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Lecture 1                                           Introduction to food science & nutrition 

Food Science:  

     It is defined a systematic study of nature of food materials leading to improved 

understanding of the scientific principles underlying their modification during 

processing, preservation and spoilage.  

OR 

     It is defined as the application of basic science & engineering to study the fundamentals 

of physical, chemical & biochemical nature of foods & the principle of food processing.  

Food Technology:  

 It is the application of the knowledge about food science to manufacture, process, 

preserve, packaged, transport, distribute and sale various food products at commercial 

level. Here the focus is primarily on bringing shelf-life extension of food products, 

value-addition and adding convenience and variety to the life of consumer. 

OR 

 It is the use of information generated by food science in the selection, preservation, 

processing, packaging & distribution of the food, as it affects the consumption of safe & 

nutritious food. 

 

What is food? 

 Food is defined as any substance which one consumes (eats/drinks) to satisfy one’s 

hunger/thirst in order to nourish one’s body.  

 Such substance is normally clean, wholesome and fit to eat.  

 Food nourishes our body means it helps maintain our health, social and psychological 

well-being. 

 

Types of food 

 Food can be classified into different groups depending upon nutritive value, for the 

convenience of planning diet, origin etc. 

a) According to the chemical nature 

 carbohydrates 

 vitamins 

 proteins 

 dietary fiber 

 fats 

 water minerals 

 

b) According to their function in the body  
 

 Energy giving foods: Foods rich in carbohydrates and fats are called energy 

yielding foods. Cereals, roots and tubers, dried fruits, sugars and fats are included in 
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this group. Cereals contain, in addition, fair amounts of proteins, minerals and 

certain vitamins. 

 Body building foods: Foods such as proteins, fats and carbohydrates are also called 

as body-building food. They are the nutrients that form body tissues. Fish, meat, 

chicken, eggs, pulses, nuts and milk are some body building foods. 

 Protective foods: Foods rich in proteins, vitamins and minerals are termed as 

protective foods. Milk, eggs, liver, green leafy vegetables and fruits are included in 

this group. Protective foods are broadly classified into two groups: (a) foods rich in 

vitamins, minerals and proteins of high biological value, e.g., milk, eggs and liver 

and (b) foods rich in certain vitamins and minerals only, e.g., green leafy vegetables 

and fruits. 

  

c) According to chemical properties 

 

 Organic: Nutrients that contain the element of carbon are called as organic 

nutrients. The organic nutrients include carbohydrates, lipids, proteins and vitamins. 

 

 Inorganic: Nutrients that do not contain carbon element are called as inorganic 

nutrients. Water and minerals are inorganic. 

 

d) According to its mass depending on the quantity necessary for cells and organisms 

are classified as 

 

 Macronutrients: Macronutrients are required in large quantities daily. Proteins, 

carbohydrates and fats are macronutrients. They are the basis of any diet. 

 

 Micronutrients: Micronutrients are needed in small quantities (usually in amounts 

less than milligrams). These nutrients are involved in regulating metabolism and 

energy processes. They are vitamins and minerals. 

  

e) According to its origin 

 

 Depending upon the origin of food it has been classified as animal food sources and 

plant food sources. 

  

f) According to its nutritive value 

 

 Cereals and millets 

 Pulses 

 Nuts and oil seeds 

 Vegetables 

 Green leafy vegetables 

 Non-leafy vegetables 

 Roots and tubers 

 Fruits 
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 Milk and milk products 

 Animal foods—meat, fish, liver, egg etc 

 Carbohydrate foods 

 Condiments and spices 

 

Nutrients 

 

o Nutrients are the chemical substances present in food, which the body needs to carry out 

its function. Food is the source of all nutrients, except vitamin D. 

o Nutrients provide energy to the body helps in growth and maintenance of body and 

regulates various metabolic processes in the body.  

o There are mainly 6 categories of nutrients which are present in food. 

i. Protein  

ii. Carbohydrates 

iii. Fats  

iv. Minerals  

v. Vitamins  

vi. Water 

 

Nutrition 

 

o It is the science of nourishing the body. Nutrition is a study of various nutrients, their 

characteristics, functions, requirements & sources.  

o The effect of deficiency, excessive intake, digestion, absorption & utilization in the 

body as well as the interrelationships that occur among some nutrient is an important 

part of nutrition. 

o Nutrition is combination of processes by which the human body receives and utilizes 

nutrients which are necessary for carrying out various functions & for the growth & 

renewal of its components. 

o Thus, nutrition refers to the various processes in the body for making use of food. It 

includes eating the right kind & amount of food, absorption of nutrients into the blood 

stream, use of individual nutrients by the cells in the body, maintenance & growth of 

cells, tissues & organs and elimination of wastes. 

 

Optimum nutrition 

o The term "Optimum Nutrition" can be defined as eating the right amounts of 

nutrients on a proper schedule to achieve the best performance and the longest 

possible lifetime in good health, assuming that external negative influences like 

accidents and infectious diseases can be avoided.  

o Optimum Nutrition remains an elusive goal because the demands of the body change 

from minute-to-minute based on physical activity, and because medical science does not 

yet have a definitive set of comprehensive nutritional requirements for every human 

genetic variation. 
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Malnutrition 

o It is impairment of health resulting from a deficiency, excess or inbalance of nutrients in 

the diet. It includes both under-nutrition or deficiency and over-nutrition or excessive 

consumption. 

o Undernutrition refers to a deficiency of calories and / or one more nutrients in the diet. 

An undernourished person is underweight.  

Example: Protein energy malnutrition  

Among severely undernourished children, PEM occurs due to deficiency of 

protein, fats and carbohydrates. Such children and their families do not get sufficient 

food to eat three times a day over long period of time. PEM is of two types: 

1) Kwashiokor: It results from severe protein deficiency in diet which is mainly 

due to starvation and poverty. It usually affects children and infants. It is 

characterized by swelling of extremities (Oedema) and enlarged liver with fatty 

infiltrates.  

2)  Marasmus:  It occurs due to recurrent infections, diarrhoea and parasite attack 

leading to malabsorption of nutrients and severe wasting (i.e. low weight for 

age), low weight for height may lead to death, impaired physical growth, social 

and mental development.  

 

o Overnutrition is refers to an excess of calories and / or one or more nutrient in the diet 

which can leads to obesity. An excessive intake of fat-soluble vitamins can cause 

hypervitaminosis or vitamin toxicity. 

 

Body Mass Index (BMI) 

  

 

If BMI is <18.5, it is an indicator of Chronic Energy Deficiency or CED (i.e., intake of energy 

giving foods having fats, carbohydrates and protein is less). 

Health 

According to WHO health as a state of complete physical, mental & social well-being 

and not merely the absence of disease or infirmity. Or  health is positive state of complete well-

being and not just the absence of disease.  

BMI = [Weight in kg/ (Height in meter) 2] 
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Lecture 2                                   Food Science concepts 

Introduction 

 Weight & measures are set standards which are used to find the size of substances. To 

obtain a high-quality product & carry out a profitable business, accurate weighing and 

measuring of all ingredients is essential. 

Density 

 The density of a substance is its mass per unit volume. The symbol used for density 

is ρ (the lower case Greek letter rho). The mathematical expression is 

  

    

where ρ is the density, m is the mass in Kg, and V is the volume in m3.  

 Unit of density is Kg/ m3 or g/ cm3.  

 The density of a material varies with temperature and pressure. This variation is 

typically small for solids and liquids but much greater for gases.  

 Increasing the pressure on an object decreases the volume of the object and thus 

increases its density.  

 Increasing the temperature of a substance (with a few exceptions) decreases its 

density by increasing its volume.  

 As volume of a food product is related to its temperature, therefore, the density of a 

food product is defined at a particular temperature.  

 Density is used to compare different products on the basis of its heaviness or 

lightness for example fruit cake has a greater density than sponge cake.  

 The product characteristics will determine its packaging requirements as well as 

storage and transportation cost. 

Types of density: 

a) Bulk Density: Bulk materials such as wheat grains, sugar contains void which 

generally comprises of ‘air’. Density of bulk material also includes air spaces. 

b) Particle Density: The particle density is also known as true density of a particulate 

solid or powder and is the density of the particles that make up the powder. Particle 

density (g/ml) is defined as the mass of particles having a total volume of 1 ml. The 

particle density is a relatively well-defined quantity, as it is not dependent on the 

degree of compaction of the solid, whereas the bulk density has different values 

depending on whether it is measured in the freely settled or compacted state (tap 

density). However, a variety of definitions of particle density are available, which 

differ in terms of whether pores are included in the particle volume, and whether voids 

are included.  

ρ = m / V 

https://en.wikipedia.org/wiki/Mass
https://en.wikipedia.org/wiki/Volume
https://en.wikipedia.org/wiki/Rho_(letter)
https://en.wikipedia.org/wiki/Granular_material
https://en.wikipedia.org/wiki/Granular_material
https://en.wikipedia.org/wiki/Powder_(substance)
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c) Relative density: Relative density or specific gravity is a dimensionless quantity 

which is defined as the ratio of the density of the material to that of a standard 

material, usually water. Thus, a relative density less than one means that the substance 

floats in water. 

There are several methods to determine density: 

A. Hydrometer: It is used to measure density of liquids.  

(i) The lactometer is a special type of hydrometer. It is constructed and graduated so 

that the lactometer reading is related to the specific gravity of milk on the ratio of 

the milk to water weight of a unit volume at a specified temperature. 

(ii) Salinometer /Salinimeter /Salimeter is a hydrometer which is used to measure 

salinity of a solution in terms of salt concentration. 

(iii) Saccharometer is another type of hydrometer which is used for measuring the 

sugar in fruit juices and solutions based upon its density or its specific weight. 

(iv)  Alcoholmeters are used to test the relative density of alcoholic beverages. 

(v) Refractometers are used to measure the sugar or total solids in solution (TSS) 

while preparing jam, jelly, syrup etc. They measure the refractive index of light 

reflected through the solution. 

B. Hydrostatic balance (a buoyancy method for liquids and solids) 

C. Immersed body method (a buoyancy method for liquids) 

D. Pycnometer (liquids and solids),  

E. Tap (solids). 

pH 

 It is a direct measure of acid content [H+].  

 A definition of pH is the measurement of the acidity or alkalinity of a food solution 

commonly measured on a scale of 0 to 14. 

  pH 7 is considered neutral, with lower pH values being acidic and higher values being 

alkaline or caustic. 

 Most fruits and fruit products have pH below 4.0 while vegetable, milk and meat 

products have pH more than 4.0 or above; pH of milk is around 6.8 while pH of yoghurt 

is 4.4 to 4.6, pH of spinach is 5.4 and mushroom 5.8; and of fruits like apples and black 

berries pH is 3.4. 

 pH is the most common of all analytical measurements in food industrial processing.  

 The proper pH of a canned food product is critical to ensure the safety of the product.  

 pH of the food product can be measured using pH paper strips (based on change in 

colour) commonly known as litmus paper or pH meter (using a glass electrode immersed 

in the solution). 

 

 

 

https://en.wikipedia.org/wiki/Relative_density
https://en.wikipedia.org/wiki/Relative_density
https://en.wikipedia.org/wiki/Specific_gravity
https://en.wikipedia.org/wiki/Dimensionless
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Surface tension 

 Surface tension is an important property of the surface of a liquid. It is force experienced 

on the surface of a liquid or it is the force of attraction which exists between liquid and 

solid surfaces.  

 It is caused by cohesion (a force that causes the molecules of a substance to be attracted 

to one another). 

 The molecules of a liquid that are below the surface are pulled by cohesive forces from all 

directions. But the molecules at the surface behave differently because they are only 

pulled downwards or sideways. Usually, the higher the surface tension is, the stronger the 

interactions between the molecules of the liquid are.  

 The surface tension decreases with temperature because the interactions inside the liquid 

are lower than the heat moving forces. 

 Chemicals that reduce surface tension are called as emulsifying agents, surfactants and 

detergents. They contain molecules that are polar (hydrophilic) end and non-polar 

(hydrophobic) end. They permit new surfaces to be formed more easily when energy is 

put into the system.  

 Some phospholipids and proteins are natural surfactants in food and sometimes used in 

food as emulsifying agent e.g., use of egg white in cake batter. However, synthetic agents 

like glycerol mono stearate, propyline glycol mono stearate, polysorbate 60, sorbitol 

mono stearate have more powerful surface activity and thus are required in small amount. 

Application of surface tension 

1. Addition of detergent to liquids reduces the surface tension of water and the surface 

attraction between the fibre and greasy stain and allows the soil to be removed from 

the fabric. 

2. Release agent help prevent the paper lining the tin from sticking to the cake. They 

contain silicone compounds. 

3. Silicones have a property of lowering the surface tension and are added to wood 

polishes to allow the polish to spread easily. 

4. Non-stick cookware is coated with polytetrafluoroethane plastic or silicone to prevent 

attraction between the food and pan. 

Osmosis 

Osmosis is defined as a process by which molecules of a solvent tend to pass through a semi 

permeable membrane from a less concentrated solution into a more concentrated one. On the 

contrary, diffusion is a process which does not require a semi-permeable membrane to occur and 

the molecules move from a region of higher concentration to lower concentration.  

Osmosis is a passive process and happens without any expenditure of energy. It involves the 

movement of molecules from a region of higher concentration to lower concentration until the 

concentrations become equal on either side of the membrane. For example, swelling of resins and 
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other seeds when soaked in water and movement of soluble solids into water which makes the 

water look turbid and little coloured. 

Any solvent can undergo the process of osmosis including gases and supercritical liquids.  

There are three different types of solutions: 

(i) Isotonic Solution: An isotonic solution is one that has the same concentration of 

solutes both inside and outside the cell. 

(ii) Hypertonic Solution: A hypertonic solution is one that has a higher solute 

concentration outside the cell than inside. When a cell is placed in a hypertonic 

solution, the solvent molecules move out of the cell and the cell becomes flaccid, this 

is known as exosmosis. The micobial cells may lyse if the food system is changed into 

hypertonic solution/system e.g., high salt pickle or brine solution and thus food is 

preserved. 

(iii) Hypotonic Solution: A hypotonic solution is the one that has a higher solute 

concentration inside the cell than outside. When a cell is placed in a hypotonic 

solution, the solvent molecules move inside the cell and the cell becomes rigid/turgor, 

this is known as endosmosis. 

Osmotic dehydration has found wide application in the preservation of food materials 

since it lowers the water activity of fruits and vegetables and the solutes used are generally 

sugar or salt (sodium chloride). Fruit slices or cubes are dipped in sugar syrup while 

vegetables are sprinkled with salt (sodium chloride) or soaked in brine solution. This is multi-

component diffusion process. In this process water flow from fruits or vegetables to solution 

and along with water some components of fruits and vegetables such as minerals, vitamins, 

fruit acids etc. also move towards solution. The sugar and salt migrate towards the fruits and 

vegetables.  

The most important commercial products made from fruits are murabbas of gooseberry 

(Aonla), apple, candies of different fruits and vegetables like pethas, sweets of parwal made 

by osmosis in sugar syrup. Various vegetables are treated in brine to reduce their moisture 

content for example, in pickle-making, raw mangoes are treated in brine solution before 

drying. 

Reverse Osmosis: The osmotic flow can be stopped or reversed by exerting an external 

pressure to the sides of the solute and is called as reverse osmosis. It is used for removing the 

majority of contaminants from water by pushing the water under pressure through a semi-

permeable membrane. The minimum pressure required to stop the solvent transfer is called 

the osmotic pressure. 
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Lecture 3                                                                  food science concept part-2 

Introduction 

A food may exist in the form of solid, as true solution or in the form of colloid. A 

colloid is a type of chemical mixture where one substance is dispersed evenly throughout 

another, but does not combine to form a solution. The existence of the colloidal state was first 

recognized by Thomas Graham. He is also known as the father of colloidal chemistry. He 

classified the organic compounds present in foods into two categories: Colloids and 

Crystalloids. Colloids are compounds with large molecular weights, which form dispersions 

only with water. e.g. starch, proteins, glycogen, agar-agar. Crystalloids, on the other hand, are 

compounds with small molecular weights, which can form true solutions. e.g. sugars, 

minerals and amino acids. Solids, liquids and gases may be dispersed in water to form either 

solutions or colloids. 

A colloidal system consists of two separate phases: a dispersed phase (or internal 

phase) and a continuous phase (or dispersion medium). A colloidal system may be solid, 

liquid, or gaseous. The substance which is dispersed is known as the disperse phase and is 

suspended in the continuous phase. The particle size of one of the phases in a colloid lies in 

the range 1 to 1000 nm. In the coarse suspensions, the size of the suspended particles is 

always larger than 1000 nm, whereas the dimensions of solute molecules in true 

homogeneous solutions are less than 1 nm. In colloidal system, the dispersed phase is 

between 1 nm and 100 nm in diameter. For this reason, most manufactured foods can be 

considered as food colloids. Egg white foam is an example of this. Air bubbles (disperse 

phase) are trapped in the egg white (continuous phase) resulting in a foam. 

One characteristic feature of these systems is high contact surface area between 2 

phases. In order to increase surface area, a considerable amount of energy is required to be 

put into the system with the use of high speed mixer or homogenizer by which new droplets 

are formed creating new surface areas. 

Classification of Colloids: 

Colloidal systems can be classified based on the physical state of the dispersed phase 

and the dispersing medium. There are many types of colloidal systems depending on the state 

of the two substances mixed together e.g., sols (a solid is dispersed in a liquid), gels (liquid 

held in solid network, e.g., jam or jelly), emulsions (oily and watery liquids mixed together, 

e.g., milk and butter), foams (bubbles of gas trapped in a liquid, e.g., whisked egg white or 

whipped cream), solid foam (bubbles of gas trapped in a solid, e.g., meringue, bread). 

Colloidal systems with two phases can occur in eight different combinations, as shown in 

Table 1.  
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Table 1.:  Classification of colloidal systems 

Dispersed Phase Dispersing 

Medium 

Name Examples 

Liquid  Gas  Fog  Aerosol sprays  

Solid  Gas  Smoke  Smoked fish  

Gas  Liquid  Foam  Whipped cream, meringue  

Liquid  Liquid  Emulsion  

Oil in water  

Water in oil  

Whole Milk,  

Margarine, butter 

Solid  Liquid  Sol  Whey, skimmed milk, 

starch suspension  

Gas  Solid  Solid froth, foam  Bread, idli, cake 

Liquid  Solid  Gel Gelatin, jellies  

Solid  Solid  Solid sol  Candies, pumice stone 

Types of Colloidal System in Food:  

(i) Sols and Gels: 

A sol can be defined as a colloidal dispersion in which solid state is the dispersed phase and 

liquid is in the continuous phase. Gravy, stirred custard and other thick sauces are some of the 

examples of sols. When a jelly is made, gelatin is dispersed into a liquid and heated to form a 

sol. As the solution cools, protein molecules unwind forming a network that traps water and 

forms a gel.If corn flour or wheat flour/rice grains is mixed with water and heated, the starch 

granules absorb water until they rupture, the starch then disperses in the water, the process is 

known as Gelatinization of Starch where the mixture becomes more viscous and forms a gel 

on cooling. 

Other types of gels are formed with pectin and agar. Pectin, a form of carbohydrate 

found in fruits, is used in the production of jam to help it set. However, pectin gelsunder 

acidic conditions and in the presence of at least 50% sugar. Agar is a polysaccharide 

extracted from seaweed which is capable of forming gels. Sometimes when a gel is allowed 

to stand for a long time, it starts to ‘weep’. This loss of liquid is known as 

Syneresis/Weeping. 

(ii) Emulsions: 

An emulsion is a mixture of two or more immiscible liquids i.e. they will not mix 

together. When water and oil are shaken together, they form an emulsion. This emulsion is 

unstable. If left to stand, the oil will form a separate layer on top of the water. A stable 

emulsion is formed when two immiscible liquids are held stable by a third substance, called 

an emulsifying agent. An emulsion may be oil-in-water (o/w) type in which small oil droplets 

are dispersed through water, e.g., milk, or water-in-oil (w/o) type in which small water 

droplets are dispersed through oil, e.g., butter.  

(iii) Foams: 
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Foams are composed of small bubbles of gas (usually air) dispersed in a liquid, e.g., 

egg white foam. As liquid egg white is whisked, air bubbles are incorporated. The 

mechanical action causes albumen proteins to unfold and form a network, trapping the air. If 

egg white is heated, protein coagulates and moisture is driven off. This forms solid foam, 

e.g., egg-cake. Ice cream and bread are other examples of solid foams.  

Functions of Colloidal Systems in Food Products: 

Colloidal systems give structure, texture and mouth-feel to many different food 

products, for example jam, ice cream, mayonnaise. Most colloids are stable, but the two 

phases may separate over a period of time because of an increase in temperature or by 

physical force. They may also become unstable when frozen or heated, especially if they 

contain an emulsion of fat and water. To prevent the separation and to increase the stability of 

the emulsion many a times food hydrocolloids and/or emulsifying agents are used. Food 

hydrocolloids are high molecular weight hydrophilic biopolymers used in food products to 

control the texture, flavor, shelf life, stability and rheological properties of the food product. 

Emulsifying agents also known as surfactants, reduce the surface tension on the surface 

molecules. They contain molecules that are polar (hydrophilic) at one end and non-polar 

(hydrophobic) at the other end. These molecules permit new surfaces to be formed more 

easily when energy is put into the system and permit larger number of molecules to be 

formed.  

Stability of Colloidal Systems:  

Most colloids are stable. The stability depends on the interaction between the two 

phases. But the two phases may separate over a period of time with an increase in the 

temperature, by physical force or by chemical means. In general, lyophilic (water loving) sols 

are more stable than lyophobic sols. In lyophilic sols there is a strong interaction between the 

colloidal particles and the molecules of the dispersion medium. As a result, lyophilic sols 

contain highly solvated particles. However, on the addition of alcohol or a competitive 

electrolyte, the solvent which surround the particles get removed and bring about coagulation 

in the system. 

Stability of Sols and Gel in Food: 

A sol is a colloidal system in which a solid is in dispersed phase and liquid is the 

continuous phase. The proper ratio of the ingredients is necessary to achieve the desired 

viscosity of the sols at a certain temperature. Sols may be formed as a preliminary step in 

making a gel. Jams and jellies made with pectin are common examples that form a sol prior 

to the desired structure.Pectin is hydrophilic and attracts a layer of water that is bound tightly 

to the molecules by hydrogen bonds. Water forms an insulating shield for the pectin 

providing layers that inhibit bonding between the molecules of the colloidal substances.Sols 

can be transformed into gels on cooling. In pectin gel, the pectin molecules are in the 

continuous phase and the liquid is the dispersed phase while in pectin sol, the pectin 

molecules are the dispersed phase and liquid is in continuous phase. 
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CARBOHYDRATES 

Learning objectives 

 Describe the chemical nature of carbohydrate 

 Classify carbohydrates and know their source 

 Functions of carbohydrate 

 

Introduction 

 Food is composed of 3 main constituents, namely carbohydrate, protein and fats and 

their derivatives. In addition to these components, inorganic minerals and diverse organic 

compounds such as vitamins, pigments, flavoring compounds, enzymes, and acids are also 

present is the food. The percentage of water is large in certain foods. The variation in 

structure, colour, texture, flower and nutritive value is because of varying proportions and 

arrangements of these compounds.  

Carbohydrate 

 Means hydrates of carbon i.e. Cn(H2O)n, Where, n ranges from 3 to many thousands. 

 Carbohydrates are polyhydroxy aldehydes or polyhydroxy ketones, or substances that 

yield such compounds on hydrolysis.  

 Carbohydrates are organic compounds made up of C, H and O.  

 They contain H and O in same proportion, so they are known as/ called 

carbohydrates.  

Eg. Glucose (C6H12O6), Starch (C6H10O5)n 

 In green plants, chlorophyll in presence of light, convert the CO2 and H2O into 

chemical energy (C6H12O6). This is called photosynthesis.  

     6CO2 + 6 H2O + Energy (sunlight)              C6H12O6+ 6O2  

But the glucose cannot be stored on a large scale, so it is converted into starch by 

removal of water.  

        nC6H12O6                                      (C6H10O5)n + nH2O 

Source of carbohydrate  

1. Cereal grains & potato – in starch form  

2. Mango, banana, sugar beets, maize, peas – In sugar form but in maize & pea it 

converted to starch during long term storage.  

3. Fruits – In sugar form (apple, grapes, etc.) 

4. Veg.- carrot, onion, peanut, potato, corn, tarnip) 

5. Others – Honey, Maple syrup, meat, milk, sugar beet cane juice etc.  

Functions of carbohydrate 

Carbohydrates have many functions in human body. 

Chlorophyll 

Green plants 
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1. The chief function of carbohydrate is to provide energy to the body so as to it can 

carry out day-to-day work and maintain body temperature. All carbohydrate except 

fibre provides 4 kcal/g of energy. It is cheapest source of energy. 

2. Glucose is the only form of energy used by central nervous system. When glucose 

level falls, the brain does not receive energy and convulsion may occur. 

3. Carbohydrate spare proteins from being broken down for energy and are used for 

body building and repair. In carbohydrate deficient diets, protein meant for body 

building and repair are oxidized to meet the most important and primary need of the 

body, i.e. energy 

4. They are required for complete oxidation of fat. In a deficiency, fats are broken down 

rapidly for energy and intermediate products such as ketones are formed in large 

amount resulting in condition called ketosis. 

5. Carbohydrate can be converted into non-essential amino-acids, provided a source of 

nitrogen is available. 

6. The sugar lactose helps in the absorption of the minerals calcium and phosphorus. 

7. Lactose helps certain bacteria to grow in intestine. This bacterial flora is capable of 

synthesizing B-complex vitamin in the gut. 

8. Dietary fibre plays an important role of increasing faecal mass by absorbing and 

holding water, stimulating peristalsis, and eliminating faecal waste. 

9. Fibre also helps in lowering blood cholesterol levels by binding bile acids abd 

cholesterol. 

 

Classification of carbohydrates 

  

 

 

  

 

 

 

  

 

 

 

 

 

 

 

 

Monosaccharides 

(Contain single polyhydroxy 

aldehyde or ketone unit) or made up 

of 2-6 carbon units. eg. Glucose, 

Fructose, Galactose. 

Disaccharides 

(Consist of 2 monosaccharide units) 

eg. Sucrose (gluose + fructose) 

      Maltose (glucose+glucose) 

      Lactose (glucose+galactose) 

      Cellobiose (glucose+glucose) 

 

Carbohydrate 

Oligosaccharides 

(3-10 monosaccharide units) 

eg. Raffinose  
      Stachyose 

Polysaccharides 

(Contain 10 or more mono 

saccharides)  

eg. Dextrain, Starch, Cellulose, 

Hemicelluloses, Pectin, Gums, 

Mucilage 

Reducing sugar 

(It is capable of acting as 

reducing agent; it has free 

aldehyde or ketone group).  

eg – maltose, lactose 

Non- reducing sugar 

(It has no free aldehyde or 

ketone group). eg. Sucrose 

Homopolysaccharide 

(All glycosyl units are of 

same sugar type, they are 

nomogeneous as to 

monomer units).  eg.- 

starch, glycogen, Dextrin, 

Cellulose, Agar Pectin 

Heteropolysaccharide 

(composed of 20 more 

different monosaccharide 

units) 

eg- Hemicellulose, 

Mucilage, gums, algae,  
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MONOSACCHARIDE 

Introduction 

It is simplest form of carbohydrates found in nature. Mainly glucose, fructose and 

galactose are important in human nutrition. These simple sugars made up of a six-carbon chain 

or ring to which hydrogen (H) and hydroxyl (OH) groups are attached. They are grouped into 

hexose. All hexoses contain the same number and kind of atoms and have the formula C6H12O6.  

