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 Q.1 What is food packaging. Explain about the functions of 
       packaging. 
Food packaging is packaging for food. A package provides protection, tampering resistance, 
and special physical, chemical, or biological needs. It may bear a nutrition facts label and other 
information about food being offered for sale 

Functions 

Packaging and package labeling have several objectives 

 Physical protection - The food enclosed in the package may require protection from, among 
other things, shock, vibration, compression, temperature, bacteria, etc. 

 Barrier protection - A barrier from oxygen, water vapor, dust, etc., is often 
required. Permeation is a critical factor in design. Some packages 
contain desiccants or oxygen absorbers to help extend shelf life. Modified atmospheres or 
controlled atmospheres are also maintained in some food packages. Keeping the contents 
clean, fresh, and safe for the intended shelf life is a primary function. 

 Containment or agglomeration - Small items are typically grouped together in one package 
to allow efficient handling. Liquids, powders, and granular materials need containment. 

 Information transmission - Packages and labels communicate how to use, 
transport, recycle, or dispose of the package or product. Some types of information 
are required by governments. 

 Marketing - The packaging and labels can be used by marketers to encourage potential 
buyers to purchase the product. Aesthetically pleasing and eye-appealing food presentations 
can encourage people to consider the contents. Package design has been an important and 
constantly evolving phenomenon for several decades. Marketing 
communications and graphic design are applied to the surface of the package and (in many 
cases) the point of sale display. 

 Security - Packaging can play an important role in reducing the security risks of shipment. 
Packages can be made with improved tamper resistance to deter tampering and also can 
have tamper-evident features to help indicate tampering. Packages can be engineered to help 
reduce the risks of package pilferage; some package constructions are more resistant to 
pilferage and some have pilfer-indicating seals. Packages may include authentication seals to 
help indicate that the package and contents are not counterfeit. Packages also can include 
anti-theft devices, such as dye packs, RFID tags, or electronic article surveillance tags, that 
can be activated or detected by devices at exit points and require specialized tools to 
deactivate. Using packaging in this way is a means of retail loss prevention. 

 Convenience - Packages can have features which add convenience in distribution, handling, 
stacking, display, sale, opening, reclosing, use, and reuse. 



 Portion control - Single-serving packaging has a precise amount of contents to control 
usage. Bulk commodities (such as salt) can be divided into packages that are a more suitable 
size for individual households. It also aids the control of inventory: selling sealed one-liter 
bottles of milk, rather than having people bring their own bottles to fill themselves. 

 
 
Q.2 Explain about the importance and scope of packaging of  
       Food. 

Scope and importance of food processing 

1.0 Introduction 

Indian agriculture is a way of life and it supports about 60 per cent of population for their 
livelihood and contributes 17% of GDP in India. Engineering inputs are vital for modernization 
of agriculture, agro-processing and rural living. It is needed for development and optimal 
utilization of natural resources, appropriate mechanism of unit operations of agriculture for 
increasing production, productivity with reduced unit cost of production for greater profitability, 
economic competitiveness and sustainability. Mechanism also imparts capacity to the farmers to 
carry out farm operation with dignity, with ease and freedom from drudgery, making the farming 
agreeable vocation for educated youth as well. It helps the farmers to achieve timeliness and 
precisely mater and apply costly input for better efficacy and efficiency, achieving higher 
productivity with reduced application of inputs. 

Agricultural produce and by-products are perishable in nature in varying degree and their 
perishability gets exploited on the market floor compelling distress sales orchestrated by factors 
of demand and supply, intervention of the faces of marketing in the absence of matching post-
harvest technology (PHT) and agro-processing infrastructure. Agricultural Engineering inputs 
are also needed to assure remunerative prices to the growers and a share in the value addition to 
the growers through on-farm PHT and value addition to their produce and by-products in order 
to strengthen their livelihood base landholdings are decreasing for their socio-economic 
sustenance and assure minimum standards of living. 

  

1.1  Food, Agriculture and Mechanization 

Food is the first and the foremost requirement of the people for their survival. It provides 
nutrients like proteins, carbohydrates, fats minerals and vitamins. It involves cultivation of field 
crops, horticulture, animal raising and aquaculture. Agriculture is practiced in two phases. 

i)  the production agriculture and the goal is to get maximum productivity and 

ii) post production agriculture where the major targets are prevention of loss and value addition. 
Agriculture is practiced for self and/or trade. 

