the local method for collecting 

and sorting packaging waste. It is important to stress that recycling needs water, energy, and the ability 

to move things around. Most recovered plastics are cut up, melted down, and then used to make new 

things. Eventually, though, they end up in a landfill after their second life. The biggest problem with 

recycling and reusing packaging is that there isn't enough or any good infrastructure to gather, sort, 

and process different kinds of material. Most of the plastic used for wrapping is made from more than 

one kind of plastic. It is hard and expensive to sort and recycle these kinds of things. 

4.11  LET US SUM UP 

This unit focuses on the processes and protocols used to ensure food quality in manufacturing 

units. It explain how raw materials are selected and tested, how food is monitored during processing, 

and how the final product is evaluated. It emphasizes the importance of cleanlineness and hygiene in 

processing units to avoid contamination. Waste management methods are discussed to promote 

sustainability. The section on packaging introduces smart technologies like self-heating/self-cooling 

packs, micro and antimicrobial packaging, and eco-friendly water soluble packs that are changing 

thw way food is stored and delivered. Through this unit, students will gain a thorough understanding 

of quality assuracne, which is critical for public health and industrial success. 

4.10  Check your progress 

Short Questions 

1. What is the purpose of quality control in the food industry?

2. Name any two innovative packaging types used in modern food industries.

3. Why is sanitation important in food processing units?

4. What is antimicrobial packaging?

Long Questions 

1. Explain the importance of quality control in both raw materials and finished products in the

food industry.

2. Discuss waste management and sanitation practices commonly followed in food processing

industries.

3. Describe various advanced packaging technologies like self-cooling. Self-heating,

micropackaging, and water-soluble packaging with examples.

4. How does proper quality control and sanitation contribute to food safety and consumer health?

Check your progress exercise. 

1. What are the environmental impacts of poor waste management?

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………...

2. Discuss Anti-microbial packaging and its application in food industries.

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………

………………………………………………………………………………………
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3. Write short note

(a) Bio-degradable packaging

………………………………………………………………………………………………

………………………………………………………………………………………………

…………………………………………………………………………….. 

(b) Micro-packaging 

………………………………………………………………………………………………

………………………………………………………………………………………………

……………………………………………………………………………… 

(c) Water-soluble packaging 

………………………………………………………………………………………………

………………………………………………………………………………………………

……………………………………………………………………………… 
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