They differ from one another because of the arrangement of different atoms around the carbon 

chain. Because of the difference in structure, they have different properties and vary in their 

degree of sweetness. These are the chemical building block or units from which all other 

carbohydrates are built. 

Glucose  

- It is most important and simplest carbohydrates as used by the body.  

- It is also known as dextrose.  

- After digestion of carbohydrate, glucose (sugar) is observed by the blood.  

- It is available in powder and liquid form.  

- It is found in fruits and honey  

- It also the source of energy in cell functions and regulates the metabolism.  

- Glucose is made by plant through photosynthesis.  

- Naturally occurring form of glucose is D-glucose while, L-glucose is, produced 

synthetically.  

                                                                               

                          D-glucose (Haworth projection)                             D-glucose (Fischer projection) 

 

Fructose  

- It is sweetest of all sugars and also known as fruit sugar. In human body it is converted to 

glucose and oxidized as a source of energy.  

- It is also called levulose.  

- It is simple ketonic manosaccharide.  
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- It produces diasaccharide after bind with glucose called sucrose.  

- Fructose is directly observed into the blood during digestion.  

- Commercially, fructose is derived from sugar cane, sugar beets and maize.  

                                                                 

Galactose 

-  It is monosaccharide and found in combination with glucose to form lactose 

(disaccharide) through condensation reaction.  

- Major source of galactose is lactose which is abundant in milk.  

- Deficiency of galactose pathway enzymes causes galactosemia.  

- Digestion of lactose produces glucose and galactse.  

- Galactose is metabolized by conversion initially to glucose 1-phosphate, which can then 

be converted either to glucose 6-phosphate or to glycogen.  
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DISACCHARIDES 

 

Introduction 

There are double sugars composed of two monosaccharide linked together with the removal 

of a molecule of water. Important disaccharides for human diet are sucrose, maltose & lactose. 

General formula is C12H22O11. Disaccharides are differs from one another in solubility, sweetness 

susceptibility to fermentation and other properties.  

Sucrose  

 It is known as table sugar.  

 Prepared from sugar cane or sugar beet.  

 It produces caramel after partial decomposition during heating at around 200°C.  

 Sucrose after hydrolysis produces D-glucose and D-fructose.  

 It is also named as invert sugar due to inversion of the direction of rotation.  

 Sucrose is highly soluble over a wide range of temperature due to this property sucrose is 

an excellent ingredient for syrups and other sugar contain.  

 

Lactose  

 It is the sugar present in milk.  

 Lactose =D-glucose +D-galactose  

 It is the least sweet of all the sugars and is easily fermented to lactic acid by lactic acid 

bacteria during preparation of curd and cheese. This lactic acid helps ion setting curds 

and curdling milk. 

 It is hydrolyzed by the enzyme β-D- galactosidase (lactase).  

 

Maltose  

 It is formed when whole grains are sprouted and in the commercial preparation of malt 

from starch.  

 In the body, maltose is formed during digestion of starch.  

 Maltose = glucose + glucose  

 It is the major end product of the enzymic degradation of starch and glycogen by β-

amylase and has a characteristic flavor of malt.  

 Maltose is reducing disaccharide.  

 It is fermentable and easily soluble in water.  

Cellobiose  

 

 Chemically it is 4-β-D – glu copyranosyl –β-D-glucopy-ranose.  

 It is a reducing disaccharide resulting from partial hydrolysis of cellulose.  

 

Some properties of sugars  
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 Sugars such as glucose, fructose, maltose, sucrose & lactose all of them have following 

characters in varying degree:- 

1. They are usually used for their sweetness.  

2. They are soluble in water and readily form syrup. 

3. They form crystals when water is evaporated from their solution. 

4.  Supply energy  

5. They are readily fermented by micro-organisms.  

6. They prevent growth of microorganism at higher concentration, eg- sugar at 66% act as 

preservative.  

7. They darken in color or caramelize on heating.  

8. Some of them combine with protein to give dark color called browning reaction. 

9.  They give body & mouth-feel to solution in addition to sweetness.  

10. They act as humecants, texturizing agent & flavour producers.  

11. Carbohydrates are hydrophilic to different degrees depending upon their structure.  

 

Function of sugars in foods  

A part from their nutritional value, sugars have other functions in foods  

 They act as humecants, pasticizers, texturizing agents, flavor producing agents and 

sweetness. These functions depend upon the sugar- water relationship.  

 The flavor producing function depends upon the reactions when sugar subjected to 

heating during cooking & dehydration.  

 Sweetness of sugars depends upon their ability to form hydrogen bind with water, 

with other polar compounds and among themselves.  

 Carbohydrates are hydrophilic in nature. The rates and extant of water absorption by 

sugars depend upon their absolute purity, their anomeric purity, whether or not they 

form stable crystalline hydrates and the homogeneity of their crystalline structure.  

 Water uptake causes dissolution, equilibration of anomeric form and a cyclic form 

and hydrolysis of glycosidic bonds.  

 The hygroscopicity of sugars, dextrins and their mixtures is an important factor 

affecting the acceptance of confections, bakery & instantly reconstitutable powders or 

granules.  

 More hygroscopic liquid sugars, such as inert sugar or glucose syrup are used to help 

retain moisture in baked foods.  

 To retain plasticity & inhibit crystallization, starch hydrolysates or sorbitol are used 

in foods.  

 Concentrated syrups are used to give a firm texture to fruits through osmosis.  
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OLIGOSACCHARIDE 

Introduction 

They are composed of three to ten monosaccharide units linked to each other by glycosidic 

bonds. They are not as common in foods and commonly found in pulses, eg. raffinose & 

stachyose. They are the composed of D-glucose, D-galactose and D-fructose. Oligosaccharides 

are not easily digested by human body. They produce gas in intestine cause flatulence. 

Oligosaccharides consider as anti-nutritional factors. These can be reduced by soaking, cooking, 

fermentation etc.  

Raffinose  

 

 It is trisaccharide and composed of one unit of galactose, one unit of glucose and one unit 

of fructose.  

Stachyose  

 It is composed by 4 hexoses (Stachyyose = galactose + galactose + glucose + fructose).  
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POLYSACCHARIDES  

 

Most of the carbohydrates in nature occur as polysaccharides. They are formed by a 

few types of hexoses, hexose derivation (uronic acids and sulphate esters) and pentoses. They 

are high-moleculer-weight substances composed of a large number of monosaccharides units 

combined to form one large module or polymer. They consist of a primary chain, and in 

some, side chain or branches may exist. The primary chain consists usually of one, but 

sometimes two, types of monosaccharide units. The side chain may consist of sugars different 

from those of the main chain, with different types of glycosidic linkages. The generic name 

of polysaccharides is “glycans”.  

Types of Glycans 

A. Based on saccharide units: It is of two types 

I. Homoglycans: If they are composed of single type of monosaccharide unit called 

homoglycans (mannan, galactan, fructan and araban). eg. Cellulose, amylose, 

amylopectin (depends upon sugar released on hydrolysis of polysaccharide). 

II. Heteroglycans: If they are composed of two or more monosaccharide units 

heteroglycans (galactomannan, glucomannan, arabinogalactan). eg. Algin, Guar, Locust 

bean gums (depends on sugar present). 

B. Based on origin: 

I. Plant originated polysaccharides - Cellulose, Hemicellulose, Pentosons, Pectic 

substances etc.  

II. Animal originated polysaccharides – Chitin, mucopolysaccharides.  

 

Starch  

Starch is the principal food-reserve polysaccharide in plant kingdom, where it occurs in 

cereal grains, pulses, fibers, bulbs etc. Generally 75% of starch found in cereal grains.  Starch 

provides the major source of energy in the diet.  

 (C6H10O5)n  is the general formula of starch where n = 400-400 units.  

 Starch contain only glucose residue. They are mixtures of structurally distinct 

polysaccharides, amylose and amylopectin.  

 Cereal starches usually contain 25% amylose and 75% amylopectin waxy / glutinous 

starches like waxy corn starch contain little or no amylose.  

Amylose:  

 It is consists of glucose unit linked by α- (1-4) bonds.  

 They are present as linear chains, which can bond to each other by hydrogen bonds 

and form a gel.  
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 Amylose does not have a sweet taste, is slightly soluble, has good thickening ability, 

and represents 20-30% of the total starch in most grains.  

 The glucose units in amylose are linked together by elimination of a molecule of 

water at each linkage.  

 Starches from various sources differ in their amylose content.  

Amylopectin:  

 It is made up of glucose units. Two types of linkages are seen in amlyopectin 1,4-α – 

glucosidic as in amylase and occasional 1,6-α- glucosidic linkages, resulting in a very 

large branched polysaccharide.  

 The 1,4 linkages form a straight chain of 15-30 glucose units after which a 1,6 linkage 

occur resulting in cross–linking and a complex branched structure.  

 The molecules of amylopectin is very large and because of its branched structure is 

sparingly soluble, not sweet, and is the predominant form in the starch granule with 

low gelling ability.  

 Starch is high molecular weight polymer of glucose unit only (homoglycan).  

 On hydrolysis starch yields glucose unit.  

 By the process of photosynthesis, green plants manufacture glucose, which is 

converted to starch and stored in the form of granules in various parts of the plants. It 

is stored as granules within leucoplasts in plant cells.  

Each type of starch has different shapes and sizes of granules. eg.  

i. Corn starch granules are polygonal in shape.  

ii. Wheat starch has small spherical and large disk-shaped granules.  

iii.  Rice starch granules are polygonal in shape, but very small in size.  

Differences between amylose & amylopectin 

S. No. Amylose Amylopectin 

1. It is linear polymer, which contains 

glucose unit in α-1,4 linkages.  

It is a branched polymer of glucose 

units in α-1,4 and    α- 1,6 linkages. 

2. Molecular weight is less than 

amylopectin.  

Molecular weight is four times that of 

amylose.  

3. Good thickening power.  Lesser thickening power as compared 

to amylase.  

4. Capable of forming gels because of 

liner form.  

No gel formation because of branched 

structure.  

 

Classification of starch 

Starch 

 

 

 

 

 

 

Non waxy starch 

(Contain 20-30% amylase, rest 

amylopectin. eg. Potato starch) 

Waxy starch 

(Contain no amylase only 
amylopectin. eg. Waxy corn  

starch) 

High amylose starch 

(Contain >50% amylase rest 
amylopectin. eg. corn  starch & 

amylomaize) 
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Gelatinization  

 

When starch granules are mixed with cold water, they do not dissolve, but form of 

suspension. When the water is heated, the granules begin to swell. The heat energy breaks the 

hydrogen bonds in the starch granules & facilitates the entry of water into the granules. At the 

same time, some amylose from the granules leaches into the cooking water.  The temperature 

at which the granules swell is called gelatinization temperature and it is characteristic for 

each starch  

The starch chains in the granules absorb moisture & begin to uncoil from their tightly 

packed configuration. The size o the granule increases as more and more water enters. The 

water in the granule gets bonded to amylose and amylopectin. This mixture becomes viscous 

and translucent after continuous heating. The increase in viscosity is due to water bonded to 

starch and increase in size of starch granule as well as reduction in free water in the mixture. 

Swollen grains find it difficult to move which further increase the viscosity of mixture. This 

process of swelling of starch grains and formation of viscous starch pastes is called 

gelatinization.  

Factors affecting gelatinization  

1. Mixing and stirring  

2. Temperature  

3. Type of starch  

4. Effect of added ingredients (sugar, acid, fat, milk protein etc)  

Sugar – reduce viscosity and strength of gel  

Acid – acid hydrolysis resltin thinning of starch paste  

Fat- lowers the gelatinization & thickening temp.  

Milk protein – lowers the gelatinization temp.  

 

Galation 

 

Gelatinized starch mixture may exhibit flow properties and remain a sol or may cool 

and set to form a gel. The amylose, which has leached out of the swollen starch granule, 

forms hydrogen bonds with other amylose molecules as the starch paste cools and loses 

energy. Amylose molecules move slowly forming bonds and a three-dimensional continuous 

network of amylose is formed in which swollen granules are trapped. This forms the 

continuous phase of the newly formed starch gel in which water dispersed. This starch 

mixture is transformed into a gel and no longer have exhibits flowed properties.  

 

Factors affecting the gelation:  

1.  Type of starch – 

a. Straight chain amylose form bond easily  

b. Branches amylopectin prevent formation of firm gel.  

c. Starch high in amylase – form low concentrated gel  
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d. Starch locking amylose – form high concentrated gel  

2. Concentration of starch  

a) Corn starch at 10% concentration forms a firm gel.  

b) Waxy starch at 30% concentration forms a firm gel.  

c) Starch containing large amounts of amylose will form gel at low concentration.  

3. Duration of heating  

 Prolonged heating results in fragmentation of amylose and formation of a 

weak gel with a pasty texture.  

4. Stirring  

 Vigorous stirring during heating results in fragmentation of amylose. 

5. Other ingredients  

 sugar produce delicate gel  

 Acid  added before gelatinization produce tender gel  

 

Aging of gel/Syneresis   

 

In starch gel, water is also bind by hydrogen bonding to amylose molecules and starch 

granules which form the matrix of the gel. When a gel stale or its structure is disrupted by 

cutting the gel, water which is trapped in the gel is released and gel collapses. This ‘weeping’ 

or loss of moisture from a gel is called syneresis.  

 

Retrogradation  

 

In a very dilute solution of starch, the individual amylose molecules are not sufficiently 

entangled to produce a gel so that the growing micelles eventually cause precipitation. This is 

known as “retrogradation.”  

 The rate and extent of reterogradation is influenced by temp, size, shape and 

concentration of starch.  

 Retrogradation is more rapid at temperature near 0°C. It occurs when starch gel 

becomes stale or when it is frozen.  

 Bread and starch-thickened puddings stored in the refrigerator develop undesirable 

textural changes due to retrogradation by formation of crystalline aggregates of 

amylose.  

 

Glycogen 

 

 Glycogen is the stored polysaccharide in animals and hence is sometimes called 

animal starch.  

 This is mainly present in liver and skeletal muscle.  

 It is a branched – chain polysaccharide resembling amylopectin rather than amylose, 

but is more branched than amylopectin.  
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Cellulose 

 Cellulose makes up > 25% of cell walls in higher plants. It is composed of long chain 

of glucose residue with (β-1,4) linkages.  

 It has very high molecular weight. 

 It is fibrous polysaccharide and does not dissolve in water but dissolve in alkali.  

 Cellulose is not digested in human system and act as roughage or dietary fibre.  

 It can be broken down to glucose by certain microbial enzyme (in the rumen of 

animals). 

 

Application of cellulose 

i. Avicel is partially hydrolyzed cellulose and is sometimes added to food to 

contribute bulk without calories.  

ii. Carboxymethyl cellulose (CMC) used in the manufacturing of ice cream, to 

provide good body, smooth texture, retards enlargement of ice crystals during 

storage and improves the melting characteristics of ice cream.  

iii. Other derivatives of cellulose hydroxypropylmethyl cellulose, methyl-mathyl 

cellulose etc. also finds use ion food industries.  

 

Hemicellulose 

 

 Hemicellulose is a polysaccharide which is insoluble in water but soluble in alkali.  

 It helps cement together closely packed cellulose microfilaments.  

 Together with cellulose, hemicellulose forms a portion of undigested carbohydrate 

and is therefore a dietary fibre.  

 It helps in retard enlargement of ice crystal during storage.  

 It provides smooth texture in ice cream.  

 It is composed of pentoses like xylose, hexouronic acid, L- mennose, L- rhamnose 

etc.  

 It is the constituent of dietary / crude fibre  

 

 

Pectin 

  

 It is a biopolymer of D-galacturonic acid and soluble polysaccharide present in cell 

wall of all plant tissues.  

 It is structural hetero polysaccharide.  

 During fruit ripening, pectin is broken down by enzymes pectinase and pectin esterase 

(in this process fruit becomes softer as the middle lamellae break down and cell 

become separated from each other.  

 In human digestion, pectin binds to cholesterol in the gastro-intestinal tract and slow 

glucose absorption by trapping carbohydrates. Pectin is thus a soluble dietary fibre.  
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 In nature, around 80% of carboxyl group of galacturonic acid are esterified with 

methanol. The ratio of esterified to non esterified galacturonic acid determine the 

behavior of pectin.  

 

Agar 

 

 It is a polysaccharide complex extract from algae (Red and brown algae).  

 It is a sulphonated mucopolysaccharide containing mainly D-galactose, D-

glucouronic acid and 3,6 anhydro L-galactose.  

 Main source of agar is red sea weed eg – Gelidium.  

 It forms the strongest and most stable gels at lower concentration.  

 Agar gels are transparent and reversible upon heating and cooling.  

 It is used in several food products as stabilizing agent.  

 It is mainly used to prepare culture media for microbiological purpose.  

Algin 

 Algin is sodium alginate, the sodium salt of alginic acid.  

 It is extracted from brown algae and composed of D-mannuronic and D-galacturonic 

acids.  

 It is available as a cream –colored powder soluble in water, which can form a viscous 

gel.  

 Algin and alginates are used as stabilizers in the preparation of ice cream and other 

dairy products.  

 They prevent formation of ice crystals during freezing and give good whipping 

ability.  

 They are used in cakes, fruit drinks, milkshakes, desserts, sugar confectionary and 

wines.  

 

Gums 

 

 These polysaccharides are extracted from seeds (locust bean gum and guar gum) trees 

and shrubs (gum Arabic, gum tragacanth, gum karaya and ghattigum).  

 They are important for their thickening ability, stabilizing action in emulsion, 

retarding crystals in sugar etc.  

 Some microbial gums are also find use in food such as dextran and xanthan.  

a) Dextran 

 Dextran is formed by action of Leuconostoc mesenteroids on sucrose.  

 It consisting of α–D-glucose units [95% units being linkedby α-(1-6) and 5% 

by α-(1-3) linkage]. 

 Dextran has molecular weight below 100,000 so it is reading soluble in water.  

B) Xanthan  

 Xanthan is formed by action of Xanthomonas comestris on D–glucose.  
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 It contains D-glucose, D-mannose and D-galacturonic acid and has a high 

molecular weight.  

 It dissolves in cold water and used as thickner, stabilizer, emulsifier, 

suspending agent, bodying and foam enhancer.  

 

Saccharification 

 

Carbohydrate is breakdown down into its component sugar by hydrolysis is called 

saccharification. It is degradation of a substance. The enzymes that hydrolyse glycosidic 

bonds are called glycoside hydrolases or glycosidese. OR Hydrolysis of polysaccharide to 

soluble sugar is termed as saccharification 

 

 

eg. a) Sucrose                              glucose + fructose  

       

      b) Lactose                              glucose + galactose  

 

    c) Malt Maltose 

 

    d) Cellulose       Cellobiose  glucose 

 

****************** 

 

 

Invertase 

Lactose 

β-amylase 

Cellulase β-glucosidase 
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LIPID 

Introduction 

 Fats and oils are organic compounds composed of C, H and O. They are collectively 

known as lipids. 

 Lipid contains a smaller proportion of O2 and larger proportion of H2 and C. This is 

why lipid provides more energy per gram than carbohydrates. 

 It provide 9 kcal/ gm energy. 

Structure 

 Lipids are composed of glycerol and fatty acid linked together to form an ester. The 

most common form of food fats are triglycerides. This is the maximum number of 

fatty acids that can be attached. 

CH2OH  O CH2O.CO.R 

CHOH  +  C    R        CHOH  + H2O 

(water) 

CH2OH  OH    CH2OH 

           (Glycerol)         +      (Fatty acid)                              Simple fat (mono glyceride)  

                                                                                                            

 

CH2    O     CO    R   

CHOH     O    CO     R  

CH2OH    O CO    R  

                 Triglyceride                                     

                                                                                                          

Classification of lipid 

A) Based  on origin: 

 Animal fats: 

o Solid at room temp 

o Examples: Butter (from milk), Lard (from hogs), Tallow (from beef) 

and Suet (from sheep &oxen) 

 Marine oils 

o Cod liver oil, Shark liver oil, Halibat oil and Whale oil 

 Vegetables oil: 

o Liqid at room temp. 

o They can further classify into two parts 

i. Fats: Cocoa butter, Coconut oil, Vanaspati, Palm oil, Palmolein 

ii. Oils: Ground nut, sesame, sunflower, Rice bran, corn, mustard 
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B) Based on degree of saturation: 

Lipids 

 

Fats +oils 

 

Glycerol + Fatty acids 

 

Saturated (no double bond)      Unsaturated  

 

                                                              Monounsaturated                 Polyunsaturated 

          (one double bond)         (2 or more double bond)   

 



PROTEINS 

Proteins are complex organic molecules made up of carbon (C), hydrogen (H), 

oxygen (O) and nitrogen (N). Some protein also contains sulphur (S) and phosphorus (P) 

along with traces of other elements. 

Basic structure of proteins 

Proteins are made up of amino acids, which are organic acids with a carboxyl group 

(COOH) and amino group (HN2) attached to a carbon atom.  

  

 

 

 

Where, R is the functional group or amino group which differentiates one amino acid from 

another. 

The C of carboxyl group of one amino acid combines with nitro group or amino group 

of another amino acid with the loss of one water molecule. This bond, which unites the two 

amino acids, is called a peptide bond. 

Primary structure 

 The nature of amino acid and their linear sequence in the polypeptide chain is referred 

to as the primary structure. 

Secondary structure 

 An extended peptide chain is not stable and it folds into itself. The three-dimensional 

manner in which relatively close members of the protein chain are arranged is referred 

to as the secondary structure. 

Tertiary structure 

 This structure of proteins defines a specific three-dimensional configuration. This 

involves the folding of regular units of secondary structure as well as structuring of 

areas of peptide chain devoid of secondary structure. 

 The folded proteins are held together by H-bonds formed between R-groups, by 

electrostatic interaction between possessing oppositely charged groups such as lysine, 

arginine, glutamic and aspartic acid, hydrophobic interaction between non-polar 

regions and covalent disulphite linkage.  

 In the formation of tertiary structure, all the polar groups on the surface of proteins 

usually accounts for their solubility in aqueous solution and the non-polar group 

(hydrophobic residue) are present in interior portion. 

                H 

NH2       C       COOH 

               R 



Quaternary structure  

 When a protein contains two or more polypeptide chains, the structure formed when 

individual polypeptide chains interact to form the native protein molecule, is referred 

as quarternary structure.  

 The bonding mechanisms holding protein chain together are same as tertiary structure 

but in quarternary structure disulphide bonds do not assist in maintaining these 

structures. 

Classification of protein 

A. Based on structure: 

i. Fibrillar /  Fibrous protein 

 The helix of protein molecule is stretched. eg. In muscle myosin helix is 

stretched.  

 They are relatively insoluble in water. 

 They are resistant to acid, alkali and moderate heat. 

ii. Globular protein 

 The helix is bending to give a compact shape. eg.  egg albumin, globin of 

haemoglobin 

 These proteins are soluble in water and water solution containing acid, alkali, 

salt and alcohol. 

 These proteins are easily affected by heat, so slightly increase in temperature 

or change in pH, protein gets denatured. 

B. Based on characterization: 

i. Simple protein 

 These proteins which yield amino acid after hydrolysis. 

eg: albumin in egg white, zein in maize, keratin in hair and globin in 

haemoglobin. 

ii. Compound or conjugated protein 

 These proteins are combined with a non-protein molecule. 

eg. Haemoglobin (protein + haem), casein (protein + phosphoric acid), mucin 

(protein + carbohydrate) and lipoprotein (protein + lipid) 

iii. Derived protein 

 This protein is produced by action of acid, alkali, heat or enzyme on native 

protein. 

  

 

 

 

 

Protein                           peptone                 polypeptide  dipeptide  

proteases 



C. Based on function 

i. Complete / First-class protein 

 This protein contains all amino acids. 

 They promote growth and maintain essential body processes. 

eg. animal protein from milk, egg, fish and meat etc. 

ii. Partially complete / Second-class protein 

 These do not contain all amino acid in required amounts. So they are capable 

of maintain life but cannot promote growth. eg. gliadin of wheat. 

iii. Totally incomplete protein 

 These are deficient in lot of amino acids. 

 They are incapable of meeting both major function of growth and repair of 

proteins. eg. zein in maize and gelatin 

  

D. Classification of simple protein based on solubility  

S. 

No. 

Name Solubility in 

Water Salt 

solution 

Acid / 

Alkali 

Alcohol 

(80%) 

Food Source 

1. Albumin Soluble Soluble - - Milk, egg, plant & animal cells 

2. Globulin - Soluble - - Milk, egg, plant cell, seed proteins 

3. Glutelins - - Soluble - Cereal grains 

4. Prolamins - - - Soluble Cereal grains 

5. Histones Soluble - Soluble - Glandular tissues, pancreas, thymus 

6. Protamines Soluble - Soluble - Fish, fish sperm 

7. Sclero-protein 

(albuminoids) 

- - - - Meat 

 

 



Amino acids 

Amino acids are building blocks of protein. There are 20 amino acids 

which are protein constituents. They contain both a basic amino group and an 

acidic carboxyl group attached to the same carbon atom i.e. called α-carbon 

atom. They also possess a third group referred to as the side chain denoted by 

letter ‘R’. General formula of an α-amino acid in the unionized and ionized 

condition is:- 

  

 

 

 

Classification of amino acids 

A. Based on requirement  

i. Essential amino acids 

 They do not form in the body and must be supply from outside. 

Examples: Methionine, Threonine, Tryptophan, Valine, Isoleucine, Lysine, 

Phenyl alanine, Histidine, Leucine. 

ii. Non-essential amino acids 

 They can build / made in the body itself, so not essentially required from the 

outside source. 

Examples: Alanine, Arginine, Asparagine, Aspartic acid, Cysteine, Glutamic 

acid, Glutamine, Glysine, Prolamine, Serine, Tyrosine. 

B. Based on side chain or charge 

i. Non-polar group 

 They are hydrophobic in nature. 

 When these amino acids are present in protein, they tend to fold into the 

interior of protein away from the surrounding aqueous phase. 

 Examples: Alanine, Valine, Leucine, Isoleucine, Proline, Phenyl alanine, 

tryptophan, Methionine 

ii. Polar uncharged R group 

 They are hydrophilic in nature. Their side chains ionize at physiological pH. 

Examples: Glycine, Serine, Threonine, Cysteine, Tyrosine, Asparagine, 

Glutamine 

iii. Negatively charged R group 

 Examples: Aspartic acid, Glutamic acid 

                H 

NH2       C       COOH 

                R 

Unionized 

                H 

+NH3     C       COO- 

                R 

Ionized 



iv. Positively charged R group 

 Examples: Lysine, Arginine, Histidine 

Proteins present in different foods 

A. Milk protein 

Milk is a solution of sugar lactose and water-soluble vitamins and minerals. It is 

colloidal dispersion of protein and an emulsion of fat in water. Water accounts for 87% of 

milk. In milk two types of proteins are available. 

i. Casein 

 It is exists only in milk and present in form of calcium-caseinate-phosphate 

complex. 

 It is found in colloidal state and it forms >80% of total protein in milk. 

 It may be precipitated by acid, rennet (enzyme), alcohol, heat and 

concentration. 

ii. Serum / whey protein 

 It is present in colloidal state and rich in riboflavin (vit B6). 