1.2 Food Processing 



Food processing operations includes many methods that are used to add value to the raw food 
materials (including marine products, poultry and meat) which can be consumed by human 
beings or animals. Raw food materials are transformed into edible products processing and value 
addition. The operations involved in food processing are mainly classified into two groups, viz., 
primary processing and secondary processing. This provides employments to rural people 
including women and prevents capital drain from rural to urban areas and thereby helps in 
narrowing down the economic disparity between rural & urban population. 

Primary processing relates to conversion of raw agricultural produce, milk, meat and fish into a 
commodity that is fit for human consumption. It involves steps such as cleaning, grading, 
sorting, packing, etc. Secondary and tertiary processing industries usually deal with higher levels 
of processing where new or modified food products are manufactured. 

 1.3 Present status of Food Processing 

To meet the current demand of food materials, the industrial food processing sector has emerged. 
The food processing sector in the country is mainly handled by the unorganized sectors. About, 
42% of the output comes from the unorganized sector, 25% comes from the organized sector and 
the rest of it comes from the small scale players. The small-scale food processing sector is a 
major source of employment and adds value to crops by processing. It is a major source of food 
in the human diet. 

The small-scale food processing sector is, however, under increasing threat and competition from 
the large manufacturers who, through economies of scale and better presentation and marketing. 
Good packaging lies at the very heart of presentation and thus customer appeal. It is an area of 
vital importance for small and medium food manufacturers if they are going to continue to 
compete and expand. With food processing, it is possible to maintain a nutritious and safe food 
supply for the millions of people that inhabit both urban and rural areas.  Improvement in 
processing efficiency, by increased yield of usable product, is a tangible means of reducing food 
loss and increasing food supply. Demand for increased convenience of food preparation in the 
home, institution and restaurant has created a need from processing industries for food 
ingredients as well as new food forms.  

1.4 Importance of Food Processing 

All the raw food materials are processed to improve their palatability, nutritional value and shelf-
life. 

Foods are processed for five major reasons: 

1) preservation for later consumption or sale to fetch better price 

2) removal of inedible portions 

3) destruction or removal of harmful substances 

4) conversion to forms desired by the consumer and 

5) subdivision into food ingredients.  



Generally, the first - preservation for later consumption or sale – is the primary reason for food 
processing. 

Field crops, including grains, oilseeds, sugar crops and forages are major contributors of the 
nutrients required by man either through direct consumption of the seed kernel or isolated 
components as food, or through utilization of the plant and byproducts as feed in the production 
of meat, poultry, milk, eggs and fish.  Field crops also have major non-food uses.  However, in 
essentially all instances, harvested field crops must be processed in some manner prior to 
utilization as food or feed or in industry so as to reduce their post harvest losses. A nation-wise 
study on quantitative assessment of harvest and post harvest losses for 46 agricultural produces 
in 106 randomly selected districts was carried out by Central Institute of Post Harvest Institute 
(CIPHET) and found the results as given in Table 1.1. 

 Table 1.1 Per cent of losses estimated for major produces 

Cereals Pulses Oilseeds Fruits & Vegetables Milk Fisheries Meat Poultry 
3.9 – 6.0 4.3-6.1 6.0 5.8-18.0 0.8 2.9 2.3 3.7 

1.5 Scope of Food Processing 

India is the world's second largest producer of food next to China, and has the potential of being 
the biggest with the food and agricultural sector. The total food production in India is likely to 
double in the next ten years and there is an opportunity for large investments in food and food 
processing technologies, skills and equipment, especially in areas of Canning, Dairy and Food 
Processing, Packaging, Frozen Food/Refrigeration and Thermo-Processing. Fruits & Vegetables 
Processing, Fisheries, Milk & Milk Products, Meat & Poultry, Packaged/Convenience Foods, 
Alcoholic Beverages & Soft Drinks and Grain processing are important sub-sectors of the food 
processing industry. The consumer product groups like confectionery, chocolates and cocoa 
products, Soya-based products, mineral water, high protein foods, soft beverages, alcoholic and 
non-alcoholic fruit beverages, etc. along with the health food and health food supplements is 
another rapidly rising segment of this industry which is gaining vast popularity.  

India produces nearly 16% of the world’s total food grain production. It is one of the largest 
producers of agricultural produce. With a population expected to reach to about 590 million 
people by 2030 in urban India, India has a huge potential domestic demand for processed foods 
other than the demand from the exports. There are many socio-economic factors that are driving 
the demand side of the Indian Food Processing Industry. The changing consumption patterns, 
both in tier 1 and tier 2 cities, rising income levels among the middle-class and changing 
lifestyles, are some of the factors providing the demand side push for the Food Processing 
Industry. Moreover, the central government has given a priority status to all agro-processing 
businesses. 