B. Meat protein 

In meat muscles three types of proteins are available.   

i. Contractile proteins: They are soluble in salt solution of high concentration. It 

include many types of proteins as follows: 

a) Myosine: It is major protein of thick filaments. 

b) Actin: It is major protein of thin filaments. 

c) Actomyosine: It is made by combining actin and myosine protein. This 

interaction is responsible for muscle contraction and relaxation.  This 

interaction of actin and myosin in the absence of ATP (after death) influences 

the quality of meat (post mortem changes). 

d) Tropomyosin: It also involve in muscle contraction. 

e) Troponin 

f) Actinin 

ii. Connective tissues: They are insoluble in nature and hold and support the muscles 

through the component of tendons and other tissues. They consist of various fibres, 

different cell types and amorphous ground substances (carbohydrate, protein and 

lipid). 

a) Collegen: It contributes to toughness of the muscles. 

b) Elastin: They are tougher than collegen and main component of ligaments. It 

is resistant to change during heating. 

C. Egg protein 

I. Egg white protein: Egg white contains a number of proteins frequently referred to as 

albumen. All egg white proteins are globular. 



a) Ovalbumin: It constituting 55% of egg white protein. It is 

phosphoglycoprotein and in solution is readily denatured simply by 

mechanical agitation (whipping) but is resistant to thermal denaturation. 

b) Conalbumin: This constitutes 13% of total egg white protein. It is easily 

coagulated by heat and easily bind with metallic ions (Fe3+, Al3+, Cu2+), 

forming heat stable complex. 

c) Ovomucoid: It constitutes 10% of total egg white protein. It is glycoprotein 

and exists in three forms and all of which are trypsin inhibitors. It resistant to 

heat denaturation in acid media but rapidly denatured in alkaline solution. 

d) Ovomucin: It is responsible for thickness of albumen and insoluble in water 

but soluble in dilute salt solution. It is 2% of total egg white protein. 

e) Lysozyme: 3.5% of egg white protein is lysozyme. This is an enzyme capable 

of lysing the cell wall of bacteria. It is heat sensitive. 

f) Avidin: It is 0.05% of the egg white protein. It bind with biotin and makes the 

vitamin unavailability. It is easily denatured by heat and cooked eggs do not 

affect the availability of biotin. 

g) Ovoglobulin:  It is excellent foaming agent. 

h) Ovoinhibitor: It constitutes 0.1% of total egg white protein. It is capable of 

inhibiting trypsin and chymotrypsin. 

 

II. Egg yolk protein: Major proteins of egg yolk are lipoprotein comprising 16 -18% of 

egg yolk solids. 

a) Phosvitin: It is 5-6% of yolk solids. It is rich in phosphorus and serine. It act 

as iron carrier of yolk because it bind tightly with ferric ions and form soluble 

complex. 

b) Lipovitellins: It is high density lipo-proteins comprising 16-18% of egg yolk 

solids. It contains 40% neutral lipid and 60% phospholipid. 

c) Livetin: It comprises 4-10% of egg solids. It is water soluble and rich in 

sulphur. 

d) Low-density lipoprotein: It has 0.98 density. It consists of 74% neutral lipid 

and 26% phospholipid. 

D. Cereal proteins 

All most all cereals contain albumin, globulin, prolamin and glutelin in different proportion.  

 Generally cereals are lack in lysine. 

 Wheat proteins are rich in glutamic acid and low in tryptophan. 

 Gluten is the unique protein especially present in wheat which makes it suitable for 

bakery purpose. 

 Gluten = Glutenin (glutelin group) + Gliadin (prolamine group) 

 Glutenin gives toughness and rubberiness to gluten while gliadin provides elasticity. 

  Rye also contain little amount of gluten. 

 Glutelin which is also known as oryzenin is the principle protein of rice. 



E. Millets proteins  

 All most similar to cereal proteins except some different proteins as follows: 

  In corn: zein protein is present in corn which is alcohol soluble protein. Maize protein 

is deficient in tryptophan and lysine. 

 In sorghum / Jowar protein lysine, methionine and cystein are present in low amount. 

Some variety of sorghum contain excessive amount of leucine amino acid.  

 In finger millet / Ragi major proteins are prolamins and glutelins. 

 In pearl millet / Bajra protein contains high amount of prolamine followed by globulin 

and albumin. Among the proteins tryptophan content is high and lysine is too low. 

F. Pulse proteins 

Usually pulse proteins are low / lack in methionine. 

G. Commercial proteins 

I. Pulse protein concentrate 

 Separation of digestible protein from indigestible portion of pulse is of great 

nutritional and economic importance.  Such protein extracts have been made 

from soybean and groundnut cake.  

 Such protein concentrate are free from anti-nutritional factors.  

 Protein concentrate contains 70% of protein. 

II. Pulse protein isolate 

 It is similarly prepared as protein concentrate but protein content is high i.e. 

90% protein. 

III. Textured vegetable protein (TVP) 

 Plant proteins can be used to produce textured protein products, also called 

protein analogs.  

 TVP manufactured from soybean, ground nut and other oil seeds; green 

leaves; grass and certain species of microorganisms such as yeast, mold, 

bacteria and algae. 

 These proteins are available in market in the form of granules, nuggets, cubes 

or slices.  

 

 



Denaturation of proteins 

Introduction 

Denaturation of proteins defined as any non-proteolytic modification in the original 

structure of the native protein, giving rise to definite changes in physical, chemical and 

biological properties. Denaturation is brought about the following: 

 Denaturing agents such as acids, alkalis and salts etc. 

 Increase in temperature 

 Extensive beating 

Stages of heat denaturation 

I. Involves structural alternation (unfolding of helix of protein molecules as the cross-

links holding the helix disrupted). 

II. Protein is coagulated and forms a gel. 

III. If the liquid separated from the coagulated protein, the protein said to be precipitated / 

flocculated i.e. curdling takes place. 

Factors affecting denaturation 

a) pH 

 At lower pH (4.6) the milk is curdled and egg protein is coagulated. 

b) Heat: 

 Temperature below 100ºC, slow the coagulation and coagulated protein is soft 

and easily digested. Example: Poaching. 

 If the temperature above 100ºC, coagulation is fast but coagulated protein is 

hard and more difficult to digest. Example: boiling and roasting 

c) Surface denaturation 

 It is occur by mechanical means. Example: beating of egg white or milk to 

foam. 

 If such foam is heated, it becomes firm due to coagulation of ovoalbumin. 

 If pH is at isoelectric point (4.6), coagulation occurs faster. Hence acidic 

substances (lime juice) are added when whipping the egg white. 

d) Salts 

 At high of salt, it precipitates proteins out of solution and disperses them. 

e) Moisture 

 Less denaturation occur at low moisture than high moisture at same 

temperature. 

Effect of denaturation  

a) Denatured proteins are easily attacked by proteolytic enzymes, eg. Cooked meat is 

more easily digested than raw meat. 

b) Solubility is reduced. eg. Cooked egg white is not soluble in water. 



c) They lose their biological activity as enzymes are destroyed, eg. Browning does not 

take place in boiled potatoes. 

d) They lose their ability of crystallize. 

e) Viscosity of food is enhanced due to denaturation. 

f) Improve flavour and texture, eg. Cooking improves flavour of meat and egg give 

structure and improve texture of cake. 

g) Denaturation of food is irreversible unless it occurs under very mild conditions. 
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FATTY ACIDS 

A fatty acid is a long chain carboxylic acid, CH3(CH2)n COOH. Most fatty acids are 

linear but some are branched-chain and cyclic form also available in nature. 

Types of fatty acids:  

1. Saturated fatty acids 

 They are straight chain fatty acids. Generally C16 and C18 are found in most animal & 

vegetable fats. Examples are:  

o Butyric acid (tetranoic acid) - CH3(CH2)2COOH 

o Valeric Acid (Pentanoic acid)  - CH3 (CH2)3 COOH 

o Caproic acid (Hexanoic acid) - CH3 (CH2)4COOH 

o Enanthic acid (heptonic) -   CH3 (CH2)5COOH 

o Caprylic  (octanoic)   - CH3 (CH2)6COOH 

o Capric(Decanoic)   - CH3 (CH2)8COOH 

o Lauric    (Dodecanoic)   - CH3 (CH2)10COOH 

o Myristic    (tetradecanoic) - CH3 (CH2)12COOH 

o Palmitic (Hexadecanoic)  - CH3 (CH2)14COOH  

o Stearic (Octadecanoic ) - CH3 (CH2)16 COOH 

o Arachidic (Eicosanoic)  - CH3 (CH2)18COOH 

o Behenic (Docosanoic)  - CH3 (CH2)20COOH 

o Lingnoceric (teracosanoic)  - CH3 (CH2)22COOH 

 Saturated fatty acids with C4 – C10 found in milk, C12 – C24   in most animal & 

Vegetable fats,  > C24  are present in waxes. 

 

2. Unsaturated fatty acids   

 Unsaturated fatty acids are differing with respect to number of C-atoms and double 

bond. They are further classify as: 

a) Monounsaturated fatty acids: Containing one double bond in their structure.  

Examples: 

Myristoleic acid (C14)   - CH3-(CH2)3 – CH= CH – (CH2)7 COOH 

Palmitolecic acid (C16)    - CH3-(CH2)5– CH= CH – (CH2)7 COOH 

Oleic acid (C18)            - CH3-(CH2)7 – CH= CH – (CH2)7 COOH 

 

b) Polyunsaturated fatty acids: they contain 2 or more double bond in their 

structure.  

Examples: 

linoleic acid (double bond at C 9, 12)/ ω6 fatty acid   

CH3 – (CH2)4 – CH= CH- CH2- CH=CH – (CH2)7 COOH 

Linolenic acid /ω3 fatty acids (C9, 12, 15) 

CH3 – CH2- CH=CH-CH2- CH= CH-CH2-CH=CH- (CH2)7 –COOH 

Arachidonic acid (C5, 8, 11, 14) 
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CH3- (CH2)4- CH=CH-CH2-CH=CH-CH2-CH=CH-CH2-CH=CH- (CH2)3-

COOH 

Essential fatty acids 

 They are not formed in animal body.  

 Therefore, they must be supplied in the diet from the plant source. e.g. linoleic acid, 

oleic acid etc. 

Properties of fat & Oil (Physical) 

 Fats are insoluble in water and soluble in fat solvent such as ether and acetone. 

 They are greasy to touch. 

 They have specific gravity less than one. 

 At room temperature fats are solid due to high percentage of saturated fatty acids. Olis 

are liquid because of the higher percentage of unsaturated fatty acids. 

 Fats do not melt sharply over a wide range of temperature due to triglyceride in the 

structure each one having its own melting point. 

 The spreading quality of a fat is due to its plastic nature. Solid fats which spread are 

composed of a mass of tiny crystals in a matrix of liquid fat. The crystals slide over 

one another as they are not trapped in the liquid oil and permit the fat to be deformed. 

  When fat or oil is heated, the temperature at which a thin bluish smoke is given off is 

called smoke point.  Fats used for deep fat frying should have a high smoke point. 

 When fats and oils are heated to high temperature, the fat is decomposed into glycerol 

& free fatty acids. Glycerol is further broken down by high temperature and produce 

acrolin.  Acrolein has a sharp odor and irritates the nose, throat and eyes. 

 Iodine value is a measure of the extent of unsaturated fatty acids present in fats and 

oils.  

 Viscosity increases with an increase in the average chain length of fatty acids in 

triglycerides and decreases with increase unsaturation. Viscosity is important factor 

during designing systems for handling fats. 

 Cold test (measure of the time required for an oil to develop a cloudy appearance 

when held in an ice bath) is useful to determine the use of oil for salad dressing. 

 Refractive index of fat increases with the increasing chain-length of fatty acids in 

triglycerides or with increasing unsaturation. It is used during hydrogenation process. 

 Polymorphism: it is a phenomenon in which a substance occurs in different 

crystalline form. eg. existence of C in common black and in diamond. 

o Certain triglycerides are found to exist in polymorphic forms. The form have 

different melting point 530, 64.20& 71.70 C. 

o Newly processed fats may not be in the polymorphic form and physical state 

in which they are most useful.  

o A process which permits the formation of the proper polymorphic form is 

known as tempering. It is done by controlled removal of heat of 

transformation during crystallization. 
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 Shortening: it depends on the incorporation of air, plasticity and consistency, solid- 

liquid ratio. 

Chemical properties of lipids 

 The most important chemical reaction of neutral fat is their hydrolysis to yield three 

molecules Alkali hydrolysis (saponification)The process of alkali hydrolysis is called 

'saponification'  

 The alkali salt of fatty acid resulting from saponification is soap.  

 The soaps we use for washing consists of Na or K salts of fatty acids like palmitic, 

stearic and oleic acid. 

 The potassium soaps are soft and soluble whereas the sodium soaps are hard and less 

soluble in water. 

 Enzyme hydrolysis 

o Hydrolysis of triacylglycerol may be accomplished enzymatically through the 

action of lipases.  

o Lipases are widespread in both plants and animals 

Saponification value 

  It is mg of KOH required to saponify 1gm of fat. 

 Saponification number is high for fat or oil containing low molecular weight or short 

chain fatty acids and vice versa. 

 It gives a clue about the molecular weight and size of the fatty acid in the fat or oil. 

 

 

Reichert Meissl (RM) value 

 It is no. of ml of N/10 or 0.1 N NaOH required to neutralize water soluble and volatile 

fatty acids distilled from 5gm of fat. 

 This is a measure of the volatile soluble fatty acids 

 It is confined to butter and coconut oil 

 The determination of Reichert-Meisel number is important to the food chemist 

because it helps to detect the adulteration in butter and ghee 

 Reichert-Meisel value is reduced when animal fat is used as adulterant in butter or 

ghee. 

 

Polenske Value (PV) 

 It is amount of N/10 or 0.1 N NaOH required to neutralize water insoluble and 

volatile fatty acids distilled from 5 gm of fat. 

Iodine value 

 It is measures the degree of unsaturation in fat/ oil. It is gm of I2 absorbed by 100 gm 

of fat. 

http://ecoursesonline.iasri.res.in/mod/page/view.php?id=9327
http://ecoursesonline.iasri.res.in/mod/page/view.php?id=9327
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 Since the quantity of the iodine absorbed by the fat or oil can be measured accurately, 

it is possible to calculate the relative unsaturation of fats or oil 

Rancidity 

 The change that a lipid undergoes leading to an undesirable flavor and odor is known 

as rancidity. 

 The stability of a fat or fatty food is important to maintain a fresh taste or odor during 

storage and use.  

 The stability is related to the composition of the lipid moiety and changes it is 

subjected to the presence of agents causing oxidation (pro-oxidants) or preventing 

oxidation (anti-oxidants) and the method of storage determine their stability.  

 Vegetable fats are more stable than animal fat even though the total unsaturation of 

vegetable oils may be greater because of the natural antioxidants usually present in 

plant fat. 

 



BROWNING REACTIONS 

Introduction 

It is the process of food turning brown due to the chemical reactions that take place 

within the food during preparation, processing or storage. This produce changes in color & 

flavour that are often desirable in some products like crust of bread or undesirable as in 

discoloration in milk products. 

Types of browning reactions 

Basically there are two types of browning reactions: 

1. Non enzymatic browning 

 In this type of browning no enzymes are involved to bring about the colour 

changes. 

 It includes caramelization, maillard reaction, lipid peroxidatio & degradation 

of ascorbic acid. 

     

2. Enzymatic browning 

 Enzymes especially polyphenol oxidase is involved for browning. 

 

Non enzymatic browning 

Maillard reaction 

 Reaction of amino acids (free group of amino acid such as NH2) & carbonyl 

group of reducing sugars produces a brown colour product i.e. melanoidin. 

 The aroma & flavour of the product is also affected. 

 This reaction is also known as carbonylamine reaction or protein sugar 

reaction. 

 The reducing sugars, in order of decreasing reactivity are: galactose, glucose, 

lactose and maltose. 

 The most reactive amino acids are lysine, tryptophan and arginine. 

 The initial step is a condensation reaction that removes a molecule of water. 

 

Glucose + amino group 

 

     Glycosylamine 

 

 Ketones derivatives 

 

Melanoidins (Browning pigment) 

Fragmentation & polymerization 

Amadori rearrangement 



 The characteristic flavour is developed in different foods due to this reaction 

are as follows: 

Beer  - Glycine 

Fresh bread - Leucine 

Maple syrup -Aminobutyric acid 

Factors favours the maillard browning 

a) High temperature 

b) Moisture (certain amount of moisture i.e. 13% flavours the reaction and very high & 

very low levels will reduce the rate of reaction) 

c) pH value  (accelerated by increase in alkalinity i.e. pH > 7.8) 

d) concentration & type of amino acid & sugar present 

e) presence of catalyst (accelerated by presence of metals like copper & iron) 

Advantages of maillard reaction 

o Changes in colour, flavour & aroma during roasting of coffee beans & nuts 

o Improve in the quality of bread 

o Improve flavour of meat extract, breakfast cereals & all bakery products 

Disadvantages 

o Generally responsible for certain unwanted effects in dried foods such as: 

 Off-odour 

 Off-flavour – mild, stale or bitter 

 Off-colour -  ranging from mild cream to nearly black 

o Dried milk powder & condensed milk darken on storage for a long time. 

o Coconut turns saffron in colour 

o There is some loss of nutritive value because nutrients involve in the reaction. 

o Loss of protein quality (due to loss of amino acids) 

Caramelization 

 Caramelization or sugar browning occurs when any of the different types of 

sugars are heated over their melting points. 

 When heated by dry heat, granulated sugar will melt at approximately 160ºC 

(325ºF) with continued heating the melted sugar will gradually turn brown to 

form caramelized sugar.  

 The extreme heat pulls water out of the sugar molecule to form furfural 

derivatives that undergoes a series of reactions that are polymerized to brown 

coloured compounds. 

 Darkening of syrup, brown colour of candies such as caramel, taffy and brittle 

are because of caramelization reaction. 

 Entire caramelization reaction is a dehydration reaction. 



 Caramel is used to flavour and colour alcoholic beverages, soups, gravies, 

sauces, soup cubes, cake mixes, coffee products, canned meat products etc. 

Glucose  

 

1,2 enol 

 

   5-hydroxy methyl, 2-furaldehyde 

     (Caramel-Browning pigment) 

 

Factors affecting the caramelization reaction 

a) Heat: High temperature is necessary. Temperature can be lower down by adding 

catalyst. 

b) pH: Both acid & alkali increases browning, but alkali are more effective. 

c) Type of sugar: fructose shows the greatest degree of browning followed by sucrose. 

Glucose shows least browning. 

d) Presence of catalysts: metals such as iron & copper accelerate the rate of reaction. 

Ascorbic acid browning 

 Ascorbic acid present in many fruits such as citrus fruits, berries etc which undergo 

oxidation with the formation of compound i.e. furfural which is a brown coloured 

pigment.  

 The oxidized ascorbic acid hastens the degradation of the red pigment of anthocyanin 

giving the product a dull brownish colour.  

 This type of browning is seen in preserves. 

Ascorbic acid    Furfural + CO2  

Factors affecting ascorbic acid browning 

a) Presence of oxygen 

b) Reducing sugar present 

c) High pH 

d) Warm storage temperature 

Lipid browning 

 This type of browning is seen in fats and fatty phases of food. 

 The amino groups of phospholipids and lipoproteins can react with aldehydes and 

reducing sugars resulting in browning. 

 This type of browning is quite uncommon and may be observed in fats stored for long 

periods. 

Acid degradation 

Polymerization 



   Lipid    peroxides      aldehyde & ketones (give off flavour)  

Enzymatic browning 

 When certain fruits & vegetables are cut or bruised, the tissue expose to the air 

quickly darkens.  

 By the time the tissue is exposed to oxygen, phenolic enzymes (phenolases) bring 

about oxidation of the phenols in the food and brown or grey black pigments called 

melanins are formed. 

 Phenolases are found in many plants with especially high amount in potatoes, 

mushrooms, peaches, banana, avocado and tea leaves. 

 However, the browning that occurs in tea leaves is beneficial as it imparts their 

characteristic colour. 

 This browning is takes place only in fruits & vegetables which contain phenolic 

compounds. 

 These phenolic compounds act as substrate, and in the presence of oxygen and 

enzyme, it converted into melanins (brown coloured compound). 

 Some phenoilc compounds are: tannin, tyrosine, catechol, protocatechuric acid, 

caffeic acid, catechin etc.   

 Phenol oxidase enzymes are: polyphenol oxidase, catechol oxidase etc. 

 

Phenolic compound  Quinone      melanin  

Prevention of enzymatic browning 

a) By inactivating enzymes: enzymes can be inactivated by following measures. 

 Application of heat (blanching) 

 Addition of salt: Chlorine inhibits the enzyme activity. 

 Lowering the pH by addition of acid such as ascorbic acid, malic acid, citric 

acid & lime juice. 

 Chilling of foods below temperature optimum for enzyme activity: Optimum 

temperature for enzyme to act is 43ºC (109ºF). In cold storage the browning 

reactions slow down. 

b) By avoiding contact with oxygen 

 Coating of fruits with sugar 

 Immersing vegetables in water 

 Vacuum packing 

c) By elimination of substrate 

d) Sulphuring of fruits prior to dehydration 

 Sulphur prevents oxidative browning due to enzyme activity. 

 Treatment with SO2 gas or sulphurous acid solution (H2SO3) or 0.25% sodium 

sulphite for 45 sec is adequate to prevent browning. 

Polymerization O2 & enzyme 

Decomposition Oxidation 



RANCIDITY 

Introduetion 

The change that a lipid undergoes leading to an undesirable flavor and odor is known 

as rancidity. 

The stability of a fat or fatty food is important to maintain a fresh taste or odor during 

storage and use. 

The stability is related to the composition of the lipid moiety and changes it is 

subjected to the presence of agents causing oxidation (pro-oxidants) or preventing

oxidation (anti-oxidants) and the method of storage determine their stability. 
Vegetable fats are more stable than animal fat even though the total unsaturation of 

vegetable oils may be greater because of the natural antioxidants usually present in 

plant fat. 

Types of rancidity 

1. Hydrolytic rancidity 

Triglyceride hydrolys Glycerol +free fatty acid 

Usually it occur in fats containing short chain (<14 carbon atom) fatty acids. 

The rate of hydrolysis is increased by: 

Presence of moisture in oil 

Presence of enzyme i.e. lipases 

Micro-organism (yeast, mold, bacteria) contaminate the oil 
2. Oxidative rancidity 

The spontaneous uptake of oxygen by the unsaturated oils exposed to air is 

known as oxidative rancidity.

It is the most common and important type of rancidity. 

It is the most common and important type of rancidity which results in the 

production of rancid or tallow flavours. 

It is caused by the reaction of unsaturated oils with oxygen.

Moisture and impurities do not have any effect on oxidative rancidity. 

Pure and refined oils can turn rancid on exposure to oxygen. 

Oxidative rancidity is a complex process in the form of a chain reaction. 

Mechanism of oxidation: 
i. Initiation: formation of free radical. 

>R+R 
ROOH (Direct incorporation of O2 between a labile H2 to 

RH 

RH +O2 

form hydroperoxide) 

Propagation: During this chain reaction is continued to form peroxy radicals, ii. 

hydrogen peroxide and new hydro carbon radicals. 
R +O2 ROO 
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ROO +RH ROOH + R 

"natto: Interaction of two radicals terminates the reaction. Primay 

product of auto-xidation are hydroperoxide. 

R+R- 

iii. 

RR 

ROO +ROO ROOR+ R 
RO +R ROR 

ROO +R ROOR 

Factors leading to rancidity 

Temperature 
Moisture 

Oxygen 
Light 
Metals 

Degree of unsaturation 

Absence of antioxidants 

Prevention of rancidity: 
Store fat at low temperature in a cool and dark place. 

Use air tight containers. 
. Keep minimum head space. 

Do not keep strong smelling food in the vicinity of fats. 

Use stainless steel or aluminum utensils. 

Avoid exposure to light and air. 

Use of antioxidants: Natural Tocopherol/ Vit. E and lecithin 

Synthetic- Butylated hydroxyl toluene (BHT) 

Butylated hydroxyl anisole (BHA) 

tertiarybutyl hydroquinone (TBHQ) 

ANTIOXIDANT a 

Introduction 

Antioxidants are the molecules that prevent cellular damage caused by oxidation of 

other molecules OR they are a class of chemical substances naturally found in our 

food which can prevent or reduce the oxidative stress of the physiological system. 

The body is constantly producing free radicals due to regular use of oxygen. 

These free radicals are responsible for the cell damage in the body and contribute to 

various kinds of health problems, such as heart disease, diabetes, macular 

degeneration, and cancer. 
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Antioxidants being fantastic free radical scavengers help in preventing and repairing 

the cell damage caused by these radicals. 
Plants and animals are the abundant source of naturally producing antioxidants. 

Alternately, antioxidants can also be synthesized by chemical process as well as from 

the different kinds of agro-related wastes using biological process. 

Classification of antioxidant 

A. Natural Antioxidants 
o Natural antioxidants either are synthesized in human body through metabolic 

process or are supplemented from other natural sources, and their activity very 

much depends upon their physical and chemical properties and mechanism of 

action. 
This can be further divided into two categories, i.e., enzymatic antioxidants 

and nonenzymatic antioxidants. 

a) Enzymatic Antioxidants 

Enzymatic antioxidants are uniquely produced in the human. Examples: 

Superoxide dismutase (SOD): It removes the superoxide radical and 

repairs the body cells damaged by free radical. 

Catalase (CAT): Catalase along with glucose peroxidase is also used 

commercially for the preservation of the fruit juices, cream consisting 
of egg yolk, and salad by removing the oxygen 

Glutathione peroxidase (GPx) 
b) Non-enzymatic Antioxidants 

They are a class of the antioxidants which are not found in the body naturally 

but are required to be supplemented for the proper metabolism. Some of the 

known nonenzymatic antioxidants are: 

Minerals: They include selenium, copper, iron, zinc, and manganese. 

They act as cofactors for the enzymatic antioxidants. 

o Iron helps in reducing the oxidative stress. 

Magnesium maintains the normal redox state in cells 

Selenium in the presence of selenium (Se), glutathione 

peroxidase (GPx) plays a protective role against oxidation of 

lipid and protects the cell membrane. 

o Copper helps in chelating free radicals. 

Vitamins: They include vitamin A, vitamin C, vitamin E, and vitamin 

B 
Carotenoids: 

They consist of B-carotene, lycopene, lutein, and zeaxanthin. 

o They are potent antioxidant and is the most effective compound 

in removing singlet oxygen 

Polyphenols: 

Page 3 
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These consist of phenolic acids, flavonoids, gingerol, curcumin, 

etc. 

o They are excellent scavenger of free radicals in a food system. 

B. Synthetic Antioxidants 

Butylated hydroxyl toluene (BHTD 

Butylated hydroxyl anisole (BHA) 
Tertiarybutyl hydroquinone (TBHQ) 
Ethoxyquin 

Mechanism of Antioxidant Activity 

They help in delay the initiation reactions 

They also interrupted in propagation chain reactions by binding with free radicals. 

















Food Flavours 

 Flavour is a sensory phenomenon which is a combination of the sensations of taste, odour 

or aroma, heat and cold, and texture or “mouthfeel”. Appearance of a food is important, but it is 

the flavor that ultimately determines its quality and acceptability. Natural flavouring materials 

such as spices, essential oils and fruit juices have been used for long in food preparations but as 

their supply has not kept up with the demand, with consequent rise in their cost, natural flavouring 

agents have been largely substituted by synthetic ones. Thousands of these synthetic compounds 

are now being used as food additives.  

 There are four basic tastes: salty, sweet, sour and bitter.  

 Sodium chloride is the only salt that has a pure salty taste. Besides imparting flavor to food, 

it is also an essential nutrient. Other salts have different tastes, e.g., some iodides and bromides 

are bitter while some salts of lead and beryllium are sweet.  

 Sugar are used more to impart sweetness than flavor to food. Fructose present in honey is 

the sweetest sugar followed by sucrose and glucose, whereas lactose in milk is slightly sweet and 

gives less flavor. Natural sweet compounds are generally polyhydroxy compounds with a straight 

chain structure, such as sugars and the hexahydroxy cyclic alcohols, mannitol and sorbitol. Diverse 

compounds, such as saccharin, some peptides and cylcamates are also sweet.  

 Sourness of food is due to the presence of organic acids of which citric, tartaric and malic 

are the most common. Acetic acid produced by fermentation of alcohol is common in processed 

fruits. Ascorbic acid is abundantly present in fruits and vegetables. Oxalic acid found in spinach 

and phosphoric acid and its salts are often used in the food industry. It is  remarkable that the 

hydrogen ion is mainly responsible for sour taste. Except oxalic acid, all other acids are weak acids 

and the degree of sourness is not proportionately related to the hydrogen ion concentration.  

Bitterness may be due to alkaloids, glycosides, other classes of organic compounds as well as 

inorganic salts. Naringin the bitter principle of grapefruit is a glycoside of rutinose and is not toxic, 

while amygdalin, a glycoside present in bitter almonds contains gentiobiose and cyanide group, 

and it toxic. Mustard and horseradish contain the alkaloid sinigrin, which is harmful and gives an 

offflavour. Quinine, strychnine, nicotine, etc., are bitter alkaloids. Caffeine, a constituent of coffee 

and tea, is bitter. Phenolic compounds like tannin and some flavonoids combine bitterness with 

astringency.  

Flavour compounds  

 The substances mainly responsible for the aroma of food products are volatile compounds. 

These may be aliphatic esters, aldehydes, or ketones and are present in fruit and other natural foods 

in very low concentration: many thousands of natural flavouring compounds are known and in any 



one food there may be hundreds of these present. Some ofh te important groups of flavouring 

compounds are as under:  

1. Flavonoids: Flavonoids are responsible for the flavor of many fruits, e.g., orange, lemon 

and grapefruit peels contain a number of flavanone glycosides. Among these, hesperidin 

(orange and lemon) and naringenin (grapefruit) are the most common. Hesperidin is quite 

tasteless, whereas naringenin has an extremely bitter taste.  

2. Terpenoids: Terpenoids are ubiquitous in plant foods. They are the major components of 

citrus oils and contribute to the flavor of citrus fruits. Limonene, a monoterpene 

hydrocarbon, possessing a lemon-like odour constitutes approximately 90 per cent of most 

citrus oils. Naturally occurring oxygenated terpenes (mainly alcohols, aldehydes and 

ketones) provide the characteristics flavor of individual citrus species, e.g., neral and 

geranial of lemons and nootkatone (bicyclic sesquiterpene) of grapefruit.  

In the presence of air or dissolved oxygen terpenes undergo structural changes and 

hydration, hence citrus juice concentrates prepared by low-temperature vacuum 

evaporation are superior in flavor than those processed at high temperatures. Juices of 

certain varieties of orange and grapefruit become bitter when kept at room temperature for 

some time, due to the formation  of the bitter limonin from its nonbitter precursor (limonin 

monolactone) by the action of the organic acids present in the juice. This can be prevented 

by removing the precursor by exposing the fruits to ethylene before juice extraction, or by 

the addition of a specific enzyme to the juice to degrade limonin.   

3. Sulphur compounds: Certain volatile sulphur –containing compounds possess powerful 

and distinctive odours which contribute to both the pleasant and unpleasant aroma of many 

foods, e.g., vegetables belonging to the genus Allium (onion, garlic) and Brassica (cabbage, 

cauliflower, Brussels sprouts, broccoli).  

Vegetables of the Brassica family contain the sulphur compounds S –methylcysteine 

sulphoxide and thioglucosides. On cooking the vegetables the former is converted into 

dimethyl sulphide which is partly responsible for odour. However, the predominant odour 

is that of the isothiocyanates formed from thioglucosides by enzymatic hydrolysis. This 

occurs only after rupture of  the cells when enzymes convert the thioglucosides into the 

unstable thiohydroxamic-o-sulphate which too is unstable and undergoes spontaneous 

degradation to isothiocyanate.  

The sulphur volatiles responsible for the odour of onion and garlic are not present as such 

in the intact vegetable tissue, but are formed rapidly when the tissue is ruptured by cutting 

or chewing, by the action of an enzyme on a precursor. The precursors and the enzyme are 

present in different cells of the tissue and come into contact only when the cells are 

ruptured. The precursors are cysteine sulphoxide derivatives which on enzymatic 

decomposition are converted into flavor compounds.  The latter then undergo 

nonenzymatic degradation to more volatile compounds such as sulphides, disulphides and 

trisulphides.  



The characteristic odour of garlic is due to allicin, which is formed from the odourless alliin 

(S-2 propenyl cysteine sulpoxide) by the action of the enzyme allinase. Allicin then 

undergoes nonenzymatic decomposition to disulphide and thiosulphinate. The disulphide 

further decomposes into a complex mixture of monosulphide and trisulphide.  

The production of the volatile constituent of onion takes place similarly. Here the precursor 

S-1- propenyl cysteine sulphoxide is enzymatically cleaved to give propenyl sulphenic acid 

which is unstable and undergoes rearrangement to thiopropanal S-oxide, the lachrymatory 

factor in onion.   

4. Other volatile components: A number of other important volatile components contribute to 

the aroma of foods. In terms of aroma,  food can be classified into four groups, namely,  

(i) Those in which aroma is mainly due to one compound, e.g., banana (isopentyl 

acetate), organge (citral), almond (benzaldehyde);  

(ii) Those in which aroma is due to a mixture of a few compounds, of which one is the 

major component, e.g., apple (2-methyl butyrate and four minor components);  

(iii) Those in which aroma can be reproduced faithfully by the use of a large number of 

compounds, such as pineapple, walnut; and  

(iv) Those in which aroma cannot be reasonable reproduced by a mixture of specific 

compounds, e.g., strawberries, chocolate. 

 These volatile compounds can be classified into the following important groups:  

(A) Carbonyl compounds: Acetaldehyde contributes to the odour of butter, hexanal to that of 

apples, benzaldehyde is responsible for the aroma of almonds, cherries and peaches and 

geranial for that of lemon.  

Amongst ketones. 2,3—butanedione contributes to the aroma of butter, celery and some 

other foods. Acetophenone is responsible for the flavor of many foods.  

(B) Acids: Some acids have powerful odours. Acetic acid gives its characteristic odour to 

vinegar, and 2-methylbutyric acid to cranberries.  

(C) Esters: The aroma of fruits is also dueto esters, e.g., pentyl valerate (apple), methyl 

salicylate (grape), pentyl acetate (banana), octyl acctate  (orange), ethyl butyrate 

strawberry), bulyl acetate (raspberry and strawberry).  

(D) Hydroxy compounds: Amongst alcohols, cis-3-hexen-1-ol (tomato and raspberry), 1-

octen-3-ol (mushroom) and geosmin (dry beans and beetroot) are important.  

Among the phenols, phenol itself contributes to the aroma of some cheeses. Vinyl guaiacol 

is present in many foods, eugenol is an important component of oil of cloves but is also 

widely distributed and thymol is responsible for the odour of tangerine.  

Moreover, a number of odoriferous amines, and oxygen, nitrogen and sulphur heterocyclics 

are components of various foods.  

Types of flavor  

 The flavours of processed foods can be broadly classified into three types viz., Developed, 

Processes and Added.  



1. Development flavor: Flavour compounds that are formed during food processing may be 

either solids or volatiles and may originate from,  

(i) Fractionation, particularly during the manufacture of perfumes, and  

(ii) Decomposition or other reactions of food components.  

2. Processed flavor: Heating changes the flavor of many foods profoundly, e.g., coffee beans, 

peanut s, meat.  

3. Added flavor: These are added to confectionery, non-alcoholic beverages and other 

prepared foods, and are of two types.  

(i) Essential oils or oleoresins or other extracts of aromatic plants, e.g., peppermint oil, 

and  

(ii) Synthetic substances that may or may not occur in nature, e.g., benzal dehyde 

(almond), acethlmethylcarbinol (butter), citral (orange), eugenol (clove), limonene 

(lemon), vanillin (vanilla).  

Flavour additives  

 In case of certain flavours the substances responsible for them are difficult or impossible 

to isolate from natural sources such as strawberry, cherry and beans. These natural flavours have, 

therefore, to be imitated as far as possible by mixing a number of flavouring agents, natural and / 

or synthetic. The success of such an imitation is more a matter of art than of science and is judged 

by the consumer preference for the flavoured product. Both essential oils and synthetic flavouring 

agents must be used in accordance with good manufacturing practice the salient points of which 

are :  

(i) The amount added shall not exceed that reasonably required to accomplish the intended 

effect.  

(ii) Substances that may become part of the food as a result of manufacturing shall be kept 

as low as possible.  

(iii) The substance shall be of good grade.  

Moreover, a flavouring agent may not be added to a food for which there is a standard, 

unless the standard includes it.  

 

 

*************** 

  



Definitions  

Flavouring: It is a substance which can impart flavor and is generally used to impart taste or odour 

or both to a food.  

Aroma : It refers to a pleasant, often spicy odour, fragrance, or smell.  

Flavour : It is a blend of taste and odour perceptions experienced when food is in the mouth.  

Aftertaste: It is the flavor that lingers in the mouth after food has been swallowed.  

Flavor intensifier : It is a compound that enhances the flavor of other foods without contributing 

any flavor of its own.  

 The flavor of any food depends upon minute quantities of 100 or more chemicals that are 

present in food. These falvouring components are present in concentrations ranging from a few 

ppm to 0.1 per cent. Food flavours are broadly classified as natural food flavours. Processed 

flavours and added flavours which may be natural extracted flavours or syntheticflavours (Fig.8.2).  

Natural Flavours  

 These are usually extremely complex mixtures of many different substances. Sometimes, 

the flavour of a natural flavouring agent may depend upon a single substance, e.g., the flavor of 

clove oil is because of the chemical eugenol that constitute 85 per cent of clove oil or it may be 

present in extremely small amount, such as citral in oil of lemon which constitutes  

Food flavours  

Natural flavours : Herbs, Spices, Aromatic seeds, Fruits , Vegetables  

Processed flavours : Fermented , Baked, Toasted, Roasted, Caramelized  

Added flavours :  

Natural extracted flavours :  

Essential Oils: Clove oil, Menthol  

Essences: Vanilla  

Extracts: Yeast, Beef  

Synthetic flavours :  

Fruit flavours: (Blend of esters), Banana, Peach, Pineapple, Vanillin  

Savoury flavours: Chicken, Onion, Smoked  

5 per cent of the oil. Natural flavoring agents are composed mainly of aromatic organic compounds 

present as volatile essential oils or as non-volatile constituents such as resins and oleoresins. They 

are formed in the plant during normal plant metabolism and remain as such when the plant is 

harvested.  

Some Flavoursome Plant Products   

Herbs : Basil. Parsley, celery, thyme, mint, etc.  

Fruits: Orange, lemon, apple, banana, strawberry, Pineapple, etc.  

Spices: Cardamon, clove, turmeric, peppercorns, etc.  

Vegetables: Mushrooms, corn, peas, onion, garlic, cabbage, turnips, etc.  

Aromatic seeds :Aniseed, cumin, fennel, dill, caraway, etc.  



 The aroma of onion, garlic, cabbage, etc. is mainly due to sulphur – containing compounds. 

These vegetables should not be overcooked. Other flavouring components in vegetables are 

methanol, acetone, propanal, etc.  

 Fruits such as apple owe their distinct flavor to 131 chemical components, while fresh 

strawberries contain over 100 volatile components. The flavor and aroma of fruits and vegetables 

is because of the presence of volatile organic chemicals such as esters, aldehydes, acids, alcohols, 

ketones, and ether present as essential. Oils in natural foods.  

Herbs  Description  Herbs  Description  

Basil  Small leaves with pungent 

flavor  

Ajwain  Small round seeds with 

sharp pungent taste  

Bay leaf  Dried aromatic leaf of the 

laurel tree  

Allspice  Berries with flavor of 

cloves, nutmeg, and 

cinnamon  

  Aniseed  Seeds look like cumin and 

has delicately sweet 

liquorice aroma  

  Star anise  Pretty star-shaped fruit with 

aniseed flavor 

Chervil  Looks like parsley with 

delicate stem and soft, 

almost wilting leaves; has 

faint flavor 

Asafetida  Strong – flavoured dried 

resin with strong smell  

Chive  Tender green shoots with 

mild onion and scallion 

flavor 

Cardamom  Black large pods and green 

small pods with pleasing 

warm aroma  

Coriander/cilantro  Looks like parsley; 

piquant taste and intense 

flavor with a fresh 

pungency  

Chillies  Numerous varieties of dried 

ripened green chillies with 

varying degrees of pungency  

Curry leaves  Long slender shiny dark 

green leaflets: strong 

warm spicy aroma curry 

flavor 

Cinnamon  Delicate inner sweet and 

fragrant bark of small 

evergreen laurel-like trees  

Dill  Fine feathery green stands 

with sweet aromatic flavor 

of caraway and lemon  

Cloves  Dried unopened flower buds 

with a sweet pungent flavor 

and aroma  

Fennel  Fine wispy leaves with 

mild aniseed and dill 

flavor 

Coriander 

seeds  

Yellowish brown round light 

seeds with pleasant flavor 

Horseradish  Long tapering root with 

powerful smell and fiery 

taste  

Cumin and 

caraway seeds  

Caraway seeds are smaller 

new moon-shaped seeds 

resembling cumin; pungent, 

sharp, and astringent tasting 

seed  



Kaffir lime leaf  Looks like bay leaf but 

fresh, green and smaller 

with aromatic lime flavor 

  

Lemon grass  Pale green long sturdy 

leaves with distinct 

lemony flavor 

Fennel seeds  Sweet aniseed-like flavor 

Marjoram  Similar to oregano but 

slightly sweeter flavor and 

a sweet, almost perfumed 

aroma  

Fenugreek 

seeds  

Small aromatic curry 

flavoured hard beige-

coloured seeds 

Mint  Leaves of spearmint plant 

containing peppermint oil  

Galangal  Galangal is simila to ginger  

Oregano  Wild variety of marjoram 

with a stronger flavor; 

warm aroma and pleasant 

slightly musty flavor 

Garlic  Bulb with characteristic 

flavor of diallyl disulphide 

and high medicinal value  

Parsley  Refreshing flavor with 

grassy undertones  

Kokum  Dried sour fruit rich in 

anthocyanin  

Rosemary  Narrow spiky leaves with 

a fragrant evergreen smell  

Ginger  Rhizome or root with sharp 

burning sensory stimulation, 

used fresh or dried.  

Sage  Pale green leaves with 

earthy flavor 

Mace and 

nutmeg  

Mace is the outermost 

covering of the nutmeg fruit 

while nutmeg is the fruit; 

both have aromatic sweet 

and warm flavor 

Tarragon  Slender leaves with 

intense sweet 

aniseed/vanilla flavor  

Mango 

powder  

Substitute for tamarind and 

lime  

Thyme  Tiny greenish grey petals 

with pungent earthy flavor 

Mustard seeds  Hot pungent taste, small 

round black, brown and 

yellow seeds  

Wasabi  Root with delicate apple-

green flesh; f flavor milder 

than horseradish  

Pepper  Dried pungent small round 

berries, black, red, green and 

white in colour; also 

classified as condiment  

  Pomegranate 

seeds    

Dried seeds of fruit with 

sharp sour taste used for 

sourness  

  Saffron  Stigmas of a crocus which 

are dried and used for 

distinctive flavor and bright 

yellow colour; very 

expensive spice.  

  Tamarind  Sour, fruity flavor, brown 

bean-like seed pod  



  Turmeric  Rhizome with bright yellow 

colour used in curry powder  

  

  

 

 Some flavours in food  

 

 Natural flavours  

Foodstuff  Principal flavoring agent  

Mint  Menthol  

Thyme  Thymol  

Cloves  Eugenol  

Pepper  Piperidine  

Butter  Diacetal  

Orange  Limonene  

Lemon  Citral  

Garlic  Diallyl disulfide  

Turmeric  Curcumin  

 Synethetic fruit flavours  

Flavor  Chemical (mixtures of esters and alcohols) 

Banana  Ethyl butyrate +amyl acetate  

Peach  Benzaldehyde, benzyl alcohol  

Apple  Ethyl acetate  

Pineapple  Pentyl acctate 

Strawberries  Methyl and ethyl acetates propionates and 

butyrates  

 Flavor enhancers  

Foodstuff  Flavouring compound  

Chicken soup  Monosodium glutamate  

Mushrooms  Nucleotides, i.e., GMP Disodium 5-guanylate  

 

Taste components in fruits and vegetables  

Taste  Substance  

Sweet  Glucose, galactose, fructose, ribose, arabinose, and xylose  

Bitter  Quinine-like compounds  

Sour  Organic acids such as citric, tartaric, oxalic, malic, isocitric, 

succinic acid, etc.  

Salty  Small amount of salt  

 

 



 

***************** 
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Pigments 

 The first impression of a food is usually visual and a major part of our willingness to accept 

a food depends upon its colour. The colour of food may vary considerably, from place to place and 

from season to season, depending upon numerous factors. Colour can be on indicator of the many 

types of deteriorative changes undergoing by the food. The change of colour during the preparation 

of food is a useful index of the required degree of cooking. Colour also provides a useful guide to 

quality control and is used by the food processor as a criterion for selecting raw materials.  

 The characteristic colour of raw food is due to the natural pigment present in the plant & 

animal materials. Sometimes, artificial colour matter is added in the preparation of foods and in 

their processing.  

Chlorophylls 

 Chlorophylls are green pigments involved in photosynthesis in plant & some micro 

organisms.  

 There are a number of chlorophylls such as chlorophylls a, b, c and d; bacterio chlorophylls 

a and b, and chlorobium chlorophylls.   

 In foods only chlorophylls a and b, found in higher plants, are important. They are present 

in the leaves in chloroplasts, normally in the ratio 3:1, emdeded between a layer of protein 

and lipid with carotenoids alongside.  

 It is fat soluble pigment.  

 It is a complex molecule containing four pyrrolerings with magnesium in the centre.  

 Mg++ is most important for green colour of chlorophyll, once it is removed from chlorophyll 

molecule brown colour is produced.  

 Under acidic conditions, mg of the chlorophyll is replaced by Hydrogen (H+) giving 

pheophytins, with change in colour from green to dull olive brown.  

 The phytol group present in chlorophyll is removed by enzyme chlorophylluse, resulting in 

the formation of chlorophillides (green compound). If mg is removed from chlorophyllides, 

the corresponding pheopherbides are formed (dull olive brown). This reaction is responsible 

for deterioration of chlorophyll pigments during processing & storage of foods.  
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Chlorophyll                       Chlorophillides 

+H -mg -mg 

 

Pheophytin                       Pheophorbides 
(dull olive brown)                                                        (olive brown) 

 

 The colour change of chlorophyll is influenced by  

a. Time & temp of blanching  

b. Amount of acid produced during processing within the system & during storage.  

Preservation of green colour of heat-processed green vegetable  

1. Chlorophylly converted into chlorophyllides by the use of natural enzyme (chlorophyllare) 

because chlorophyllides are more stable than chlorophyll. 

2. Use low temperature for drying because this enzyme functions at temperature range of 65-

75°C.  

3. Use of alkalizing agents (NaHCO3) to neutralize the acidity.  

4. High temp short time (HTST) processing has also been used to stabilize the molecule during 

heat processing. However there is always some deteriorate of chlorophyll with storage, 

whatever the processing method used.  

Myoglobin 

 The colour of fresh muscle is due predominantly to myoglobin muscle pigments also 

includes cytochrome, haemoglobin, vit B12 & yellow coenzyme with cytochromes in the electron 

transport system in the cell.  

 Myoglobin combined with oxygen and converted into oxymyglobin which is bright red 

in colour.  

 On prolonged exposure to oxygen, the reduced form of iron of myoglobin get oxidized 

(Fe3+) resulting in the formation of met-myoglobin which is brown in colour. This is 

accelerated by high temp, O2 pressure, fluorescen and in candescent light, salt & 

presence of metals. In fresh meat, the production of indigenous reducing substances 

constantly reduces metmyoglobin to myoglobin.  

 -O2                      Oxidation 

Cholrophyllase 

-phytol 

-phytol 
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oxymyoglobin Myoglobin               Metmyoglobin 
    (bright red) + O2    (purplish)                    Reduction                           (brown) 

                             

 Myoglobin also combines with nitric oxide and form nitrosomyoglobin which is a stable 

red-pink pigment and iron remain in ferrous state.  

Meat + Nitrite Nitric oxide myoglobin                Nitric oxide myochrome 
                                                 (Nitrosomyglobin, pink color)      Heat              (More intense pink) 

 

 Carotenoids  

 Carotenes are a group of lipid- soluble hydro carbons & their oxygenated derivatives are 

called xanthophylls.  

 It is most widely found in green leaves, yellow & red fruits & many roots.  

 Carotenoids pigments include b-caroteno, zeakanthin, lycopene (intemato) capsanthin (red 

pepper), bixin (annutto) etc.  

 Carotenoids exist in crystalline or amarphaus solids, and also exist in c is and trds form. In 

nature, carotenoids, having only the trans configuration, which are stable structures, are 

found.  

 B-caratene is the precursor of vit A, it yields two molecule of Vit A.  

 The stability of carotenoids varies widely in foods. The pigments may …. Oxidize by 

reaction with atmospheric oxygen at rates depends on light, heat and presence of pro and 

anti oxidants.  

 In the presence of unsaturated fatty acids, lipoxygenases bring about the oxidative 

degradation of carotenes.  

 Carotenes can also change colour by undergoing isomerization from trans and cis 

configuration. This change is facilitated  

o Organge red colour ----- trans configuration  

o Lemon yellow -------- cis configuration  

o In the presence of acids and with temperature.  

 Carotene obtained from natural extracts from annatto, saffron, paprika, tomatoes etc are used 

as food colourants.  

 Extract from carrots, butter fat, palm oil (yellow colour) have B-carotene & thus show vit A 

activity.  
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Anthocyanins  

 These pigments are responsible for red, purple & blue colour of fruits, veg & flowers.  

 There are water soluble compounds.  

 Anthocyanins are polyphenols containing hydroxylgses  

 All anthocyanins are derivatives of the basic flavylium action structure. Due to presence of 

flavylium, anthocyanins are highly reactive.  

 The aglucene of an anthayanin is an anthocyanidin A no. of anthocyanidins are known. Six 

of them are imp. In foods. They are pelargonidin, cyaniding, delphinidin, peonidin, 

petunidin and malvidin.  

 The discoloration of anthocyanin depends on pH and temp.  

o At low pH – the colour anthocyanin is intense red at  

o At high pH- orange red to blue or purple  

 In presence of SO2, anthocyanin is bleached rapidly.  

 Ascorbic acid reacts with anthocyanin, resulting in degradation of both compounds. 

Oxidation of ascorbic acid is catalysed by Cu and Fe compounds and this result in a greater 

oxidation of anthocyanin. 

 Sugar also influences the stability of anthocyanin. Accelerated instability of anthocyanin in 

presence of sugar derivatives, ascorbic acid, amino acids and phenols may be due to actual 

condensation reaction of these compounds or their degradation product with pigment.  

 Many enzymes such as gycosidase, phenolases, peroxidases also bring about the degradation 

of anthocyanin.  

 Leucoanthocyanins are colour less compounds which, during processing & handling, are 

converted into colored products (anthocyanidins, red in color), due to this reasons some 

canned fruits develop colour with time.  

Colours Additives  

- Colour additive is any dye, pigment as substance that can impart colour when added or 

applied to a food, drug, cormetic or to the human body.  

Dyes – dissolve in water & are manufactured as powder, granules, liquid or other special 

purpose form. They can be used in variety of products (beverage, dry mixes, confectionary). 
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Lakes – are the water insoluble form at dye. Lakes are more stable then dye. Generally used 

for coloring of fat & oils, coated tablets, cake & chewing gums.  

Colours are added to make the food – attractive  

- To improve the aesthetic quality of foods,  

- To replace natural colour destroyed during processing  

- To insurje the batch to batch uniformity in processed food.  

- Serves as visual indication of quality.  

Natural colours  

1. Anthocyanin- It comprise a diverse group of glycosidic derivatives of the – phenyl 

benzophyrylium structure.  

- It impart blue, violet & certain red colour to many edible F & V.  

2. Carotenoids & xanthophylls –  

- Carotenoids comprise of aliphatic & alicydic unsaturjated terpenes (compared of eight 

isoprene units). It is oil soluble colours.  

- Carotenoid may be natural or synthetic : Natural extracts include annatto from the seeds of 

tropical plants.  

- Xanthophylls comprise a group of yellow carotenoid pigments closely related to carotenes 

but having keto or hydroxyl substitute  

- Most imp commercial carotenoids are B- carotene & canthaxanthis  

- kB carotene – precursor of Vit A  

3. Bixaorellana – Which contains bixin as main component.  

a. Saffron – contains – crocetin, B –carotene & zeaxanthe… 

b. Paprika ---- capsanthin & capsorubin  

c. Carrot ----  b & … carotenes  

d. Pink edible mushroom ----canthaxanthin  

e. Tomato --- lycopene  

f. Red palm oil --- lycopene &  lutein  

4. Betalaines – present in red beet root  

5. Caramel – complex polysaccharide. Prepared by heating a food grade carbo like glucose, 

sucrose or starch in the presence o catalyst (acetic sulfureeus or citric acid or bases like 

ammonia, CaOH & NaOH).  
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6. Curcumin – present in turmeric.  

7. Annatto – it is a yellow carotenoid preparation obtained from seeds of plant Bixa orellana.  

It is mixture of bixin + monomethyl ester of dicarboxyic  

Carotenoid compound + norbixin.  

- Commonly used in dairy products.  

- Cis form in reddish in colour  

- Trans form in yellow in colour  

Synthetic colour  

 The following synthetic colours are permitted to be used in foods under PFA rules. 

Colour Common Name 

Red  Ponceace 4R  

Carmosine  

Erythrosine  

Yellow  Tartrazine, sunset yellow FCF 

Blue  Indigo carmine  

Brillent blue FCF  

Green  Fast green FCF  

Non permitted colours  Rhodamine, orange G., Amaranth, Fast 

Red, Metanil yellow  
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                                                                  Bioactive compounds 

 
Introduction: 

Bioactive natural products have always played a significant role as novel therapeutically agents 

irrespective of their source of origin. They have a profound effect on human health by both direct 

and indirect means and also possess immense medicinal properties. Fruit and species are highly 

consumed throughout the world. Epidemiologic information supports the association between high 

intake of fruits and low risk of chronic diseases. There are several biological reasons why the 

consumption of fruits might reduce or prevent chronic diseases. Fruits are rich sources of nutrients 

and energy, have vitamins, minerals, fiber and numerous other classes of biologically active 

compounds. Moreover, parts of fruit crops like peels, leaves and barks also possess medicinal 

properties. The term "bioactive" is composed by two words: bio and active. In etymology: bio- 

from the Greek (βίο-) "bios" [bio-, -bio], refers: life. And –ctive from the Latin "activus", means: 

dynamic, full of energy, with energy, or involves an activity.  