Q.3 Explain types of packaging and packaging materials. 
Different types of packing materials 

Packaging Materials 
 



The most common packaging materials used by food manufacturers are plastic, aluminum and 
cardboard. 

Plastic is the material of choice for most frozen foods, perishable food items, snack foods like 
chips and pretzels, and a variety of bakery items. 

Aluminum is best for beverages like juices, soft drinks and beer, for canned perishable foods, 
and some baked goods. 

Cardboard packaging is used for both frozen and fresh foods along with dry goods like cereals, 
mixes and rices. 

Custom Display 
Plastic, cardboard and aluminum are all customizable to display logos, photos, ingredient lists, 
nutrition facts, and any other information the manufacturer wishes to convey. While some food 
types allow for flexibilty in packaging material, the material used is usually determined by the 
nature of the food itself. 

Plastic 
Plastic is a versatile food-packaging material. Often in the form of bags or containers, such as 
tupperware, plastic is used to hold dry good, frozen foods, snacks and dairy products, such as 
cheese. In bottle form, plastics are used for drinks, marinades, cooking oils, and condiments. 
Plastic trays are used for fresh or frozen meats and fish. 

Aluminum 
Aluminum packaging 

Aluminum is a common metal that is: easily made, inexpensive and environment friendly; it's 
made of recycled materials and can be recycled over and over. Aluminum food packaging stores 
food safely for extended periods. It is perfect for storing canned goods, such as meats, 
vegetables, beans and even fruit It can be used to insulate plastic bags, as well as cover food for 
refrigeration. 

Cardboard 
Cardboard Boxes 

Carboard comes in many shapes and sizes. It can be used to house most food items, including: 
seasonings, nuts, snack products, candies, cocoa powders, spices, some cooking fats, dairy 
products, and frozen foods. Cardboard is light in weight, reasonably sturdy, and ecologically 
favorable; as cardboard is composed of wood pulp, a renewable resource. 

Other types of packaging 
Wooden barrels 



Wood in the form of barrels, is an old school method of packaging for liquid products like wine, 
cooking oils, juices, and beer. Flavor compounds from the wood can improve the taste and 
quality of the product they're containing. 

Glass, although being used less frquently nowadays, has advantages over other materials. It is 
still commonly used for beer, juices, jams, jellies, and pickles. 

Paper still finds use as a packaging material for sacks of flour, sugar, and some fruits and 
vegetables. 

 
Q.4 Explain spoilage mechanism during storage in brief. 

Spoilage mechanism during storage 

2. Introduction 

The nature of the deteriorative reactions in foods and the factors that control the rates of these 
reactions will be briefly outlined. Deteriorative reactions can be enzymic, chemical, physical, 
and biological. Biochemical, chemical, physical, and biological changes occur in foods during 
processing and storage, and these combine to affect food quality. The most important quality-
related changes are as follows: 

 Chemical reactions, mainly due to either oxidation or nonenzymic browning reactions. 
 Microbial reactions, microorganisms can grow in foods. In the case of fermentation this 

is desired; otherwise, microbial growth will lead to spoilage and, in the case of 
pathogens, to unsafe food. 

 Biochemical reactions, many foods contain endogenous enzymes that can potentially 
catalyze reactions leading to quality loss (enzymic browning, lipolysis, proteolysis, and 
more). In the case of fermentation, enzymes can be exploited to improve quality. 

 Physical reactions, many foods are heterogeneous and contain particles. These    particles 
are unstable, and phenomena such as coalescence, aggregation, and sedimentation usually 
lead to quality loss. 

The interactions of intrinsic and extrinsic factors affect the likelihood of the occurrence of 
reactions or processes that affect shelf life. These shelf life limiting reactions or processes can be 
classified as: chemical/biochemical, microbiological and physical. The effects of these factors 
are not always detrimental and in some instances they are essential for the development of the 
desired characteristics of a product. 