  “A bioactive compound is a compound that has an effect on a living organism, tissue or cell. In 

the field of nutrition bioactive compounds are distinguished from essential nutrients. While 

nutrients are essential for the sustainability of a body, the bioactive compounds are not essential 

since the body can function properly without them, or because nutrients fulfill the same function. 

Bioactive compounds can have an influence on health”  

 

Bioactive compounds are essential and non-essential compounds (e.g., vitamins or polyphenols) 

that occur in nature, are part of the food chain, and can be shown to have an effect on human health. 

Bioactive compounds are also referred to as nutraceuticals, a term (coined in 1979 by Stephan 

DeFelice) that reflects their existence in the human diet and their biological activity. Bioactive 

substances present as natural constituents in food provide health benefits beyond the basic 

nutritional value of the product. 

 

Types:  

Fruits are abundant   in different bioactive compounds including phytochmicals ( Phenolic acids, 

flavonoids,  carotenoids, tannins, lignans and  stilbenes), vitamins (provitamins A, C, E and K), 

minerals (potassium, calcium and magnesium) and dietary fibers which play a critical role in 

human health by alleviating several chronic diseases mainly coronary heart diseases, cancers, 

diabetes, cataracts and so on. These compounds vary widely in chemical structure and function 

and are grouped accordingly. Some examples of bioactive compounds are carotenoids, flavonoids, 

carnitine, choline, coenzyme Q, dithiolthiones, phytosterols, phytoestrogens, glucosinolates, 

polyphenols, and taurine. Since vitamins and minerals elicit pharmacological effects, they can be 

categorized as bioactive compounds as well.  

 

https://www.sciencedirect.com/topics/food-science/carotenoid
https://www.sciencedirect.com/topics/food-science/flavonoid
https://www.sciencedirect.com/topics/food-science/phytosterols
https://www.sciencedirect.com/topics/food-science/polyphenol
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Health benefits: 

Bioactive compounds are particularly significant owning to their medical properties such as anti-

inflammatory, antimicrobial, antioxidant, anticancer and their preventive effects against several 

chronic diseases. The health benefits deriving from the consumption of certain foods have been 

common knowledge since ancient times. Bioactive compounds are molecules that can present 

therapeutic potential with influence on energy intake, while reducing pro-inflammatory state, 

oxidative stress, and metabolic disorders. Epidemiological studies indicate that high consumption 

of foods rich in bioactive compounds with antioxidant activity, including vitamins, 

phytochemicals, and mainly phenolic compounds, such as flavonoids and carotenoids, has a 

positive effect on human health and could diminish the risk of numerous diseases, such as cancer, 

heart disease, stroke, Alzheimer’s, diabetes, cataracts, and age-related functional decadence. The 

diversity of chemical structures of bioactive compounds influences bioavailability and biologic 

properties, while antinutritional factors can decrease the bioavailability of certain compounds or 

inhibit digestion enzymes. 

Food Sources: 

    Food bioactive compounds are extranutritional constituents that typically occur in small 

quantities in foods. Many foods, including fruits, vegetables, fish, seaweeds, herbs, cereals, 

legumes, nuts, olive oil, vegetables, fruits, tea, and red wine etc., are known to be excellent sources 

of bioactive compounds, such as carotenoids, phenolic compounds, terpenoids, fatty acids, and 

saponins, among others. Other bioactive compounds including carotenoids and organosulfur 

compounds have antioxidant properties, and some studies have demonstrated favorable effects on 

different diseases.  

Table 1. Bioactive compounds, their occurrence in foods, and health-promoting properties 

Bioactive 

Compounds 
Occurrence in foods Health-promoting property 

Flavonoids 

Flavones 

Luteolin 
Broccoli, green pepper, parsley, 

oregano, carrots, and rosemary 
Anticarcinogenic activity  

Apigenin 
Many fruits and vegetables, parsley, 

celery, celeriac, and chamomile tea 
Anticarcinogenic activity  

Tangeritin Citrus peels 

Antihypercholesterolemia effect 

antioxidant activity and 

anticarcinogenic activity  

Flavonol 

Quercetin 
Fruits and vegetables, especially 

onions, citrus, apples, dark berries, 

Encouraging blood flow and 

promoting cardiovascular health 

properties  
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Bioactive 

Compounds 
Occurrence in foods Health-promoting property 

grapes, olive oil, green tea, and red 

wine 

Kaempferol 

Apples, grapes, tomatoes, green tea, 

potatoes, onions, broccoli, brussels 

sprouts, squash, cucumbers, lettuce, 

green beans, peaches, blackberries, 

raspberries, and spinach 

Anticarcinogenic activity and 

antioxidant activity  

Myricetin 
Vegetables, fruits, nuts, berries, tea, 

and red wine 

Antiinflammatory activity, anti-

nonenzymatic glycation, and 

antihyperlipidemia  

Galangin Propolis 

Antimicrobial activity, antioxidant 

activity, anticarcinogenic activity, 

and antiinflammatory activity  

Flavanone 

Hesperitin Citrus fruits 

Antioxidant activity, 

anticarcinogenic activity, 

hypolipidemic activity, and 

vasoprotective activity  

Naringenin Grapefruits, oranges, and tomatoes 

Antioxidant activity ,  anti- 

inflammatory activity and immune 

system modulator  

Isoflavones 

Genistein Soybeans, legumes, and chickpeas 
Antioxidant activity and estrogen 

mimicking property  

Daidzein Soybeans and soy products like tofu 
Antioxidant activity and estrogen 

mimicking property  

Glycitein Soy products 
Antioxidant activity and estrogen 

mimicking property  

Vitamins 

Pyridoxal 
Meats, whole-grain products, 

vegetables, nuts, and bananas 

Reducing cardiovascular disease risk 

property and anticarcinogenic 

activity  

Niacin 

Liver, chicken, beef, fish, cereal, 

peanuts, legumes, avocados, tomatoes, 

leaf vegetables, carrots, sweet 

potatoes, asparagus, nuts, whole grain 

products, and legumes 

Reducing cardiovascular disease risk 

property  
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Bioactive 

Compounds 
Occurrence in foods Health-promoting property 

Riboflavin 

Milk, cheese, leafy vegetables, liver, 

kidneys, legumes, yeast, mushrooms, 

and almonds 

Antioxidant property and protection 

from migraine  

Nicotinamide 
Meat, fish, nuts, mushrooms, and 

some vegetables 

Anti-inflammatory activity and 

antianxiety activity  

Ascorbic acid 

Citrus fruits, tomatoes, tomato juice, 

potatoes, red and green peppers, 

kiwifruit, broccoli, strawberries, 

brussels sprouts, and cantaloupe 

Antioxidant activity , 

anticarcinogenic activity  and 

reducing cardiovascular disease risk 

property  

Others 

Silymarin Milk thistle 

Anticarcinogenic activity , 

preventing liver from alcoholic 

cirrhosis  

Vanillin 
Vanilla, paraguay orchid, and Chinese 

red pine 

Antimicrobial activity and 

antioxidant activity  

Cinnamaldehyde Cinnamon bark 
Antimicrobial activity and 

anticarcinogenic activity  

Punicalagin Pomegranates Antioxidant activity  

Curcumin Turmeric 

Antibacterial activity , anti-

inflammatory activity and 

antioxidant activity  

       

Antimicrobial/Bioactive compounds in different spices 

Spice  Antimicrobial compounds  Spice  Antimicrobial compounds  

Clove  Eugenol  Cumin  Cymene, cuminaldehyde  

Oregano  Carvacrol, thymol  Garlic  Allicin, diallyl thiosufinate  

Thyme  Thymol  Ginger  Gingerol, zingiberene  

Cinnamon  Cinnamaldehyde, cinnamyl 

acetate  

Black 

pepper  

Piperine  

Mustard  Allyl isothiocyanate  Turmeric  Curcumin  

Onion  Quercetin  Fennel  Thymoquinone  
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FOOD MICROBIOLOGY 

Learning objectives 

 Understand the significance of food microbiology in the food industry 

 Describe the important factors affecting microbial growth.  
 Describe source of contamination & cross contamination 

 Causes of food spoilage due to microbes 

 Provide knowledge to prevent food borne illness. 

Introduction 

Microbiology is a specialized area of biology dealing with organisms too small to be 

seen without sufficient magnification. They can be seen under a microscope after they are 

magnified. A compound microscope magnifies a microbe up to 1500 times while an electron 

microscope is required to study viruses and has a magnification power up to 500000 times. 

Microbiologists study bacteria, fungi, parasites, and viruses, including their interactions with 

humans, animals, plants, and the environment. 

 
 Food microbiology is specifically concerned with the desirable and undesirable 

effects microbes can have on the quality and safety of food products. Microorganisms are 

ubiquitous, i.e., they are present everywhere. They are found in the air, soil, water, all 

surfaces, food and in and on bodies of all living beings. There are five groups of 

microorganism that are important in food microbiology. They are: 

1. Viruses 

2. Bacteria 

3. Fungi (yeast & molds) 

4. Algae 

5. parasites 

Important microorganisms in food microbiology 

Viruses 

 They are smallest form of microorganisms, can only grow & reproduce inside living 

cells i.e. they are strictly parasite. 

 They are very minute in size, approximately one-tenth to one- hundredth the size of 

bacteria. 

 They can only be seen under electron microscope. 

 They are varying in shape & size from 0.015 micrometers to 0.2 micrometers. 

 They are composed of genetic material—either deoxyribonucleic acid (DNA) or 

ribonucleic acid (RNA)—enclosed in a protein coat. A virus must invade a living host 

cell in order to replicate. 

Bacteria 
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 Bacteria are microscopic, unicellular organisms of different shape, sizes and activity. 

 Their size varies from 0.2µm to 10µm and is one micrometer on an average. 

 Bacteria can multiply to form groups or colonies on a food source. After a sufficient 

number of replication cycles a colony of bacteria can be seen with the naked eye.  

 Different kinds of bacteria will have different shapes or forms.  

 Many bacteria have either a spherical shape or an elongated rod shape.  

 A spherical shaped bacterium (singular) is called a coccus, and a group of spherical-

shaped bacteria (plural) are called cocci.  

 A rod shaped bacterium is called a bacillus, and a group of rod-shaped bacteria are 

called bacilli.  

 Some species of bacteria appear as individual cells microscopically. Other bacterial 

species may combine to form pairs (e.g., diplococci), groups of four (tetrads), grape-

like clusters (e.g., staphylococci), and chains (e.g., streptococci or streptobacilli).  

 Many bacteria have projections from their cell walls called fimbriae (or attachment 

pili). These structures assist those bacteria in attaching to one another as well as to 

other surfaces. Some types of bacteria possess flagella that allow those bacteria to be 

motile.  

 Certain bacteria (e.g., Clostridia spp.) have the capacity to sporulate or form spores 

(also called endospores). Simply put, a spore-forming bacterium encapsulates its vital 

structures in a tough outer coat when environmental conditions become harsh. Spores 

are resistant to heat, chemicals, and other environmental conditions. Bacterial spores 

are unable to reproduce; however, once conditions again become favorable for growth 

the spores reactivate and become vegetative (reproducing) cells again.  

 Some bacteria can produce toxins that in sufficient doses cause foodborne illness 

(e.g., botulism). Toxins can be produced by spore-forming bacteria, but only in the 

vegetative state. Suppressing reactivation to the vegetative state, then, is important in 

ensuring food safety in many processes. Some non-spore forming bacteria, like 

Staphylococcus aureus, can also produce toxins. 

Fungi 

 This group includes the lower plants which lack chlorophyll and are mainly 

saprophytic. 

 The fungi consist of two major groups of microbes, molds and yeasts. Molds and 

yeasts tend to be significantly larger than bacteria. Both molds and yeasts are widely 

distributed in nature, both in the soil and in dust carried by air. 

 

Molds 

o Molds are multicellular organisms. 

o Molds have a branching filamentous structure, and can develop into colonies 

visible as a colorful, furry or downy coating on food or surfaces. 

o They reproduce by producing small spores, which are not related to bacterial 

spores mentioned above.  
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o Mold spores can be picked up and spread by air currents. If mold spores 

settle on suitable surfaces, they will begin to germinate and produce new 

mold growth.  

Yeast 

o Yeasts are single-celled organisms. 

o Yeasts are usually egg-shaped, and tend to be smaller than molds. 

o Like molds, yeasts can be spread via air currents.  

o They reproduce by a process known as budding. Visible colonies of yeast are 

generally slimy in appearance and creamy white. 

Algae 

 Algae include both unicellular & multi-cellular organisms found naturally in water. 

 They contain chlorophyll and are photosynthetic. 

 They are varying in shape and size from one micrometer to many feet.  

 They are important as primary producers of food for the aquatic environment. 

Parasites 

 Parasites are living organisms that derive nourishment and protection from other 

living organisms called hosts.  

 These organisms live and reproduce within the tissues and organs of infected human 

and animal hosts. There are different types of parasites, and they range in size from 

single-celled protozoa to multi-cellular worms.  

 Protozoan parasites are visible only through a microscope.  

 Many adult parasitic worms are visible without a microscope; however, a microscope 

is necessary for detecting eggs and preadult forms of some worms.  

Factors affecting the growth of microbes 

The factors affecting the growth of microbes are divided into two groups as follows: 

1. Intrinsic factors: The parameter of plant & animal tissues & microbes are that are 

inherent part of the tissues referred to as intrinsic factors.  It includes 

 pH 

 Nutrient Content 

 Redox Potential (Eh) 

 Water activity (aw) 

 Time  

 

2. Extrinsic factors: These are environmental factors which includes 

 Relative humidity 

 Temperature 

 Inhibitory substances   

 biological structures 
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pH level 

 The degree of acidity or alkalinity of an aqueous solution is expressed on a scale 

between 0 and 14 referred to as the pH scale.  

 pH value below 7 are acidic and values above 7 are alkaline.  

 The pH of pure water is 7.0, which is referred to as neutral pH. 

 Most microorganisms prefer a neutral pH to grow & multiply. 

 Most bacteria will not grow at pH levels below 4.6 because the environment is too 

acidic.  

 Many molds and yeasts can grow at a lower pH (4-4.5) than do bacteria.  

 On the basis of pH, food products are often grouped as 

o High-acid or acid foods (pH below 4.6) and  

o Low-acid foods (pH 4.6 and above).    

 In general food with high acid has better shelf life as compared to neutral pH. 

 Molds can tolerate a wider range of pH as compared to yeast & bacteria. 

 

 

 

Nutrient content 

 A suitable supply of nutrients is the most important condition affecting growth of 

bacteria. Every living cell requires certain nutrients to multiply.  

 These include solutions of sugars or other carbohydrates, proteins, and small amounts 

of other materials such as phosphates, chlorides and calcium. If the nutrient supply is 

removed, bacteria will not multiply. 

Water activity (aw) 

 Water activity is related to the amount of water available for the metabolic reactions 

within the cell. 

 The availability of water in a food (referred to as water activity, or aw) is an important 

factor for microbial growth.  

 Generally, bacteria have the highest aw requirements, molds have the lowest, and 

yeasts are intermediate. 
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 It is important to note that aw is not necessarily equivalent to measures of moisture 

content in a product.  

 Most moist food products will have greater water availability to support microbial 

growth than dryer food products, but there are exceptions. For example, some 

processing methods might incorporate certain chemical ingredients (e.g., salt) that 

bind to free water and in sufficient concentrations significantly reduce aw limiting the 

growth of some microbes. 

Time  

 Microorganisms need time to grow to numbers, large enough to harm us.  

 Permitting sufficient time for microbes to adapt to their environment (lag phase) is 

necessary before they can enter the rapid growth phase (log phase).  

 The doubling time for most bacterial species is between 10-30 minutes under optimal 

conditions for growth.  

 Food which is consumed as soon as it is cooked has lesser chances of causing 

foodborne illnesses. 

 No potentially hazardous food should be allowed to remain within the zone for more 

than 4 hours total. 

Relative humidity (RH) 

 RH & aw are inter-rerated. 

 When food commodity having low aw is stored in atmosphere of high Rh, water will 

transfer from gas phase to food. It will take long time to increase in aw. 

 High RH favours the growth of molds 

 If RH is too low during storage - many vegetables will lose water & become flaccid. 

 If RH is too high – condensation may occur & microbial spoilage may be initiated. 

Temperature 

 All bacteria, molds, and yeasts have an optimum, maximum, and minimum 

temperature for growth. They grow best at their optimum temp.   

 These temperatures can vary among different species of microbes.  

 Therefore, environmental temperature not only impacts the rate of growth of microbes 

but can determine which microbial species thrive.  

 They grow & multiply best in the temperature range between 5ºC to 63ºC (41ºF to 

145ºF). This temperature range is called ‘DANGER ZONE’ because the optimum, 

maximum, and minimum temperature for growth of most microbes will fall 

somewhere within that range. However, it is important to note that time is a major 

factor associated with the rate of growth at a particular temperature. 

 Microbes are destroyed if exposed to temp. above 63 ºC for several minutes. 

 Their growth is retarded at temp. below 5 ºC   

 On the basis of temperature the microorganisms can be classified into three groups: 

a) Psychrophilic grow well at 7ºC or below and have an optimal growth 

temperature range of 20–30ºC. e.g. Pseudomonas  
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b) Mesophiles grow well between 20 and 45 ºC and have an optimal growth 

temperature range of 30–40ºC. e.g. Lactobacillus  

c) Thermophiles grow well at 45ºC or higher and have an optimal growth 

temperature range of 55–65ºC. e.g. Clostridium, Bacillus 

 

Redox potential or oxygen requirement 

 Oxygen is essential to carry out metabolic activities that support all form of life. 

 According to O2 requirement microbes can be divided into different groups. 

a) Obligate aerobes: They can only grow in the presence of oxygen. e.g. 

Bacillus, Pseudomonas etc. 

b) Obligate anaerobes: They cannot survive in the presence of oxygen. e.g.  

Clostridium.  

c) Facultative microbes: They can grow in the presence or absence of 

oxygen. e.g. Salmonella, Lactobacillus etc. 

 Molds require oxygen for growth.  

 Yeasts grow best under aerobic conditions, but some can grow slowly under 

anaerobic conditions.  

 The kinds of bacteria that cause food spoilage tend to be aerobes, but those that 

cause foodborne illness are anaerobes or facultative anaerobes. 
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Inhibitory or antimicrobial substances 

 They are present in the food or added purposely to prevent the growth of microbes. 

Food items Antimicrobial compounds 

Garlic, onion Allicin 

Clove, cinnamon Eugenol 

Cran berries Benzoic acid 

Milk  Lactoferrin 

Egg Ovotranferrin, avidin 

Cheese Nisin 

 

Biological structures 

 Inner part of healthy tissues of living plant & animals are sterile or low in microbial 

content. 

 Protective covering on the food like shell on egg, skin on poultry, shell on nuts, skin 

of fruits & vegetables, artificial coating like plastic or wax. 

 Layers of fat over meat may protect the part of flesh. 

 Scales may protect the outer part of fish. 
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USEFUL & HARMFUL MICROBES 

Introduction 

Some microorganisms are beneficial to human beings. They bring about the decay if 

living organisms which have perished. They are important part of the life cycle, returning the 

nutrients of dead matter back to the soil, and conserving the fertility of soil. Algae & mold, 

including mushrooms, are used as food. Yeast is cultivated on a large scale referred to as 

microbial farming. Food yeast is rich in B-complex vitamins and is also used for enzyme 

production. Vitamins & antibiotics are produced by different bacteria and species of mold 

Penicillium. They play an important role in the food industry and form part of our daily diet, 

e.g. curd, bread, cheese and alcoholic beverages all require some type of microorganisms for 

their preparation. 

Food fermentation 

 Fermentation is a chemical process that breaks down organic material.  

 This process is carried out by microbes such as bacteria, yeast and mold called culture 

media.  

Types of fermentation 

1. Alcoholic fermentation 

 

Sugar from grape juice                                                                                            wine + CO2 

 

Sugar from malted grains of barley Beer+CO2 

 

2. Lactic acid fermentation 

 

Lactose + water                 glucose + galactose   Lactic acid 

 

3. Acetic acid fermentation (manufacturing of vinegar) 

Step I 

Sugar     Ethyl alcohol + CO2 

 

Step II 

 Ethyl alcohol + O2  Acetic acid + water  

 

 

Bacteria 

yeast 

Lactic acid       

bacteria 
Lactase enzyme 

                             Yeast  

(Sacchromyces cerevisiae var. carlsbergensis) 

Yeast (Sacchromyces cerevisiae var. ellipsoideus) 
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Beneficial role of microorganisms in some food products 

Food products Raw material Microorganisms involved 

Idli Rice + Black gram Leuconostoc mesenteroides 

Streptococcus faecalis 

Pediococcus cerevisiae 

Soya sauce Soya beans & wheat bran Aspergillus oryzae 

Streptococcus 

lactobacillus 

Temph  Soya beans Rhizopus stolonifer 

Curd  Milk  Streptococcus lactis 

Streptococcus cremoris 

Leuconostoc cremoris  

Cheese, yoghurt Milk  Lactobacillus delbrueckii ssp. 

bulgaricus 

Cheese and other fermented 

dairy products 

Milk Lactobacillus casei 

Lactobacillus helveticus 

Lactobacillus lactis (various ssp.) 

Swiss cheese Milk Propionibacterirum 

freudenreichii 

Roquefort/blue cheese Milk Penicillium roqueforti 

Camembert cheese Milk Penicillium camenberti 

yoghurt Milk Streptococcus thermophilus 

Lactobacillus bulgaricus 

Fermented vegetables, 

sausage 

 Lactobacillus plantarum 

Bread  Refined wheat flour Saccharomyces cerevisiae 

wine Grapes  Saccharomyces cerevisiae 

Beer (Ale) Barley  Saccharomyces cerevisiae  

Beer (Lager) Barley Saccharomyces cerevisiae var. 

carlsbergensis 

Vinegar Starchy vegetables, 

malted grains, sugar & 

fruit juices 

Saccharomyces cerevisiae var 

ellipsoideus (alcoholic 

fermentation) 

Acetobacter aceti or 

gluconobacter (acetic 

fermentation) 

 

Harmful effect of microorganisms 

 Some microbes are not beneficial and cause disease and wastage of food and water 

bodies. The disease causing microorganisms are known as pathogen and they cause disease in 

human & plants. Certain microbes cause food spoilage resulting in off-odour, off-flavour or 

change in color, texture & taste. Other does not alter the appearance, color, odour & taste but 

are capable of causing food borne illness. 

Food borne illness/diseases 
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 Food borne illness is a general term applied to all types of illness caused by 

consumption of contaminated food or water. The contaminant may be a pathogenic organism, 

a toxin, or an allergen which is present in food and grains entrance into the body when such 

food is consumed. 

Types of food borne illness 

1. Food poisoning or food intoxication 

 It is caused by toxins present in contaminated food.  

 The toxin may be a poisonous chemical which is accidently or intentionally 

added to food, a naturally occurring toxin in food such as solanine in green 

potatoes or a toxic metabolite excreted by bacteria.  

 In this the toxin is produced when the cells multiply in the contaminated food. 

 When such food is consumed, the toxin already present in the food irritates the 

lining of the stomach and causes vomiting. 

 If toxin reaches to intestine, it may cause abdominal pain & diarrhoea. 

 The incubation period ranges from 1-6 hours. 

 Toxins need much higher temperature to be destroyed. 

 

2. Food infection 

 It caused by microorganisms. 

 It results from the consumption of food that contains living bacteria which are 

multiplying and capable of producing disease. 

 When food is consumed, the acid in the gastric juice destroys some bacteria. If 

the number of living bacteria is high, when food reaches to the intestine, 

where the pH is neutral, bacteria multiply rapidly. 

 The metabolites irritate the lining of the intestine resulting in nausea, diarrhoea 

& abdominal pain. 

 The incubation period is at least 12 hours. 

Harmful effect of some microbes 

Disease  Causative agent Food commonly involved 

FOOD POISONING 

Staphylococcus 

poisoning 

Staphylococcus aureus Protein rich food that have been 

handled by bare hands & cooked food 

that connot be reheated 

Botulism Clostridium botulinum Canned foods (vegetables and 

meats),honey, milk products, fish, 

and fermented sea food 

FOOD INFECTION 

Salmonellosis  Salmonella enteritidis Eggs, meats, milk, and dairy products 

Shigellosis  Shigella sonnei Sewage contaminated food & water 

Listeriosis Listeria monocytogenes Milk & meat of infected animal, 

contaminated cold food that cannot be 

reheated 



AFS 312, Food spoilage; Beneficial & harmful microbes, Dr. Sabbu Sangeeta Page 4 
 

Gastroenteritis Enteropathogenic 

Escherichia coli 

Sewage contaminated food & water 

Cholera  Vibrio cholerae Contaminated water, vegetables, and 

seafood 

Brucellosis  Brucella abortus Contaminated milk 

Hepatitis  Hepatitis A virus Contaminated food & water 

 

Food spoilage 

 Any undesirable changes in food which make the food unfit for human consumption 

called spoilage. 

 Spoilage may be due to one of the following 

a. Growth & activity of microbes 

b. Insects 

c. Action of enzymes  

d. Chemical reaction 

e. Physical changes 

Types of food spoilage 

a) Physical spoilage 

 Dehydration of vegetables 

b) Chemical spoilage 

 Oxidation of fat 

 Browning of fruits & vegetables 

c) Microbial spoilage 

 Growth of microorganisms 

 Enzyme production 

Food can be classified into three groups based on ease of spoilage 

1) Stable or non perishable foods 

 Foods which do not spoil unless handle carelessly. e.g. sugar, flour, dry beans 

2) Semi-perishable foods 

 If these foods are properly handled & stored, they will remain unspoiled for a 

fairy long period. e.g. potatoes, apple nuts 

3) Perishable foods 

 This group includes most of our important daily foods that spoil readily unless 

special preservative methods are used. e.g. meats, fish, milk, vegetables, fruits, 

egg etc. 

Food spoilage due to some microbes 

Diseases Causative agent Food  

Trichinosis Trichinella spiralis Insufficient cooked pork & pork 
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products 

Giardiasis  Giardia lamblia Cysts in contaminated food & 

water 

Amoebiasis  Entamoeba histolytica Cysts in contaminated food & 

water 

Flat sour spoilage Bacillus coagulans  Inadequate processed canned food 

Sulphide stinker Desulfotomaculum 

nigrificans 

Inadequate processed canned food 

Bloated leaky cans Clostridium 

thermosaccharolyticum  

Inadequate processed canned food 

Blue rot Penicillium  Citrus fruits 

Ropy milk Alcaligens viscilactis Milk 

Yellow to greenish 

discoloration in fish 

Pseudomonas flurescence  Fish 

Aflatoxin  Aspergillus flavus  Peanuts & cereal grains 

 

Methods for controlling the microorganisms involved in food spoilage 

Principle of preservation Methods  

Prevent access of the microorganism 

to the food  

Good agricultural practices 

 Good manufacturing practices  

Appropriate hygienic and sanitary conditions  

Microorganism removal Washing of surfaces  

Centrifugation  

Filtration by membranes 

Growth inhibition Cooling or freezing  

Reduce water activity (drying and addition of solutes)  

Food acidification  

Addition of inhibitors (weak organic acids, nitrites, 

nitrates, sulfites, and bacteriocins)  

Microbial competition Atmosphere modification 

(vacuum or modified atmosphere packaging) 

Microbial inactivation Thermal treatments (pasteurization, sterilization, 

blanching, and thermization)  

Radiation  

High hydrostatic pressures  

Pulsed electric field processing  

Ultrasound 

 

What is Food Contamination? 

When food items are not handled or cooked safely, the disease-causing organisms such as 

bacteria, parasites, and viruses result in food contamination. The disease-causing parasites 

produce toxins that may also lead to food intoxication. In addition, the presence of pesticides, 

certain cleaning compounds, contaminates the food. The common reasons for food 

contamination are: 
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 Improper storing, handling and preparing food 

 Unhygienic hands and fingernails 

 Poor personal hygiene habits 

 Improperly cleaned or sanitized utensils 

 Contamination by flies, cockroaches, insects, and pests 

Different Types of Food Contamination 

There are a number of reasons that can lead to food contamination. However, food 

contamination falls under four different categories which are: 

 Biological contamination 

 Chemical contamination 

 Physical contamination 

 Cross-contamination 

Biological Contamination 

 Biological contamination is one of the common causes of food poisoning as well as 

spoilage.  

 Contamination of food items by other living organisms is known as biological food 

contamination.  

 During biological contamination, the harmful bacteria spread on foods that you 

consume.  

 Even a single bacterium can multiply very quickly when they find ideal growth 

conditions.  

 Not just bacteria, but also their process of multiplying can be quite harmful to 

humans. The common places where you can find bacteria are: 

 Dust 

 Raw meat 

 The air 

 The human body 

 Pets and pests 

 Clothes of food handler 

 Kitchen clothes 

Physical Contamination 

 When harmful objects contaminate the food it leads to physical contamination.  

 At times, food items can have both physical and biological contamination.  

 Physical contaminants such as rats, hair, pests, glass or metals, which can contaminate 

food and make it unhealthy.  

http://healthyeating.sfgate.com/good-bad-effects-bacteria-12132.html
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 Some of the safety tips that you can follow when handling food items to prevent food 

contamination are: 

 Hair - Tie your hair when handling food 

 Glass or Metal - Clean away cracked or broken crockery and utensils to avoid 

contamination 

 Fingernails - Keep your fingernails short or wear clean gloves when handling 

food 

 Dirt - Wash fruits and vegetables with clean water or cleaner to remove dirt 

Chemical Contamination 

 Chemical contaminants are one of the serious sources of food contamination.  

 These contaminants can also lead to food poisoning.  

 Pesticides present in fruits and vegetables are one of the main sources of 

contamination.  

 In addition, kitchen cleaning agents, food containers made of non-safe plastic, pest 

control products also lead to food contamination.  

 Though we make it a point to wash fruits and vegetables thoroughly, however, plain 

water can’t remove all the contaminants. The smart kitchen appliance uses ozone 

disinfection technology that removes contaminants from the surface of the fruits and 

vegetables to make it safe for consumption. 

Cross-Contamination 

This type of contamination can lead to a number of health problems. Cross-contamination 

takes place when pathogens are transported from any object that you use in the kitchen. Dirty 

kitchen clothes, unclean utensils, pests, raw food storage can lead to cross-contamination. 

Here are some of the ways to avoid cross-contamination: 

 Personal Hygiene- Thoroughly wash your hands and face when handling food. 

Coughing, sneezing or even touching your hair can lead to cross-contamination 

 Utensils- Use separate utensils to prepare different types of foods. Avoid using the 

same chopping board and knife for ready to eat foods 

 Storing Food- Make sure raw foods don’t come in contact with ready to eat foods. 

Cover and store raw foods separately from cooked foods to prevent cross-

contamination. 

 Disposing Waste- Make sure you store and seal garbage correctly to prevent cross-

contamination. Clean and sanitize the waste bins to prevent infestation risk. 

 



PRINCIPLES OF FOOD PRESERVATION 

Objectives: 

· To acquaint students with various principles and methods of preservation 

 

Food Preservation: It can be defined as the science which deals with the process of 

preservation of decade or spoilage of food, thus allowing it to be stored in fit conditions for 

future use.  

Importance of food preservation 

 Increasing the shelf-life of food thus increasing the supply. 

 Making the seasonal food availability throughout the year. 

 Adding variety to the diet. 

 Saving time  

 Stabilizing the price 

 Improve nutrition 

 Prevent food spoilage 

 Add convenience for utilization 

 Reduce losses 

 Increase total food production 

 Build a healthy nation. 

 

Food spoilage: It usually refers to the undesirable change occurring in food due to the action 

of micro-organisms, insect & enzymes. 

Food can be held in their natural form without spoilage for some length of time by 

using different methods of preservation. Hence for purpose of food preservation, food can be 

classified as: 

1. Non perishable/Stable food: These foods which do not spoil unless handled 

carelessly, eg. Sugar, flour, dry beans, cereals etc. 

2. Semi perishable: If these foods are properly handled & stored, they will remain 

unspoiled for a fairly long period, eg. Potatoes, etc. 

3. Perishable: It includes most important daily foods that spoil readily, eg. Meat, fish, 

poultry, milk, egg, fruits & vegetables.  

 

Causes of food spoilage 

 Growth & activity of micro-organisms 

 Insects, parasite & rodents 

 Activity of food enzymes 

 Activity of purely chemical reactions 

 Inappropriate temperature for a given food 

 Either the gain or loss of moisture 

 Reaction with oxygen 

 Light 

 Time & temperature 

 Physical stress 

 Physical changes such as those caused by freezing, burning, drying, pressure etc. 

 

Principles of food preservation 

 

1. Prevention or delay of microbial decomposition 

a. By keeping out microbes (asepsis) 



b. By removal of microbes (filtration, washing, trimming etc) 

c. By hindering growth & activity of microbes e.g. by 

o Low temperature 

o Drying and dehydration 

o Anaerobic conditions 

o Chemicals or antibiotics 

d. By killing microbes e.g. by 

o Heat 

o Radiation 

2. Prevention or delay of self decomposition of the food 

a. By inactivating enzymes e.g. blanching 

b. by prevention or delay of chemical reactions e.g. prevention of oxidation by using 

antioxidant 

3. Prevention of damage by insects, animal, mechanical causes etc. 

 

Methods of preservation 

 

1. Asepsis (absence of infection) 

o Means preventing entry of microbes. 

o Packaging of foods is widely used application of asepsis. 

o It is done by adopting good sanitary & hygienic practices i.e. Maintaining cleanliness 

during 

 Harvesting 

 Grading 

 Packing & 

 Transporting of fruits & vegetables 

2. Preservation by high temperature: 

o Microbes are killed due to heat inactivation of their enzymes so food is preserved. 

o The temperature and time required to kill microbes in thermal preservation is called 

Process Time. 

o The heat treatment depends upon 

 Type of food 

  Microbe involved 

  Container size, and 

  Other method used along with heat preservation. 

o Different methods of thermal preservation are 

 Pasteurization 

 Sterilization 

 Aseptic canning & 

 Hot Pack or Hot fill 

a. Pasteurization: 

 It is heating below 1000C for sufficient time to kill the spoilage microbes. 

 But some spores & spore forming bacteria (Bacillus subtilis, B. mesentericus & 

Clostridium botulinum) may survive and grow under favourable conditions. However 

they do not grow at low pH (< 4.5). 

 

· In bottle pasteurization (Holding method): e.g. 

 juice filling in bottle → air tight sealing (e.g. crown corking→ Heating* (in boiling 

water for about 25-30 min) → Cooling 

 Temperature of juice inside the bottle reaches to about 880C 



· Overflow method: 

 Juice heating to a temp about 2.50C above pasteurization temp.→ juice filled in 

sterilized bottle upto brim (to exclude air) →crown corking→ Pasteurization (temp 

below 2.50C than earlier juice heating temp.) → Cooling 

 It is used for product sensitive to oxygen e.g. grape juice 

 

· Flash pasteurization: 

 Rapid heating of juice above 5.50C the pasteurization temp.→Holding at that temp for 

about 1 min → filling in sterilized bottles → Crown corking→ Cooling 

 This method is used for orange juice but can also be used for grape & apple juice.  

 

Merits of this method are: 

 Minimum flavour & vitamin losses 

 More economic 

 Cloud stability 

 Minimum cooked flavour 

 

b. Sterilization: 

 Means destruction of all viable microbes. 

 It is most effective preservation method. 

 Temperature involved is above 1000C. 

 Generally vegetables (pH ≥ 4.5) are preserved by sterilization. 

 Spores of Clostridium botulinum are inactivated by sterilization. 

 But because of very high heat treatment the nutritional as well as sensory qualities of 

the products may be affected adversely. Therefore in actual practice somewhat lower 

treatment is used so as to kill only the harmful microbes but not the all as a result 

adverse effect of higher heat treatment is reduced to some extent. This is called 

Commercial sterilization. 

 

c. Aseptic canning: 

· Food sterilization outside the can (1490C for 1-2 sec) → Filling in sterilized can aseptically 

→ Air tight sealing in aseptic zone→ Cooling 

· The nutritional and sensory qualities are maintained to large extent due to short processing 

time. 

 

d. Hot Pack or Hot Fill: 

· Previously pasteurized or sterilized food is filled while still hot in clean containers but not 

necessarily sterile container under clean but not necessary aseptic conditions. Actually heat of 

food and some holding period make the food commercially sterile. 

 

3. Preservation by low temperature 

Low temperature is used to retard chemical reactions & action of food enzymes & to 

slow down or stop the growth & activity of micro-organisms.  

a. Cellar storage (about 150C): 

Food like potato, apple, onion etc. can be stored in underground rooms for limited 

periods during winter months. 

b. Refrigeration or chilling (about 0 to 50C or above critical chilling injury temperature): 

Cooling is by mechanical refrigeration system like Ammonia refrigeration system. 

The required temperature and relative humidity are maintained properly. The fruits & 

vegetables & their products can be preserved for a few days to many weeks by this method. 



 

c. Freezing (≥ -180C to -400C): 

 Types of freezing  

I. Sharp/Slow freezing- Usually refers to freezing in air with natural air circulation 

or electric fans. Temp. varies from - 15ºC to -20ºC and it takes 3 to 72 hours.  

II. Quick freezing- food is frozen is short time i.e. 30 min or less. It is 

accomplished by direct immersion in refrigerant, indirect contact through flow 

of refrigerant or air blast freezing. 

III. Dehydro-freezing- In this methods half of the moisture of food commodity has 

been removed before freezing. 

 

4. Preservation by chemicals: 

Microbial spoilage is controlled by using chemical preservatives, the microbial 

antagonists (it does not include salt, sugar, acetic acid, oils, alcohols, etc.). Different chemical 

additives such as antioxidants, nitrates, potassium metabisulfite and benzoic acid etc are used 

for food preservation. 

 

5. Preservation by drying and dehydration: 

 Drying: It refers to the process of removal of water (moisture content up to 14-15%) 

in natural conditions. eg. sun drying. It is cheapest method of drying. But it has many 

disadvantages such as it depends on weather, unhygienic conditions, chances of 

contamination is high, required considerable space etc. 

 Dehydration: It refers to the nearly complete removal of water from food under 

controlled conditions that cause minimum or ideally dry to final moisture content 

within the range of 1-5% depending upon food item. 

· Merits of drying & dehydration 

 Dried products occupy less space so packaging, storage, transport cost is lowered. 

 They do not require refrigeration for storage. 

 Longer shelf-life 

 

6. Preservation by filtration: 

 The liquid product like juice is passed through micro filters to remove bacteria and 

yeast. The nutritional and sensory quality of the product is maintained very well. 

 

7. Preservation by carbonation: 

 

 Carbonated beverages contain 1-8 g CO2/liter to impart tang. 

 CO2 also reacts with water to form carbonic acid which acts as mild preservative. 

 CO2 (14.6 g/liter) is actually needed for complete inhibition of microbial activity but 

such a   high level affect the flavour of beverages adversely. 

 It also creates some what anaerobic conditions in drink due to removal of part of air. 

 

8. Preservation by sugar: 

 Sugar binds water so water activity is reduced to such a level that most of the 

microbes are unable to grow and multiply. For this minimum conc. of sugar is 66%. 

 More over at such a high conc. of sugar most of the water present in microbial cells 

comes out due to osmosis and cell is died. 

 Fruit syrup, jam, jelly, marmalade, preserve, candy, crystallized fruit and glazed fruit 

are preserved by this method. 



 Foods preserved by this method are generally called as Intermediary Moisture Food 

(IMF). 

 

9. Preservation by fermentation 

10. Preservation by salt 

 It act as preservative above > 12% concentration. 

 It helps in bind water & reduces water activity (aw). 

 Chorine ions are act as oxidizing agent which acts as bactericidal. 

11. Preservation by acids 

12. Preservation by oil and spices 

 Oil creates hydrophobic regions 

 Mustard oil contains an antimicrobial compound called “Isothiocynate”. 

13. Preservation by antibiotics 

14. Preservation by irradiation 

 Radiation means self propagating form of energy in space. It is alternative to chemical 

treatment. 

 It is also known as cold sterilization. 

 It inhibits the growth of microbes by mutation and producing peroxides (bactericidal). 
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                              Digestion, absorption and metabolism of foods 

The food we eat needs to be broken down into simpler substances which the body can utilize. 

This is accomplished by the process of digestion. Complex substances, such as carbohydrates, 

proteins and fats, are broken down into simpler forms by the mechanical action of the teeth and 

chemical action of various enzymes in the digestive system. Water, minerals and vitamins can 

be absorbed directly without undergoing any change. Glucose needs no further breakdown and 

is immediately absorbed giving instant energy. Both digestion and absorption take place in the 

digestive tract in the body. The digestive tract or alimentary canal in humans comprises the 

following: 

 Mouth 

 Oesophagus 

 Stomach 

 Small intestine (duodenum, jejunum, ileum) 

 Large intestine (caecum, colon, rectum, anus) 

The liver and pancreas are not a part of the digestive tract, but provide vital secretions, namely, 

bile and pancreatic juice, respectively which aid in the digestion of food. Digestive juices are 

also secreted by all parts of the digestive tract except the oesophagus, rectum and anus. These 

juices contain chemical substances called enzymes, which act as catalysts in the breakdown of 

nutrients. 

 Digestion of food 

 Mouth: the process of digestion begins in the mouth. Food is mechanically broken 

down by the teeth by chewing and is moistened with saliva produced by the salivary 

glands in the mouth. Saliva contains an enzyme called salivary amylase or ptyalin 

which acts on cooked carbohydrates and partially digests them into smaller units. If 

food remains in the mouth for some time, carbohydrate is further broken down into 

maltose by the action of salivary amylase, giving food sweetish taste. 

 Oesophagus: food passes from the mouth into the stomach through a tube called the 

oesophagus or food pipe. No digestion takes place in the oesophagus. 

 Stomach: in the stomach the food is mixed with gastric juice. Gastric juice is composed 

of hydrochloric acid, enzymes, and water. The stomach muscles contract and churn the 
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food to a liquid consistency called chyme. Gastric juice has many important functions. 

The acidic nature of gastric juice: 

 Destroys harmful bacteria which may be present in food. 

 Activates enzyme pepsin. 

 Swells proteins so that enzymes can easily act on them. 

 Aids in the absorption of calcium and iron. 

The enzyme pepsin acts on proteins and enzyme lipase has some effect on emulsified 

fats. 

 Small intestine: maximum digestion of proteins, carbohydrates, and fats takes place in 

the small intestine. The small intestine includes the duodenum (which is the first 

portion), the jejunum, and the ileum. Bile which is produced by the liver and stored in 

the gall bladder is needed for digestion of fat. Bile is released in the duodenum and it 

emulsifies fats so that they can be easily attacked by enzymes. Bile is highly alkaline 

and helps in neutralizing the acidic chyme so that other intestinal enzymes can act. The 

small intestine secretes intestinal enzymes and the pancreas secretes pancreatic juice 

and completes the digestion of proteins, carbohydrates, and fats into amino acids, 

monosaccharides and glycerol and fatty acids respectively. These simple substances are 

absorbed through the walls of the small intestine into the bloodstream. 

 Large intestine: the large intestine includes the caecum, colon, rectum and anus. The 

food which is not absorbed in the small intestine passes into the large intestine. Water 

and digestive juices are reabsorbed in the large intestine giving the intestinal contents a 

solid consistency.  The unabsorbed material is called faeces, and it contains small 

amounts of undigested food mainly fibre, bile salts, cholesterol, mucous, bacteria, and 

broken-down cells. It is excreted via the anus. 

Factors that after digestion: 

 Consistency, division, and type of food: Foods that are of liquid consistency are more 

easily digested than food pieces which are solid and big in size. Food which is chewed 

well is easily acted on by digestive enzymes. 

 Bacterial action: The normal bacterial flora helps in breaking down food and is 

desirable. 

 Chemical factors: Strong acid, spices, caffeine and meat extracts stimulate the flow of 

gastric juice. Fats slow down the flow of gastric juice. 
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 Psychological factors: Anger, fright and   worry slow down the secretion of gastric 

juices. The sight, smell and aroma of food increases the secretion of saliva and gastric 

juice. Of all the nutrients, carbohydrates are digested fastest. Glucose needs no further 

breakdown and is immediately absorbed giving instant energy. A mixture of 

carbohydrate, protein and fat gives satiety and remains in the digestive system for a 

longer time. 

 

Absorption:  

   Absorption is the process in which the end products of digestion of nutrients are transferred 

from the intestine into the blood and lymph circulation. The wall of the small intestine is made 

up of 4 to 5 million folds or finger-like projections called villi. Each villus has blood vessels 

and lymph vessels. The presence of villi increases the total area from which absorption can 

take place. Most nutrients are absorbed in the duodenum and jejunum and remaining in the 

ileum. 

Nutrients are absorbed across the epithelial cell walls lining each villi by two methods: 

 Passive diffusions, i.e., movement of water and minerals from an area of higher 

concentration to an area of lower concentration. Sometimes a carrier is required to help 

ferry water-soluble nutrients across a cell membrane with fat -like material. 

 Most nutrients are absorbed by active transport from an area of lower concentration to 

an area of higher concentration. Active transport requires energy for transportation. The 

nutrients absorbed into the lymph are fatty acids, some molecules of fat, and fat-soluble 

vitamins. Glucose, amino acids, water soluble vitamins and minerals are transported by 

the portal circulation to the liver. 

 

Metabolism: 

 From the blood stream, nutrients are supplied to all the cells in the body where each 

nutrient performs its specific functions. It is either oxidized to release energy 

(catabolism), or it is used in the synthesis of complex substances (anabolism). 
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 Anabolism is the term used for all chemical reactions in which simple substances are 

used to synthesize more complex substances, e.g., amino acids are used for specific 

protein synthesis. 

 Catabolism is the term used for all chemical reactions in which complex substances are 

further broken down to simpler compounds, e.g., glucose is oxidized to produce carbon 

dioxide, water and energy, 

 Glucose and fats are stored as potential energy in the form of adipose tissue. Glucose 

is also stored as glycogen in the liver. Amino acids are used for synthesis of new cells, 

enzymes or hormones. Minerals and vitamins carry out regulatory functions.  

 The waste products of digestion, absorption and metabolism are excreted by the bowels, 

kidneys, skin and lungs.   

Carbohydrates:  Digestion, absorption and metabolism 

 Complex carbohydrates and sugars are too large to be absorbed through the intestinal 

wall. They need to be broken down into their constituent monosaccharides so that they 

can be absorbed. 

 Only monosaccharides can be absorbed into the blood stream. The mechanical and 

chemical digestion of starch begins in the month. 

 Ptyalin or salivary amylase in saliva acts on cooked starch and partially breaks it down 

into dextrin. 

 If ptyalin acts on starch long enough, i.e., if food is chewed well, maltose may be 

formed. The stomach does not secrete any starch-splitting enzyme, hence no digestion 

takes place in the stomach. In the small intestine, pancreatic amylase acts on starch and 

dextrin, breaking it down into maltose. 

 The intestinal wall secretes maltase, lactase and sucrase which acts on maltose, lactose 

and sucrose, reducing them to their respective monosaccharides. Some fructose may be 

converted to glucose. The monosaccharides are absorbed into the blood vessels lining 

the small intestine and carried to the liver for their further metabolism. 

 The absorbed monosaccharides, i.e., glucose, fructose and galactose may be converted 

into glycogen and stored in the liver, or converted into glucose and released into the 

blood stream to be oxidized as a source of energy for various tissue cells. 

 In human metabolism, all sugars are converted into glucose. In the muscles cells, some 

glucose may be stored as glycogen. The fasting level of glucose in blood is maintained 

at 70-100 mg/100 ml blood. After consuming a meal rich in carbohydrate, it increases 

to 140-150mg/100 ml blood. Glucose is taken up from blood by the body cells and 

oxidized as a source of energy. 

 In the cells, glucose is first oxidized to form pyruvic acid, and ultimately through the 

various metabolic cycles, energy is release in the form of adenosine triphosphate (ATP). 

 The waste products of carbohydrate metabolism, i.e., carbon dioxide and waste are 

released from the cell and excreted by the body. The energy released is used by the 
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body for its various voluntary and involuntary processes and to maintain body 

temperature. 

 If the level exceed 170 mg glucose/100 ml blood, it crosses the renal threshold and 

glucose is excreted in the urine. This condition is observed in diabetic patients. A 

fasting blood glucose level above 140 mg is called hyper glycaemia and below 70 mg 

is called hypo glycaemia. 

 The body tries to maintain the normal fasting level by removing glucose from blood 

when the level is high and adding glucose to blood when the level falls, e.g., when a 

person is fasting. The hormone insulin, secreted by the cells of the islets of Langerhans 

in the pancreas helps in regulating the blood glucose level. 

 Insulin is required for glucose utilization by the cells and synthesis of glycogen from 

glucose. If insulin is deficient, glucose is not utilized by the cells and blood level of 

glucose increases. Insulin is the only hormone which lowers blood sugar levels, other 

hormones, such as the thyroid hormone, increase blood sugar levels. 

 

Protein:  Digestion, absorption and metabolism 

 To enable proteins to perform their various functions, dietary protein needs to be broken 

down into its constituent amino acids. 

 The mechanical digestion of protein begins in the mouth, where the teeth grind the food 

into small pieces. The mouth does not produce any enzyme to digest proteins.  

 Chemical digestion begins in the stomach. The hydrochloric acid (HCL) in the gastric 

juice activates the enzyme pepsin, which acts on proteins and reduces them to 

polypeptides.  

 After the partially digested proteins reach the small intestine, three pancreatic enzymes- 

trypsin, chymotrypsin and carboxypeptidase- continue the process of chemical 

digestion.  

 The peptidases secreted by the intestine finally reduce the smaller peptides and 

dipeptides into amino acids, which are the end-product of protein digestion. 

 After digestion, the amino acids in the small intestine are absorbed by the blood and 

carried to the liver and all body tissues where they are metabolized. 

 The body needs varying compositions of amino acids to build and repair the different 

tissues of the body. All essential amino acids must be present if body cells have to be 

built or repaired.  

 Surplus amino acids are sent back to the liver where they are deaminated by splitting 

off the amino group. The remaining part of the protein is used for energy or stored 

glycogen in the liver and muscles or as fat in the adipose tissue. 

 The end products of the metabolism of amino acids are carbon dioxide, water and 

nitrogen. Some nitrogen may be retained and used again to synthesize non-essential 

amino acids as and when required by the body.   
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Table1: Digestion and metabolism of protein 

Human body Fate of protein Process 

 

Mouth Food protein Mechanical digestion 

Stomach Proteoses 

Peptones 

Polypeptides 

Chemical digestion 

Enzymes pepsin-gastric 

juice 

Small 

intestine 

 

 

Blood 

Small chain 

 Polypeptide 

 Dipeptides 

Amino acids 

Amino acids 

Pancreatic enzymes 

Intestinal juice 

 

 

Absorbed into blood 

circulation 

Large 

intestine 

Undigested proteins Excretion of unabsorbed 

proteins 

Liver Amino group                                           Urea Deamination 

 

 

 

 

 

Body cells 

 

 

 

 

 

Kidneys 

                 Nitrogen-free residue  

 

 

       Glycogen                  Fatty acids 

    

                               

                       Protein                      Adipose 

               (growth & repair)              tissue 

Glycogen  

(energy) 

 

Carbon dioxide 

         + 

    Water                                                Urea 

 

 

 

 

 

 

         Protein synthesis 

         Storage of fat 

 

         Oxidation               

 

Excretion 

 

 

 

Fat: Digestion, absorption and metabolism  

The fats and oils consumed in the diet need to be broken down into their constituent 

components, namely glycerol and fatty acids, before they can be utilized by the body. 

Digestion: 

 No chemical digestion of fat takes place in the mouth. Fat is broken into smaller 

particles by chewing and is mixed with saliva. 

 In the stomach, peristaltic movements churn the food along with the gastric juice. Two 

enzymes help in digesting fats, namely gastric lipase in the gastric juice and pancreatic 

lipase from the pancreas which acts in the small intestine. 

 For fats to be digested, they first need to be emulsified. Gastric lipase acts on emulsified 

butterfat, and the main digestion of fats begins in the small intestine. 

 The presence of fats in the duodenum stimulates the secretion of bile from the gall 

bladder. Bile acts as an emulsifier and breaks down large fat globules into smaller 
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particles. This increases the total surface area of fat and increases the efficiency of 

enzyme action. 

 The alkaline nature of bile helps pancreatic lipase to remove fatty acids from the 

triglyceride, converting them to diglycerides and monoglycerides and finally to fatty 

acids and glycerol. 

 The final products of fat digestion to be absorbed are fatty acids, glycerol, 

monoglycerides and diglycerides. Some remaining fat which is undigested may be 

excreted through the faeces.   

Absorption: 

 Since fat are insoluble in water, they cannot be directly absorbed into the intestines and 

blood stream without making them absorbable. Bile helps in absorption of fat by 

forming a complex with fatty acids and glycerides which is absorbed by the intestinal 

wall. Once absorbed, bile separates and returns to the intestine to recombine with fatty 

acids and glycerides and the process continues. 

Metabolism: 

      In the intestinal wall two important reactions take place: 

 Enzymes enteric lipase breaks down the remaining mono and diglycerides into fatty 

acids and glycerol. 

 The fatty acids and glycerol recombine to form new body fats or newly formed 

triglycerides which need to be absorbed and transported via the blood circulation. 

 The newly formed triglycerides and fats are covered with small amounts of protein to 

form lipoproteins called chylomicrons. Chylomicrons enter the lymphatic circulation 

from lymph vessels in the small intestine. From the lymphatic system, they enter into 

the portal circulation and are converted into other lipoproteins in the liver. 

 These lipoproteins are circulated to all body cells for energy and other structural 

function, or stored in the adipose tissue as a reserve source of energy. 
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Energy Metabolism 

Dr. Sweta Rai, Assistant Professor 

Introduction: 

When food is digested the complex nutrients carbohydrate, fats, and proteins are broken 

down into monosaccharides, fatty acids, glycerol and amino acids, respectively. These simple 

forms are absorbed into the bloodstream and supplied to the millions of cells in the body to 

be oxidized by a series of complex steps to release energy. 

What is Energy? 

 Energy is the capacity to do work. Energy exists in a number of forms. It may occur as heat 

generated by chemical, mechanical or electrical means. One form of energy can be converted 

to another form. In physiology and nutrition, energy is defined as the capacity of a body to do 

work. Just as a machine needs fuel to keep it operating, the body needs food to provide the 

energy to perform its various tasks. The energy released in the body from food is measured as 

a unit of heat the kilocalorie (kcal). By definition, one kilocalorie is the amount of heat required 

to raise the temperature of one kilogramme of water through one degree centigrade (i.e., from 

14.5° to 15.5 °C). Some efforts have been made to introduce the joule (J)1 as a unit of energy. 