  

Table: 2.1 

Example Type Consequences 
Nonenzymic 
browning 

Chemical reaction (Maillard 
reaction) 

Color, taste and aroma, nutritive value, formation 
of toxicologically suspect compounds (acrylamide) 

Fat oxidation Chemical reaction Loss of essential fatty acids, rancid flavor, 
formation of toxicologically suspect compounds 



Fat oxidation Biochemical reaction 
(lipoxygenase) 

Off-flavors, mainly due to formation of aldehydes 
and ketones 

Hydrolysis Chemical reaction Changes in flavor, vitamin content 

Lipolysis Biochemical reaction 
(lipase) 

Formation of free fatty acids and 

peptides, bitter taste 

Proteolysis Biochemical reaction 
(proteases) 

Formation of amino acids and peptides, bitter taste, 
flavor compounds, changes in texture 

Enzymic 
browning 

Biochemical reaction of 
polyphenols Browning 

Separation Physical reaction Sedimentation, creaming 

Gelation Combination of chemical 
and physical reaction Gel formation, texture changes 

  

2.2. Chemical/biochemical processes 

Many important deteriorative changes can occur as a result of reactions between components 
within the food, or between components of the food and the environment. Chemical reactions 
will proceed if reactants are available and if the activation energy threshold of the reaction is 
exceeded. The rate of reaction is dependent on the concentration of reactants and on the 
temperature and/or other energy, e.g. light induced reactions. A general assumption is that for 
every 10°C rise in temperature, the rate of reaction doubles. Specialized proteins called enzymes 
catalyse biochemical reactions. 

2.3. Oxidation 

A number of chemical components of food react with oxygen affecting the colour, flavor, 
nutritional status and occasionally the physical characteristics of foods. In some cases, the effects 
are deleterious and limit shelf life, in others they are essential to achieve the desired product 
characteristics. Packaging is used to exclude, control or contain oxygen at the level most suited 
for a particular product. Foods differ in their avidity for oxygen, i.e. the amount that they take up, 
and their sensitivity to oxygen, i.e. the amount that results in quality changes. Estimates of the 
maximum oxygen tolerance of foods are useful to determine the oxygen permeability of 
packaging materials required to meet a desired shelf life. 

Foods containing a high percentage of fats, particularly unsaturated fats, are susceptible to 
oxidative rancidity and changes in flavor. Saturated fatty acids oxidize slowly compared with 
unsaturated fatty acids. Antioxidants that occur naturally or are added, either slow the rate of, or 
increase the lag time to, the onset of rancidity. Three different chemical routes can initiate the 
oxidation of fatty acids: the formation of free radicals in the presence of metal ion catalysts such 
as iron, or heat, or light – termed the classical free radical route; photooxidation in which photo-
sensitisers such as chlorophyll or myoglobin affect the energetic state of oxygen; or an enzymic 
route catalyzed by lipoxygenase. 

In milk chocolate, the presence of tocopherol (vitamin E), a natural antioxidant in cocoa liquor 
provides a high degree of protection against rancidity. However, white chocolate does not have 



the antioxidant protection of cocoa liquor and so is prone to oxidative rancidity, particularly light 
induced. In snack products and particularly nuts the onset of rancidity is the shelf life limiting 
factor. Such sensitive products are often packed gas flushed to remove oxygen and packed with 
100% nitrogen to protect against oxidation and provide a cushion to protect against physical 
damage. 

Oxidation of lycopene, a red/orange carotenoid pigment in tomatoes, causes an adverse colour 
change from red to brown and affects flavor. In canned tomato products this can be minimized 
by using plain unlacquered cans. The purpose of the tin coating is to provide protection of the 
underlying steel, but it also provides a chemically reducing environment within the can. 

Tomato ketchup used to suffer from black neck – the top of the ketchup in contact with oxygen 
in the headspace turned black. To disguise this, a label was placed around the neck of the bottle, 
hiding the discoloration. It has since been shown that oxidation depends on the level of iron in 
the ketchup and blackening has now been prevented. 

2.4. Enzyme activity 

Fruits and vegetables are living commodities and their rate of respiration affects shelf life – 
generally the greater the rate of respiration, the shorter the shelf life. Immature products such as 
peas and beans have much higher respiration rates and shorter shelf life than products that are 
mature storage organs such as potatoes and onions. Respiration is the metabolic process whereby 
sugars and oxygen are converted to more usable sources of energy for living cells. Highly 
organized and controlled biochemical pathways promote this metabolic process. In non-storage 
tissues where there are few reserves, such as lettuce and spinach, or immature flower crops such 
as broccoli, this effect is even greater. Use of temperature control reduces the respiration rate, 
extending the life of the product. Temperature control combined with MAP further suppresses 
the growth of yeasts, moulds and bacteria, extending shelf life further. 

All plants produce ethylene to differing degrees and some parts of plants produce more than 
others. The effect of ethylene is commodity dependent but also dependent on temperature, 
exposure time and concentration.  