One joule is equal to the energy expended when one kilogramme is moved through one meter 

by a force of one newton (N). But joule cannot be used in practical nutrition, until food 

composition tables are prepared giving the energy value of foods in joules, and RDA are set in 

joules. It must be remembered that the human body uses energy in many forms hence the unit 

used in measurement is only an indirect indication of the energy available to the body in various 

forms (chemical, thermal, mechanical, electrical, etc.).  

    Food supplies the energy we need for everything we do. Two components of food, 

carbohydrates and fats, supply 85 to 92 per cent of the total energy in the Indian dietary, the 

rest is provided by proteins. The various forms of energy are interconvertible. Living cells are 

capable of releasing the energy stored in certain nutrients. This energy is used to perform 

various activities in the cell such as synthesis of proteins, maintaining warmth and contraction 

of muscle. The energy from the breakdown of food is stored in the body in the form of a high 

energy compound, adenosine triphosphate (ATP). ATP acts as a source of energy-rich 

phosphate bonds. Living cells can use energy only in the form of energy rich phosphate bonds. 

When energy is required for cellular activity, living cells release energy from ATP which gets 

converted to adenosine diphosphate (ADP). One mole of ATP provides 8 kcal/33kJ of energy. 

ADP is reconverted to ATP by addition of phosphate ions. Phosphate ions help in release and 

transfer of energy.      

Measurement of Food Energy: 

The energy value of foods is determined in the laboratories by the use of special equipment called the 

bomb calorimeter. In the bomb calorimeter, the heat given off by a food in direct combustion or burning, 

is measured under controlled conditions. Energy value of a food can also be measured indirectly by 

measuring the oxygen used in burning a known amount of food. The average fuel values of the energy 

giving components of foods have been found to be: 

 Carbohydrates- 4.10 kcals/gramme 
 Fats- 9.45 kcals/gramme  
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 Proteins 5.65 kcals/gramme 

 

 Physiological fuel value: 

The potential energy present in food when measured in a bomb calorimeter is higher than the energy 

released in the body. This is because some losses occur during digestion, absorption and metabolism. 

The potential energy value must be corrected to allow for the losses that occur during digestion, 

absorption and metabolism of nutrients. 

              The physiological fuel factors are based upon the corrections for losses of unabsorbed nutrients 

in the faeces and nitrogenous products excreted in the urine. On a mixed diet containing high-quality 

protein, 85-90% carbohydrate, 95% fat and 92% proteins are digested and absorbed. The carbohydrates 

and proteins which are absorbed are fully oxidized. However, when proteins are oxidized as a source 

of energy, they first need to be deaminated (removal of amino group). The amino group is converted to 

urea and is excreted in the urine. Hence, the body loses a part of the protein that is digested and absorbed. 

This loss of protein is about 25%. 

Table 1: Energy Value of Food 

 Potential energy in food (kcal/g) Physiological fuel value (kcal/g) 

Carbohydrates 4.15 4 

Proteins 5.65 4 

Fat 9.4 9 

  

Note: The averages of coefficients of digestibility for the components of a typical dietary were: 

 Carbohydrates 98%, Fats 95% and Proteins 92%. 
 The physiological fuel value (i.e., the energy available to the body) was calculated as follows:  
Carbohydrates = (4.10) × 98% = 4.01 kcal/g 
 Fats = (9.45) × 95% = 8.98 kcal/g 
 Proteins = (5.65 – 1.25) × 92% = 4.05 kcal/g  
For practical use these physiological fuel values were rounded off to the nearest whole number to get the kcalorie values we 

use in practical nutrition.  
Coefficient of digestibility = (Nutrient intake - Nutrient in faeces) X100/ Nutrient intake 

 

Energy intake: 

  The main source of energy for all the body activities is food, along with the energy store in body 

tissues as reserve. Our body needs fuel to carry out its work on a continual basis. This need starts at 

birth and continues as long as one lives. Energy is the primary need of the body and takes precedence 

over all other needs. The metabolic products formed by digestion of carbohydrates and fats, which are 

simple sugars, glycerol and fatty acids, provide most of the energy needs of the body. One can 

summarise the energy production from foods as:  

Glucose, fatty acids, glycerol or amino acids + oxygen → energy + carbon dioxide + water 

       The actual process involves a series of complex reactions, which lead to the common pathway 

known as Kreb’s cycle or the tricarboxylic acid cycle, its end products being energy, carbon dioxide 

and water. The energy released is trapped in energy-rich compounds (ATP), from which it is released 

as required. 

Energy Storage in the Body: 

      While we may eat two, three or four meals a day, which supply energy to the body at intervals, our 

body activities (voluntary and involuntary) go on throughout the day, even while we sleep. The body 

draws on its stores of energy to meet its continuous need for energy. 
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 Glycogen: Glycogen stored in the muscles and liver (about 300–350 g), acts as an energy reserve. 

Glycogen stores maintain blood glucose at normal levels for use of body functions during hours of 

sleep. Thus, our first meal of the day, which breaks the night long fast, is very important for replenishing 

glycogen stores. 

Adipose tissue: Food energy in excess of body’s needs is stored efficiently in the adipose tissues. This 

store is larger than glycogen stores. The amount thus stored varies from person to person. A well-

balanced amount needs to be maintained as an added reserve energy source.  

Muscle mass: In the muscle mass, a limited amount of energy is stored as protein. This lean muscle 

mass needs to be maintained for good health. The body draws on these tissues for energy, only when it 

is under stress due to long periods of fast or starvation. 

 Basal Metabolic Rate: 

The amount of energy required by the body for carrying involuntary work and maintaining the body 

temperature is known as the basal metabolic rate (BMR). The involuntary work includes the functioning 

of various organs and systems which work continuously to keep the body processes going such as heart 

and blood circulation, the kidneys and excretion. Approximately one-third of this is needed for these 

processes, while the remaining two-thirds is utilized for maintenance of muscle tone. The adult BMR 

is 1 kcal/kg body weight/hour for men and 0.9 kcal/kg body weight/ hour for women, or approximately 

1,440 kcal for men and 1,080 kcal for women, respectively. 

Factors affecting the BMR: 

Many factors influence the BMR. 

Body size:  heat is continuously lost through the skin. A tall well-built person has a greater skin surface 

area than a shorter or smaller person and loses more heat through the skin and hence has a higher BMR. 

Body composition: The amount of muscle tissue and adipose or fatty tissue in the body affects the 

BMR. An athlete with well – built muscles and little body fat has a higher BMR than non-athlete with 

more body fat of the same weight. The metabolic activity in muscle tissue or lean tissue is much more 

as compared to adipose or fatty tissue. 

Age: During periods of rapid growth, the BMR increases by 15-20% because the growth hormone 

stimulate cell metabolism and new cells are formed. It is high during infancy, pre-school years, and 

puberty. During pregnancy and lactation, it rapidly increases once again. The BMR gradually declines 

with age at the rate of 2% for each decade after the age of 21 years.  

Sex: The BMR is 10 % higher in men as compared to women. The difference in BMR is attributed to a 

higher proportion of adipose tissue in females and hormonal variations between the sexes. 

Fever: Fever increases the BMR by 7% for each degree Fahrenheit rise in body temperature. This is 

one of the reasons for loss of weight during fever. 

State of health: The BMR is low during starvation and malnutrition because of reduction in muscles 

tissue. In diseases and conditions where catabolic processes are high, such as cancers, tuberculosis and 

burns, BMR is high.   

Hormones: Disorders of the thyroid gland markedly influence the BMR. Hyperthyroidism, a condition 

of excessive production of thyroid hormone, increases BMR and hypothyroidism or decreased 

production of thyroid hormone decreases BMR. 
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Climate: The BMR rises when the climate is cold in order to maintain normal body temperature. In 

very warm climates leading to profuse sweating, BMR may increase by trying to reduce body 

temperature. 

Psychological tension: Worry and anxiety increase BMR. 

Energy for Physical Activity: 

Physical activity increases the energy requirement above the basal metabolism. There is a wide variation 

in the energy required for physical activity among individuals. Physical activity includes energy needed 

for work, recreation, and mental activity, i.e., all voluntary activities. Some of people use up more 

energy for physical activity than for basal metabolism. On the basis of occupation, activities are grouped 

under three heads. 

 Sedentary/ light work: Teaching, office work, executive, housewife and tailoring 

 Moderate work: Farming, industrial labour, driver, maid servant 

 Heavy work: Stone cutter, miner and wood cutter 

The energy required varies with the type of activity and the speed and efficiency with which it is 

performed. For example, swimming uses up twice the bicycling, and walking briskly uses up thrice the 

energy of walking at moderate pace. The body size of the person also affects energy expended for a 

task. The larger the body size, the more energy would be needed just as more energy is needed to move 

a heavy sack of potatoes compared to a lighter one.  

The ICMR expert committee adopted the FAO/WHO procedure of using BMR factors for arriving at 

the energy requirements of Indian reference man and woman. These BMR factors for Indian men and 

women engaged in sedentary, moderate and heavy activity are 1.6, 1.9 and 2.5 respectively. The energy 

requirement of Reference Indian man and woman as given in RDA 1990 is presented in Table : 

Table 2: Energy Requirement of Reference Indian 

Sex Activity Body weight 

(kg) 

Energy (kcal) 

Man Sedentary 

Moderately 
Heavy 

60 

60 
60 

2425 

2875 
3800 

Woman Sedentary 

Moderately 

Heavy 

50 

50 

50 

1875 

2225 

2925 

 

Table 3 : Recommended Daily Allowances for Energy 
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Menu planning 

Learning objective 

 Definition and aim of menu planning 

 Factors influencing menu planning 

 Steps of menu planning 

Introduction 

 Menu is the statement of food and beverage items available or provided by food 

establishments primarily based on consumer demand and designed to achieve organizational 

objectives. It represents the focal point around which components of food service systems are 

based. The menu is designed carefully what the outlet wants to cater for, keeping in mind the 

type of clientele. The main advantage of a well-planned menu is that it leads to consumer 

satisfaction. 

Definition: 

 Menu planning is defined as a simple process which involves application of the 

knowledge of food, nutrients, food habits and likes and dislikes to plan wholesome and 

attractive meal. The caterer who is responsible for providing meals has to decide on various 

aspects, such as: 

 Menu 

 Serving cost 

 Food cost 

 Supplier and quantities to be purchased 

 Standardized recipes to be followed 

 Type of service 

 Meal timing 

 clientele 

 

Objectives of Menu Planning  

 

The aim of menu planning is to:  

1. Meet nutritional needs -- ““Recognition that food is treatment”-- part of medical 

therapy  

2. Plan meals within the food cost  

3. Simplify purchase, preparation, and storage of meals  

4. Provide attractive, appetizing meals with no monotony  

5. Save time and money  

6. Minimize overhead expenditure, i.e., fuel, electricity, water, labor.  

7. Meet//exceed customer expectations  

8. Determine production methods and distribution systems  

9. Dictate staffing levels  



10. Provide quality,, standardization & predictability 

 

Types of menu 

Menus are of the following type: 

1. Table d'hôte or fixed price menu 

 The menu has fixed number of courses  

 There is a limited choice within each course  

 The selling price of the menu is fixed  

 The dishes provided will all be ready at a set time  

 

2. A la carte 

The term à la carte may be translated as 'from the card'. This type of menu may be 

defined by the following points:  
 It gives a full list of all the dishes that may be prepared by the establishment  

 Each dish is priced separately  

 A certain waiting time has to be allowed for many of the dishes  

 Some dishes are cooked to order  

 

3. Banquet menu 

These are special menus for banquets or functions. 

 

4. Institutional menus 

It includes hospital menus, boarding school menu and industrial canteen menus. 

Factors affecting menu planning 

1. Nutritional adequacy: It must be include RDA for each age group. 

2. Economic consideration: financial power of consumers kept in mind for food cost. 

3. Type of food service: menus should be planned in relation to the type of food service, 

eg. cafeteria, seated service etc. 

4. Equipment and work space: It considers available equipment and work space in mind, 

eg. deep freezers, refrigerator, grinder, deep fryers. 

5. Leftover food: Adequate storage space and hygienic standards should be ensured to 

minimize the risk of contamination and spoilage of food. 

6. Food habits 

7. Availability of raw material like fruits & vegetables. 

8. Meal frequency and pattern 

9. Variety 

 Variety in food ingredients 

 Variety in recipe 

 Method of cooking 

 Colour, texture and flavour 

 Variety in presentation and garnish 



Planning balanced meals 

Meal planning involves proper selection of food to ensure balanced meals. 

Three main function of food are: 

1. Providing energy 

2. Body building & maintenance 

3. Regulation of body processes and protection against infection. 

 

On the basis of functions performed, food is classified into the following three groups. 

1. Protective / regulatory foods:  

 Green leafy vegetables, orange, yellow & red fruits & veg, citrus fruits - rich 

in carotene & ascorbic acids, minerals, fibre and carbohydrate. 

2. Body-building food 

 All animal proteins  - protein, vitamin & minerals rich 

 Pulse, nuts & oilseeds  - protein, vitamin, minerals, fibre, oils 

3. Energy-giving foods 

 Cereal &millets and roots & tubers - carbohydrate rich with other 

nutrients. 

 Sugars & jaggery   - only carbohydrate 

 Fats & oils    - mainly fats & oils 

Steps in planning balanced meals 

1. Collect information regarding the customer with respect to: 

 Age 

 Gender 

 Activity level 

 Religion 

 Socio-economic background 

 Food habits 

2. Check the RDAs for energy & proteins 

3. Prepare a food plan, i.e., list number of serving from each food group to meet the 

RDA. 

4. Decide on the number of meals 

5. Distribute servings for each meal 

6. Select foods within each group & state their amount 

7. Plan a menu 

8. Cross-check to ensure that all food groups are included in requisite amounts. 

 

 



Organic foods 

Organic farming is a method of crop and livestock production that involves much more than 

choosing not to use pesticides, fertilizers, genetically modified organisms, antibiotics and growth 

hormones. 

Organic production is a holistic system designed to optimize the productivity and fitness of diverse 

communities within the agro-ecosystem, including soil organisms, plants, livestock and people. 

The principal goal of organic production is to develop enterprises that are sustainable and 

harmonious with the environment 

According to FSSAI, 

(1) The organic food offered or promoted for sale shall also comply with all the applicable 

provisions of one of the following systems, namely: - 

(i) National Programme for Organic Production (NPOP); 

(ii) Participatory Guarantee System for India (PGS-India). 

(iii) Any other system or standards as may be notified by the Food Authority from time to time. 

(2) The Organic food which is marketed through direct sales by the small original producer or 

producer organization, as determined by the Food Authority from time to time, to the end 

consumer shall be exempted from the provisions of the systems referred in sub-regulation (1). 

 

“National Programme for Organic Production” means a programme of the Government of 

India which provides an institutional mechanism for implementation of the National Standards for 

Organic Production with a third-party certification control system as notified by the Director 

General of Foreign Trade under the Foreign (Development and Regulation) Act, 1992(22 of 1992); 

 “Organic Food” means food products that have been produced in accordance with specified 

standards for organic food production; 

“Participatory Guarantee System for India” means a quality assurance initiative by the 

Department of Agriculture Co-operation and Farmer’s Welfare, Ministry of Agriculture and 

Farmer’s Welfare, Government of India for organic production which emphasizes the participation 

of producers, consumers and other stakeholders and operate outside the framework of third party 

certification. 

Some Imp Certification agencies: 

1. Uttarakhand State Organic Certification Agency (USOCA)  

2. CU Inspections India Pvt Ltd. (w.e.f. 19/12/2018)  

3. APOF Organic Certification Agency (AOCA)  

4. Rajasthan State Organic Certification Agency (RSOCA)  

5. Vedic Organic Certification Agency  

6. ISCOP (Indian Society for Certification of Organic Products)  

7. TQ Cert Services Private Limited (formerly FoodCert India Private Limited) 



8. Aditi Organic Certifications Pvt. Ltd  

9. Intertek India Pvt. Ltd.  

10. Tamil Nadu Organic Certification Department (TNOCD)  

11. Chhattisgarh Certification Society, India (CGCERT)  

12. Madhya Pradesh State Organic Certification Agency  

13. Odisha State Organic Certification Agency (OSOCA)  

14. Natural Organic Certification Agro Pvt. Ltd.  

15. Uttar Pradesh State Organic Certification Agency  

16. Fair Cert Certification Services Pvt. Ltd. , M.P. 

 

 

Health Foods 

Health foods, functional foods and nutraceuticals are synonymous for foods that can help 

prevent diseases or bring improvement in the diseased state. Epidemiological studies and 

randomized clinical trials carried out in different parts of the world have suggested numerous 

health effects related to functional food consumption, such as reduction of cancer risk, 

improvement of heart health, enhancement of immune functions, lowering of menopause 

symptoms, improvement of gastrointestinal health, anti-inflammatory effects, reduction of blood 

pressure, antibacterial & antiviral activities, reduction of osteoporosis.  

Many food items which we consume since centuries possess certain health promoting 

components and can be termed as health foods for example isabgol and whole grain products of 

wheat, rice, barley, millets etc. provide dietary fibers that assist in regulating the bowel 

movements, prevent constipation and also prevent the absorption of cholesterol from Gastro-

Intestinal (GI) tract. Similarly fermented foods are health foods as they carry nutrients in pre-

digested form which improve the bioavailability of micronutrients and assist in excretion of toxic 

compounds from the body. Also, many milk proteins possess specific biological properties which 

make them potential ingredients of health promoting foods. 

All over world there has been growing demand for foods that can improve or maintain 

good health. Currently Japan leads the world in the production and consumption of functional 

foods, with more than 100 products on shelf. 

As per FSSAI, to qualify as functional food, the food should meet following conditions: 

· Food (not capsule, tablet or powder) derived from naturally occurring ingredients. 

· It can and should be consumed as part of daily diet. 

· When ingested it has capacity to regulate or influence certain physiological processes, such as 

1. Improvement of biological defense mechanisms i.e. immune enhancer 

2. Prevention and recovery of specific disease i.e. repair of tissue injury 

3. Control of mental and physical conditions i.e. regulating the nervous system 

4. Retard the ageing process i.e. check degenerative processes 

 

Junk Food 



 

Junk food is used to describe food and drinks low in nutrients (e.g. vitamins, minerals and 

fibre) and high in kilojoules, saturated fat, added sugar and/or added salt. They are also known as 

discretionary choices. Eating junk food on a regular basis can lead to an increased risk of obesity 

and chronic diseases like cardiovascular disease, type 2 diabetes, non-alcoholic fatty liver disease 

and some cancers. Junk foods are not a necessary part of any diet. 

The Food Safety and Standards Authority of India (FSSAI) has moved to prohibit the sale 

of junk food (foods and drinks high on fat, salt and sugar content) in school canteens against the 

backdrop of a growing crisis of childhood obesity in the country. Advertisements and promotion 

of food that is not healthy is prohibited in school premises and fifty metres surroundings. 

 

Trans fatty acids 

 

Hydrogenation of fats is a chemical reaction consisting of addition of hydrogen at double bonds 

of unsaturated acyl groups. This reaction is of great importance to industry, because it permits the 

conversion of liquid oils into plastic fats for the production of margarine and shortening. For some 

oils, the process also results in a decreased susceptibility to oxidative deterioration. An important 

factor in hydrogenation is the formation of positional and geometrical isomers. Formation of trans 

isomers is rapid and extensive. The proportion of trans acids is high because this is the more stable 

configuration. Soft margarines contain 14 to 18 percent of trans fatty acids. Shortenings contain 

22.5 percent, and fats in snack foods contain up to 46 percent of trans fatty acids. 

 

Prebiotics and Probiotics 

 

Fermented milk products containing live probiotic organisms (viz., Lactobacillus acidophilus, 

Bifidobacterium bifidum) in high numbers (i.e. > 108/g) is referred to as “Probiotic food‟, while 

inclusion of a prebiotic (food for probiotics) like fructo-oligosaccharides, Galacto-

oligosaccharides (GOS), Lactulose, Inulin, etc. makes the product “Synbiotic‟.  

Prebiotic promote growth of probiotic bacteria. 

 

https://health.economictimes.indiatimes.com/news/industry/advice-ignored-repeatedly-plan-afoot-to-ban-junk-food-at-schools/71999905
https://health.economictimes.indiatimes.com/news/industry/advice-ignored-repeatedly-plan-afoot-to-ban-junk-food-at-schools/71999905
https://health.economictimes.indiatimes.com/news/industry/advice-ignored-repeatedly-plan-afoot-to-ban-junk-food-at-schools/71999905


Food Flavours 

 Flavour is a sensory phenomenon which is a combination of the sensations of taste, odour 

or aroma, heat and cold, and texture or “mouthfeel”. Appearance of a food is important, but it is 

the flavor that ultimately determines its quality and acceptability. Natural flavouring materials 

such as spices, essential oils and fruit juices have been used for long in food preparations but as 

their supply has not kept up with the demand, with consequent rise in their cost, natural flavouring 

agents have been largely substituted by synthetic ones. Thousands of these synthetic compounds 

are now being used as food additives.  

 There are four basic tastes: salty, sweet, sour and bitter.  

 Sodium chloride is the only salt that has a pure salty taste. Besides imparting flavor to food, 

it is also an essential nutrient. Other salts have different tastes, e.g., some iodides and bromides 

are bitter while some salts of lead and beryllium are sweet.  

 Sugar are used more to impart sweetness than flavor to food. Fructose present in honey is 

the sweetest sugar followed by sucrose and glucose, whereas lactose in milk is slightly sweet and 

gives less flavor. Natural sweet compounds are generally polyhydroxy compounds with a straight 

chain structure, such as sugars and the hexahydroxy cyclic alcohols, mannitol and sorbitol. Diverse 

compounds, such as saccharin, some peptides and cylcamates are also sweet.  

 Sourness of food is due to the presence of organic acids of which citric, tartaric and malic 

are the most common. Acetic acid produced by fermentation of alcohol is common in processed 

fruits. Ascorbic acid is abundantly present in fruits and vegetables. Oxalic acid found in spinach 

and phosphoric acid and its salts are often used in the food industry. It is  remarkable that the 

hydrogen ion is mainly responsible for sour taste. Except oxalic acid, all other acids are weak acids 

and the degree of sourness is not proportionately related to the hydrogen ion concentration.  

Bitterness may be due to alkaloids, glycosides, other classes of organic compounds as well as 

inorganic salts. Naringin the bitter principle of grapefruit is a glycoside of rutinose and is not toxic, 

while amygdalin, a glycoside present in bitter almonds contains gentiobiose and cyanide group, 

and it toxic. Mustard and horseradish contain the alkaloid sinigrin, which is harmful and gives an 

offflavour. Quinine, strychnine, nicotine, etc., are bitter alkaloids. Caffeine, a constituent of coffee 

and tea, is bitter. Phenolic compounds like tannin and some flavonoids combine bitterness with 

astringency.  

Flavour compounds  

 The substances mainly responsible for the aroma of food products are volatile compounds. 

These may be aliphatic esters, aldehydes, or ketones and are present in fruit and other natural foods 

in very low concentration: many thousands of natural flavouring compounds are known and in any 



one food there may be hundreds of these present. Some ofh te important groups of flavouring 

compounds are as under:  

1. Flavonoids: Flavonoids are responsible for the flavor of many fruits, e.g., orange, lemon 

and grapefruit peels contain a number of flavanone glycosides. Among these, hesperidin 

(orange and lemon) and naringenin (grapefruit) are the most common. Hesperidin is quite 

tasteless, whereas naringenin has an extremely bitter taste.  

2. Terpenoids: Terpenoids are ubiquitous in plant foods. They are the major components of 

citrus oils and contribute to the flavor of citrus fruits. Limonene, a monoterpene 

hydrocarbon, possessing a lemon-like odour constitutes approximately 90 per cent of most 

citrus oils. Naturally occurring oxygenated terpenes (mainly alcohols, aldehydes and 

ketones) provide the characteristics flavor of individual citrus species, e.g., neral and 

geranial of lemons and nootkatone (bicyclic sesquiterpene) of grapefruit.  

In the presence of air or dissolved oxygen terpenes undergo structural changes and 

hydration, hence citrus juice concentrates prepared by low-temperature vacuum 

evaporation are superior in flavor than those processed at high temperatures. Juices of 

certain varieties of orange and grapefruit become bitter when kept at room temperature for 

some time, due to the formation  of the bitter limonin from its nonbitter precursor (limonin 

monolactone) by the action of the organic acids present in the juice. This can be prevented 

by removing the precursor by exposing the fruits to ethylene before juice extraction, or by 

the addition of a specific enzyme to the juice to degrade limonin.   

3. Sulphur compounds: Certain volatile sulphur –containing compounds possess powerful 

and distinctive odours which contribute to both the pleasant and unpleasant aroma of many 

foods, e.g., vegetables belonging to the genus Allium (onion, garlic) and Brassica (cabbage, 

cauliflower, Brussels sprouts, broccoli).  

Vegetables of the Brassica family contain the sulphur compounds S –methylcysteine 

sulphoxide and thioglucosides. On cooking the vegetables the former is converted into 

dimethyl sulphide which is partly responsible for odour. However, the predominant odour 

is that of the isothiocyanates formed from thioglucosides by enzymatic hydrolysis. This 

occurs only after rupture of  the cells when enzymes convert the thioglucosides into the 

unstable thiohydroxamic-o-sulphate which too is unstable and undergoes spontaneous 

degradation to isothiocyanate.  

The sulphur volatiles responsible for the odour of onion and garlic are not present as such 

in the intact vegetable tissue, but are formed rapidly when the tissue is ruptured by cutting 

or chewing, by the action of an enzyme on a precursor. The precursors and the enzyme are 

present in different cells of the tissue and come into contact only when the cells are 

ruptured. The precursors are cysteine sulphoxide derivatives which on enzymatic 

decomposition are converted into flavor compounds.  The latter then undergo 

nonenzymatic degradation to more volatile compounds such as sulphides, disulphides and 

trisulphides.  



The characteristic odour of garlic is due to allicin, which is formed from the odourless alliin 

(S-2 propenyl cysteine sulpoxide) by the action of the enzyme allinase. Allicin then 

undergoes nonenzymatic decomposition to disulphide and thiosulphinate. The disulphide 

further decomposes into a complex mixture of monosulphide and trisulphide.  

The production of the volatile constituent of onion takes place similarly. Here the precursor 

S-1- propenyl cysteine sulphoxide is enzymatically cleaved to give propenyl sulphenic acid 

which is unstable and undergoes rearrangement to thiopropanal S-oxide, the lachrymatory 

factor in onion.   

4. Other volatile components: A number of other important volatile components contribute to 

the aroma of foods. In terms of aroma,  food can be classified into four groups, namely,  

(i) Those in which aroma is mainly due to one compound, e.g., banana (isopentyl 

acetate), organge (citral), almond (benzaldehyde);  

(ii) Those in which aroma is due to a mixture of a few compounds, of which one is the 

major component, e.g., apple (2-methyl butyrate and four minor components);  

(iii) Those in which aroma can be reproduced faithfully by the use of a large number of 

compounds, such as pineapple, walnut; and  

(iv) Those in which aroma cannot be reasonable reproduced by a mixture of specific 

compounds, e.g., strawberries, chocolate. 