 2.5.  Microbiological processes 

Under suitable conditions, most microorganisms will grow or multiply. During growth in foods, 
microorganisms will consume nutrients from the food and produce metabolic by-products such 
as gases or acids. They may release extra-cellular enzymes (e.g. amylases, lipases, proteases) that 
affect the texture, flavor, odor and appearance of the product. Some of these enzymes will 
continue to exist after the death of the microorganisms that produced them, continuing to cause 
product spoilage. In canning, low acid foods are filled into containers that are hermetically sealed 
and sterilized, typically at 115.5–1210C or above, to ensure all pathogens, especially Clostridium 
botulinum, are destroyed. Low temperatures might inhibit the growth of an organism and affects 
its rate of growth. Some microorganisms are adapted to grow at chill temperatures, hence the 
composition of organisms in the natural microflora will change. 

 2.6. Physical and physico-chemical processes 



Many packaging functions such as protection of the product from environmental factors and 
contamination such as dust and dirt, dehydration and rehydration, insect and rodent infestation, 
containment of the product to avoid leakage and spillage, and physical protection action against 
hazards during storage and distribution are taken for granted by the consumer. Packaging is very 
often the key factor to limiting the effects of physical damage on product shelf life. Different 
forms of this process is 

  

 Physical damage 
 Insect damage 
 Moisture changes 
 Barrier to odor pick-up 

 2.7. Migration from packaging to foods 

The direct contact between food and packaging materials provides the potential for migration. 
Additive migration describes the physico-chemical migration of molecular species and ions from 
the packaging into food. Such interactions can be used to the advantage of the manufacturer and 
consumer in active and intelligent packaging, but they also have the potential to reduce the safety 
and quality of the product, thereby limiting product shelf life.  

 
Q.5 Explain about the environmental condition favoring 
       microbial growth. 
Factors That Affect the Growth of Microorganisms 

Microorganisms are similar to more complex organisms in that they need a variety of materials 
from their environment to function and accomplish two primary goals--supply enough energy to 
manage their processes and extract building blocks to repair themselves or procreate. In addition 
to what they take in, microorganisms also thrive in particular environments. These environments 
vary as much as the organisms do themselves, and even the amount and distribution of elements 
in any particular environment can be very important. Scientists use this information to grow 
microorganisms in laboratories for experimentation. 

Nutrients 

All microorganisms need food. The food sources can vary, but the organisms primarily 
extract carbon and nitrogen from substances such as proteins, fats and carbohydrates. 
Some microorganisms seek out and absorb such particles. Others may perform 
chemical reactions with surrounding elements such as carbon dioxide to gain what they 
need, while still others can produce their own simple sugars through photosynthesis 
similar to plants. Nitrogen, which is used to synthesize proteins, can be taken from the 
surrounding atmosphere or from other organic matter. 



Temperature 

In general, the higher the temperature, the more easily microorganisms can grow up to 
a certain point. Very high and very low temperatures both obstruct the enzyme 
processes microorganisms depend on to survive, but individual species of 
microorganisms have grown to prefer different levels of temperature. Scientists usually 
divide them into three different groups: psychrophiles, mesophiles and thermophiles. 
Psychrophiles prefer temperatures from 0 to 5 degrees Celsius; mesophiles like it in the 
middle, 20-45 degrees Celsius; and thermophiles like it hot, thriving in temperatures 
around or above 55 degrees. 

pH Levels 

Microorganisms also prefer a certain pH level in the substance or environment in which 
they grow--that is, they prefer to have particular acidic qualities in their surroundings. 
Most microorganisms, including most human pathogens, are neutriphils, organisms that 
prefer a neutral pH level. Some like high pH levels, but most often, if conditions are too 
acidic, then the organism's enzymes break down.. 

Moisture 

The free flow of water is vital to microorganisms for their cells to exchange materials 
and for their metabolic processes. All microorganisms require some level of water, but a 
few can survive in low-moisture conditions by conserving all the water they find and by 
staying in a moisture-rich environment. As a general rule, though, the more moisture, 
the more microorganisms there will be found. 

Elements Present 

In addition to water, microorganisms usually require the presence of certain elements in 
the air--gases that they absorb to produce needed nutrients. Nitrogen is one necessary 
element, as is oxygen. There are many microorganisms that require an oxygen-rich 
environment to survive, but others actually flourish in low-oxygen surroundings. 
Between these two extremes is a wide variety that may prefer more or less oxygen and 
that will be able to flourish equally no matter how much oxygen is present. 

 