 These volatile compounds can be classified into the following important groups:  

(A) Carbonyl compounds: Acetaldehyde contributes to the odour of butter, hexanal to that of 

apples, benzaldehyde is responsible for the aroma of almonds, cherries and peaches and 

geranial for that of lemon.  

Amongst ketones. 2,3—butanedione contributes to the aroma of butter, celery and some 

other foods. Acetophenone is responsible for the flavor of many foods.  

(B) Acids: Some acids have powerful odours. Acetic acid gives its characteristic odour to 

vinegar, and 2-methylbutyric acid to cranberries.  

(C) Esters: The aroma of fruits is also dueto esters, e.g., pentyl valerate (apple), methyl 

salicylate (grape), pentyl acetate (banana), octyl acctate  (orange), ethyl butyrate 

strawberry), bulyl acetate (raspberry and strawberry).  

(D) Hydroxy compounds: Amongst alcohols, cis-3-hexen-1-ol (tomato and raspberry), 1-

octen-3-ol (mushroom) and geosmin (dry beans and beetroot) are important.  

Among the phenols, phenol itself contributes to the aroma of some cheeses. Vinyl guaiacol 

is present in many foods, eugenol is an important component of oil of cloves but is also 

widely distributed and thymol is responsible for the odour of tangerine.  

Moreover, a number of odoriferous amines, and oxygen, nitrogen and sulphur heterocyclics 

are components of various foods.  

Types of flavor  

 The flavours of processed foods can be broadly classified into three types viz., Developed, 

Processes and Added.  



1. Development flavor: Flavour compounds that are formed during food processing may be 

either solids or volatiles and may originate from,  

(i) Fractionation, particularly during the manufacture of perfumes, and  

(ii) Decomposition or other reactions of food components.  

2. Processed flavor: Heating changes the flavor of many foods profoundly, e.g., coffee beans, 

peanut s, meat.  

3. Added flavor: These are added to confectionery, non-alcoholic beverages and other 

prepared foods, and are of two types.  

(i) Essential oils or oleoresins or other extracts of aromatic plants, e.g., peppermint oil, 

and  

(ii) Synthetic substances that may or may not occur in nature, e.g., benzal dehyde 

(almond), acethlmethylcarbinol (butter), citral (orange), eugenol (clove), limonene 

(lemon), vanillin (vanilla).  

Flavour additives  

 In case of certain flavours the substances responsible for them are difficult or impossible 

to isolate from natural sources such as strawberry, cherry and beans. These natural flavours have, 

therefore, to be imitated as far as possible by mixing a number of flavouring agents, natural and / 

or synthetic. The success of such an imitation is more a matter of art than of science and is judged 

by the consumer preference for the flavoured product. Both essential oils and synthetic flavouring 

agents must be used in accordance with good manufacturing practice the salient points of which 

are :  

(i) The amount added shall not exceed that reasonably required to accomplish the intended 

effect.  

(ii) Substances that may become part of the food as a result of manufacturing shall be kept 

as low as possible.  

(iii) The substance shall be of good grade.  

Moreover, a flavouring agent may not be added to a food for which there is a standard, 

unless the standard includes it.  

 

 

*************** 

  



Definitions  

Flavouring: It is a substance which can impart flavor and is generally used to impart taste or odour 

or both to a food.  

Aroma : It refers to a pleasant, often spicy odour, fragrance, or smell.  

Flavour : It is a blend of taste and odour perceptions experienced when food is in the mouth.  

Aftertaste: It is the flavor that lingers in the mouth after food has been swallowed.  

Flavor intensifier : It is a compound that enhances the flavor of other foods without contributing 

any flavor of its own.  

 The flavor of any food depends upon minute quantities of 100 or more chemicals that are 

present in food. These falvouring components are present in concentrations ranging from a few 

ppm to 0.1 per cent. Food flavours are broadly classified as natural food flavours. Processed 

flavours and added flavours which may be natural extracted flavours or syntheticflavours (Fig.8.2).  

Natural Flavours  

 These are usually extremely complex mixtures of many different substances. Sometimes, 

the flavour of a natural flavouring agent may depend upon a single substance, e.g., the flavor of 

clove oil is because of the chemical eugenol that constitute 85 per cent of clove oil or it may be 

present in extremely small amount, such as citral in oil of lemon which constitutes  

Food flavours  

Natural flavours : Herbs, Spices, Aromatic seeds, Fruits , Vegetables  

Processed flavours : Fermented , Baked, Toasted, Roasted, Caramelized  

Added flavours :  

Natural extracted flavours :  

Essential Oils: Clove oil, Menthol  

Essences: Vanilla  

Extracts: Yeast, Beef  

Synthetic flavours :  

Fruit flavours: (Blend of esters), Banana, Peach, Pineapple, Vanillin  

Savoury flavours: Chicken, Onion, Smoked  

5 per cent of the oil. Natural flavoring agents are composed mainly of aromatic organic compounds 

present as volatile essential oils or as non-volatile constituents such as resins and oleoresins. They 

are formed in the plant during normal plant metabolism and remain as such when the plant is 

harvested.  

Some Flavoursome Plant Products   

Herbs : Basil. Parsley, celery, thyme, mint, etc.  

Fruits: Orange, lemon, apple, banana, strawberry, Pineapple, etc.  

Spices: Cardamon, clove, turmeric, peppercorns, etc.  

Vegetables: Mushrooms, corn, peas, onion, garlic, cabbage, turnips, etc.  

Aromatic seeds :Aniseed, cumin, fennel, dill, caraway, etc.  



 The aroma of onion, garlic, cabbage, etc. is mainly due to sulphur – containing compounds. 

These vegetables should not be overcooked. Other flavouring components in vegetables are 

methanol, acetone, propanal, etc.  

 Fruits such as apple owe their distinct flavor to 131 chemical components, while fresh 

strawberries contain over 100 volatile components. The flavor and aroma of fruits and vegetables 

is because of the presence of volatile organic chemicals such as esters, aldehydes, acids, alcohols, 

ketones, and ether present as essential. Oils in natural foods.  

Herbs  Description  Herbs  Description  

Basil  Small leaves with pungent 

flavor  

Ajwain  Small round seeds with 

sharp pungent taste  

Bay leaf  Dried aromatic leaf of the 

laurel tree  

Allspice  Berries with flavor of 

cloves, nutmeg, and 

cinnamon  

  Aniseed  Seeds look like cumin and 

has delicately sweet 

liquorice aroma  

  Star anise  Pretty star-shaped fruit with 

aniseed flavor 

Chervil  Looks like parsley with 

delicate stem and soft, 

almost wilting leaves; has 

faint flavor 

Asafetida  Strong – flavoured dried 

resin with strong smell  

Chive  Tender green shoots with 

mild onion and scallion 

flavor 

Cardamom  Black large pods and green 

small pods with pleasing 

warm aroma  

Coriander/cilantro  Looks like parsley; 

piquant taste and intense 

flavor with a fresh 

pungency  

Chillies  Numerous varieties of dried 

ripened green chillies with 

varying degrees of pungency  

Curry leaves  Long slender shiny dark 

green leaflets: strong 

warm spicy aroma curry 

flavor 

Cinnamon  Delicate inner sweet and 

fragrant bark of small 

evergreen laurel-like trees  

Dill  Fine feathery green stands 

with sweet aromatic flavor 

of caraway and lemon  

Cloves  Dried unopened flower buds 

with a sweet pungent flavor 

and aroma  

Fennel  Fine wispy leaves with 

mild aniseed and dill 

flavor 

Coriander 

seeds  

Yellowish brown round light 

seeds with pleasant flavor 

Horseradish  Long tapering root with 

powerful smell and fiery 

taste  

Cumin and 

caraway seeds  

Caraway seeds are smaller 

new moon-shaped seeds 

resembling cumin; pungent, 

sharp, and astringent tasting 

seed  



Kaffir lime leaf  Looks like bay leaf but 

fresh, green and smaller 

with aromatic lime flavor 

  

Lemon grass  Pale green long sturdy 

leaves with distinct 

lemony flavor 

Fennel seeds  Sweet aniseed-like flavor 

Marjoram  Similar to oregano but 

slightly sweeter flavor and 

a sweet, almost perfumed 

aroma  

Fenugreek 

seeds  

Small aromatic curry 

flavoured hard beige-

coloured seeds 

Mint  Leaves of spearmint plant 

containing peppermint oil  

Galangal  Galangal is simila to ginger  

Oregano  Wild variety of marjoram 

with a stronger flavor; 

warm aroma and pleasant 

slightly musty flavor 

Garlic  Bulb with characteristic 

flavor of diallyl disulphide 

and high medicinal value  

Parsley  Refreshing flavor with 

grassy undertones  

Kokum  Dried sour fruit rich in 

anthocyanin  

Rosemary  Narrow spiky leaves with 

a fragrant evergreen smell  

Ginger  Rhizome or root with sharp 

burning sensory stimulation, 

used fresh or dried.  

Sage  Pale green leaves with 

earthy flavor 

Mace and 

nutmeg  

Mace is the outermost 

covering of the nutmeg fruit 

while nutmeg is the fruit; 

both have aromatic sweet 

and warm flavor 

Tarragon  Slender leaves with 

intense sweet 

aniseed/vanilla flavor  

Mango 

powder  

Substitute for tamarind and 

lime  

Thyme  Tiny greenish grey petals 

with pungent earthy flavor 

Mustard seeds  Hot pungent taste, small 

round black, brown and 

yellow seeds  

Wasabi  Root with delicate apple-

green flesh; f flavor milder 

than horseradish  

Pepper  Dried pungent small round 

berries, black, red, green and 

white in colour; also 

classified as condiment  

  Pomegranate 

seeds    

Dried seeds of fruit with 

sharp sour taste used for 

sourness  

  Saffron  Stigmas of a crocus which 

are dried and used for 

distinctive flavor and bright 

yellow colour; very 

expensive spice.  

  Tamarind  Sour, fruity flavor, brown 

bean-like seed pod  



  Turmeric  Rhizome with bright yellow 

colour used in curry powder  

  

  

 

 Some flavours in food  

 

 Natural flavours  

Foodstuff  Principal flavoring agent  

Mint  Menthol  

Thyme  Thymol  

Cloves  Eugenol  

Pepper  Piperidine  

Butter  Diacetal  

Orange  Limonene  

Lemon  Citral  

Garlic  Diallyl disulfide  

Turmeric  Curcumin  

 Synethetic fruit flavours  

Flavor  Chemical (mixtures of esters and alcohols) 

Banana  Ethyl butyrate +amyl acetate  

Peach  Benzaldehyde, benzyl alcohol  

Apple  Ethyl acetate  

Pineapple  Pentyl acctate 

Strawberries  Methyl and ethyl acetates propionates and 

butyrates  

 Flavor enhancers  

Foodstuff  Flavouring compound  

Chicken soup  Monosodium glutamate  

Mushrooms  Nucleotides, i.e., GMP Disodium 5-guanylate  

 

Taste components in fruits and vegetables  

Taste  Substance  

Sweet  Glucose, galactose, fructose, ribose, arabinose, and xylose  

Bitter  Quinine-like compounds  

Sour  Organic acids such as citric, tartaric, oxalic, malic, isocitric, 

succinic acid, etc.  

Salty  Small amount of salt  

 

 



 

***************** 
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Pigments 

 The first impression of a food is usually visual and a major part of our willingness to accept 

a food depends upon its colour. The colour of food may vary considerably, from place to place and 

from season to season, depending upon numerous factors. Colour can be on indicator of the many 

types of deteriorative changes undergoing by the food. The change of colour during the preparation 

of food is a useful index of the required degree of cooking. Colour also provides a useful guide to 

quality control and is used by the food processor as a criterion for selecting raw materials.  

 The characteristic colour of raw food is due to the natural pigment present in the plant & 

animal materials. Sometimes, artificial colour matter is added in the preparation of foods and in 

their processing.  

Chlorophylls 

 Chlorophylls are green pigments involved in photosynthesis in plant & some micro 

organisms.  

 There are a number of chlorophylls such as chlorophylls a, b, c and d; bacterio chlorophylls 

a and b, and chlorobium chlorophylls.   

 In foods only chlorophylls a and b, found in higher plants, are important. They are present 

in the leaves in chloroplasts, normally in the ratio 3:1, emdeded between a layer of protein 

and lipid with carotenoids alongside.  

 It is fat soluble pigment.  

 It is a complex molecule containing four pyrrolerings with magnesium in the centre.  

 Mg++ is most important for green colour of chlorophyll, once it is removed from chlorophyll 

molecule brown colour is produced.  

 Under acidic conditions, mg of the chlorophyll is replaced by Hydrogen (H+) giving 

pheophytins, with change in colour from green to dull olive brown.  

 The phytol group present in chlorophyll is removed by enzyme chlorophylluse, resulting in 

the formation of chlorophillides (green compound). If mg is removed from chlorophyllides, 

the corresponding pheopherbides are formed (dull olive brown). This reaction is responsible 

for deterioration of chlorophyll pigments during processing & storage of foods.  



Dr. Sabbu Sangeeta & Dr. Sweta Rai, Dept. of Food Science & Technology, College of Agriculture, GBPUAT, Pantnagar      Page 

2 
 

Chlorophyll                       Chlorophillides 

+H -mg -mg 

 

Pheophytin                       Pheophorbides 
(dull olive brown)                                                        (olive brown) 

 

 The colour change of chlorophyll is influenced by  

a. Time & temp of blanching  

b. Amount of acid produced during processing within the system & during storage.  

Preservation of green colour of heat-processed green vegetable  

1. Chlorophylly converted into chlorophyllides by the use of natural enzyme (chlorophyllare) 

because chlorophyllides are more stable than chlorophyll. 

2. Use low temperature for drying because this enzyme functions at temperature range of 65-

75°C.  

3. Use of alkalizing agents (NaHCO3) to neutralize the acidity.  

4. High temp short time (HTST) processing has also been used to stabilize the molecule during 

heat processing. However there is always some deteriorate of chlorophyll with storage, 

whatever the processing method used.  

Myoglobin 

 The colour of fresh muscle is due predominantly to myoglobin muscle pigments also 

includes cytochrome, haemoglobin, vit B12 & yellow coenzyme with cytochromes in the electron 

transport system in the cell.  

 Myoglobin combined with oxygen and converted into oxymyglobin which is bright red 

in colour.  

 On prolonged exposure to oxygen, the reduced form of iron of myoglobin get oxidized 

(Fe3+) resulting in the formation of met-myoglobin which is brown in colour. This is 

accelerated by high temp, O2 pressure, fluorescen and in candescent light, salt & 

presence of metals. In fresh meat, the production of indigenous reducing substances 

constantly reduces metmyoglobin to myoglobin.  

 -O2                      Oxidation 

Cholrophyllase 

-phytol 

-phytol 
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oxymyoglobin Myoglobin               Metmyoglobin 
    (bright red) + O2    (purplish)                    Reduction                           (brown) 

                             

 Myoglobin also combines with nitric oxide and form nitrosomyoglobin which is a stable 

red-pink pigment and iron remain in ferrous state.  

Meat + Nitrite Nitric oxide myoglobin                Nitric oxide myochrome 
                                                 (Nitrosomyglobin, pink color)      Heat              (More intense pink) 

 

 Carotenoids  

 Carotenes are a group of lipid- soluble hydro carbons & their oxygenated derivatives are 

called xanthophylls.  

 It is most widely found in green leaves, yellow & red fruits & many roots.  

 Carotenoids pigments include b-caroteno, zeakanthin, lycopene (intemato) capsanthin (red 

pepper), bixin (annutto) etc.  

 Carotenoids exist in crystalline or amarphaus solids, and also exist in c is and trds form. In 

nature, carotenoids, having only the trans configuration, which are stable structures, are 

found.  

 B-caratene is the precursor of vit A, it yields two molecule of Vit A.  

 The stability of carotenoids varies widely in foods. The pigments may …. Oxidize by 

reaction with atmospheric oxygen at rates depends on light, heat and presence of pro and 

anti oxidants.  

 In the presence of unsaturated fatty acids, lipoxygenases bring about the oxidative 

degradation of carotenes.  

 Carotenes can also change colour by undergoing isomerization from trans and cis 

configuration. This change is facilitated  

o Organge red colour ----- trans configuration  

o Lemon yellow -------- cis configuration  

o In the presence of acids and with temperature.  

 Carotene obtained from natural extracts from annatto, saffron, paprika, tomatoes etc are used 

as food colourants.  

 Extract from carrots, butter fat, palm oil (yellow colour) have B-carotene & thus show vit A 

activity.  
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Anthocyanins  

 These pigments are responsible for red, purple & blue colour of fruits, veg & flowers.  

 There are water soluble compounds.  

 Anthocyanins are polyphenols containing hydroxylgses  

 All anthocyanins are derivatives of the basic flavylium action structure. Due to presence of 

flavylium, anthocyanins are highly reactive.  

 The aglucene of an anthayanin is an anthocyanidin A no. of anthocyanidins are known. Six 

of them are imp. In foods. They are pelargonidin, cyaniding, delphinidin, peonidin, 

petunidin and malvidin.  

 The discoloration of anthocyanin depends on pH and temp.  

o At low pH – the colour anthocyanin is intense red at  

o At high pH- orange red to blue or purple  

 In presence of SO2, anthocyanin is bleached rapidly.  

 Ascorbic acid reacts with anthocyanin, resulting in degradation of both compounds. 

Oxidation of ascorbic acid is catalysed by Cu and Fe compounds and this result in a greater 

oxidation of anthocyanin. 

 Sugar also influences the stability of anthocyanin. Accelerated instability of anthocyanin in 

presence of sugar derivatives, ascorbic acid, amino acids and phenols may be due to actual 

condensation reaction of these compounds or their degradation product with pigment.  

 Many enzymes such as gycosidase, phenolases, peroxidases also bring about the degradation 

of anthocyanin.  

 Leucoanthocyanins are colour less compounds which, during processing & handling, are 

converted into colored products (anthocyanidins, red in color), due to this reasons some 

canned fruits develop colour with time.  

Colours Additives  

- Colour additive is any dye, pigment as substance that can impart colour when added or 

applied to a food, drug, cormetic or to the human body.  

Dyes – dissolve in water & are manufactured as powder, granules, liquid or other special 

purpose form. They can be used in variety of products (beverage, dry mixes, confectionary). 
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Lakes – are the water insoluble form at dye. Lakes are more stable then dye. Generally used 

for coloring of fat & oils, coated tablets, cake & chewing gums.  

Colours are added to make the food – attractive  

- To improve the aesthetic quality of foods,  

- To replace natural colour destroyed during processing  

- To insurje the batch to batch uniformity in processed food.  

- Serves as visual indication of quality.  

Natural colours  

1. Anthocyanin- It comprise a diverse group of glycosidic derivatives of the – phenyl 

benzophyrylium structure.  

- It impart blue, violet & certain red colour to many edible F & V.  

2. Carotenoids & xanthophylls –  

- Carotenoids comprise of aliphatic & alicydic unsaturjated terpenes (compared of eight 

isoprene units). It is oil soluble colours.  

- Carotenoid may be natural or synthetic : Natural extracts include annatto from the seeds of 

tropical plants.  

- Xanthophylls comprise a group of yellow carotenoid pigments closely related to carotenes 

but having keto or hydroxyl substitute  

- Most imp commercial carotenoids are B- carotene & canthaxanthis  

- kB carotene – precursor of Vit A  

3. Bixaorellana – Which contains bixin as main component.  

a. Saffron – contains – crocetin, B –carotene & zeaxanthe… 

b. Paprika ---- capsanthin & capsorubin  

c. Carrot ----  b & … carotenes  

d. Pink edible mushroom ----canthaxanthin  

e. Tomato --- lycopene  

f. Red palm oil --- lycopene &  lutein  

4. Betalaines – present in red beet root  

5. Caramel – complex polysaccharide. Prepared by heating a food grade carbo like glucose, 

sucrose or starch in the presence o catalyst (acetic sulfureeus or citric acid or bases like 

ammonia, CaOH & NaOH).  
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6. Curcumin – present in turmeric.  

7. Annatto – it is a yellow carotenoid preparation obtained from seeds of plant Bixa orellana.  

It is mixture of bixin + monomethyl ester of dicarboxyic  

Carotenoid compound + norbixin.  

- Commonly used in dairy products.  

- Cis form in reddish in colour  

- Trans form in yellow in colour  

Synthetic colour  

 The following synthetic colours are permitted to be used in foods under PFA rules. 

Colour Common Name 

Red  Ponceace 4R  

Carmosine  

Erythrosine  

Yellow  Tartrazine, sunset yellow FCF 

Blue  Indigo carmine  

Brillent blue FCF  

Green  Fast green FCF  

Non permitted colours  Rhodamine, orange G., Amaranth, Fast 

Red, Metanil yellow  

 

 

******************** 
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                                                                  Bioactive compounds 

 
Introduction: 

Bioactive natural products have always played a significant role as novel therapeutically agents 

irrespective of their source of origin. They have a profound effect on human health by both direct 

and indirect means and also possess immense medicinal properties. Fruit and species are highly 

consumed throughout the world. Epidemiologic information supports the association between high 

intake of fruits and low risk of chronic diseases. There are several biological reasons why the 

consumption of fruits might reduce or prevent chronic diseases. Fruits are rich sources of nutrients 

and energy, have vitamins, minerals, fiber and numerous other classes of biologically active 

compounds. Moreover, parts of fruit crops like peels, leaves and barks also possess medicinal 

properties. The term "bioactive" is composed by two words: bio and active. In etymology: bio- 

from the Greek (βίο-) "bios" [bio-, -bio], refers: life. And –ctive from the Latin "activus", means: 

dynamic, full of energy, with energy, or involves an activity.  

  “A bioactive compound is a compound that has an effect on a living organism, tissue or cell. In 

the field of nutrition bioactive compounds are distinguished from essential nutrients. While 

nutrients are essential for the sustainability of a body, the bioactive compounds are not essential 

since the body can function properly without them, or because nutrients fulfill the same function. 

Bioactive compounds can have an influence on health”  

 

Bioactive compounds are essential and non-essential compounds (e.g., vitamins or polyphenols) 

that occur in nature, are part of the food chain, and can be shown to have an effect on human health. 

Bioactive compounds are also referred to as nutraceuticals, a term (coined in 1979 by Stephan 

DeFelice) that reflects their existence in the human diet and their biological activity. Bioactive 

substances present as natural constituents in food provide health benefits beyond the basic 

nutritional value of the product. 

 

Types:  

Fruits are abundant   in different bioactive compounds including phytochmicals ( Phenolic acids, 

flavonoids,  carotenoids, tannins, lignans and  stilbenes), vitamins (provitamins A, C, E and K), 

minerals (potassium, calcium and magnesium) and dietary fibers which play a critical role in 

human health by alleviating several chronic diseases mainly coronary heart diseases, cancers, 

diabetes, cataracts and so on. These compounds vary widely in chemical structure and function 

and are grouped accordingly. Some examples of bioactive compounds are carotenoids, flavonoids, 

carnitine, choline, coenzyme Q, dithiolthiones, phytosterols, phytoestrogens, glucosinolates, 

polyphenols, and taurine. Since vitamins and minerals elicit pharmacological effects, they can be 

categorized as bioactive compounds as well.  

 

https://www.sciencedirect.com/topics/food-science/carotenoid
https://www.sciencedirect.com/topics/food-science/flavonoid
https://www.sciencedirect.com/topics/food-science/phytosterols
https://www.sciencedirect.com/topics/food-science/polyphenol
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Health benefits: 

Bioactive compounds are particularly significant owning to their medical properties such as anti-

inflammatory, antimicrobial, antioxidant, anticancer and their preventive effects against several 

chronic diseases. The health benefits deriving from the consumption of certain foods have been 

common knowledge since ancient times. Bioactive compounds are molecules that can present 

therapeutic potential with influence on energy intake, while reducing pro-inflammatory state, 

oxidative stress, and metabolic disorders. Epidemiological studies indicate that high consumption 

of foods rich in bioactive compounds with antioxidant activity, including vitamins, 

phytochemicals, and mainly phenolic compounds, such as flavonoids and carotenoids, has a 

positive effect on human health and could diminish the risk of numerous diseases, such as cancer, 

heart disease, stroke, Alzheimer’s, diabetes, cataracts, and age-related functional decadence. The 

diversity of chemical structures of bioactive compounds influences bioavailability and biologic 

properties, while antinutritional factors can decrease the bioavailability of certain compounds or 

inhibit digestion enzymes. 

Food Sources: 

    Food bioactive compounds are extranutritional constituents that typically occur in small 

quantities in foods. Many foods, including fruits, vegetables, fish, seaweeds, herbs, cereals, 

legumes, nuts, olive oil, vegetables, fruits, tea, and red wine etc., are known to be excellent sources 

of bioactive compounds, such as carotenoids, phenolic compounds, terpenoids, fatty acids, and 

saponins, among others. Other bioactive compounds including carotenoids and organosulfur 

compounds have antioxidant properties, and some studies have demonstrated favorable effects on 

different diseases.  

Table 1. Bioactive compounds, their occurrence in foods, and health-promoting properties 

Bioactive 

Compounds 
Occurrence in foods Health-promoting property 

Flavonoids 

Flavones 

Luteolin 
Broccoli, green pepper, parsley, 

oregano, carrots, and rosemary 
Anticarcinogenic activity  

Apigenin 
Many fruits and vegetables, parsley, 

celery, celeriac, and chamomile tea 
Anticarcinogenic activity  

Tangeritin Citrus peels 

Antihypercholesterolemia effect 

antioxidant activity and 

anticarcinogenic activity  

Flavonol 

Quercetin 
Fruits and vegetables, especially 

onions, citrus, apples, dark berries, 

Encouraging blood flow and 

promoting cardiovascular health 

properties  
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Bioactive 

Compounds 
Occurrence in foods Health-promoting property 

grapes, olive oil, green tea, and red 

wine 

Kaempferol 

Apples, grapes, tomatoes, green tea, 

potatoes, onions, broccoli, brussels 

sprouts, squash, cucumbers, lettuce, 

green beans, peaches, blackberries, 

raspberries, and spinach 

Anticarcinogenic activity and 

antioxidant activity  

Myricetin 
Vegetables, fruits, nuts, berries, tea, 

and red wine 

Antiinflammatory activity, anti-

nonenzymatic glycation, and 

antihyperlipidemia  

Galangin Propolis 

Antimicrobial activity, antioxidant 

activity, anticarcinogenic activity, 

and antiinflammatory activity  

Flavanone 

Hesperitin Citrus fruits 

Antioxidant activity, 

anticarcinogenic activity, 

hypolipidemic activity, and 

vasoprotective activity  

Naringenin Grapefruits, oranges, and tomatoes 

Antioxidant activity ,  anti- 

inflammatory activity and immune 

system modulator  

Isoflavones 

Genistein Soybeans, legumes, and chickpeas 
Antioxidant activity and estrogen 

mimicking property  

Daidzein Soybeans and soy products like tofu 
Antioxidant activity and estrogen 

mimicking property  

Glycitein Soy products 
Antioxidant activity and estrogen 

mimicking property  

Vitamins 

Pyridoxal 
Meats, whole-grain products, 

vegetables, nuts, and bananas 

Reducing cardiovascular disease risk 

property and anticarcinogenic 

activity  

Niacin 

Liver, chicken, beef, fish, cereal, 

peanuts, legumes, avocados, tomatoes, 

leaf vegetables, carrots, sweet 

potatoes, asparagus, nuts, whole grain 

products, and legumes 

Reducing cardiovascular disease risk 

property  
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Bioactive 

Compounds 
Occurrence in foods Health-promoting property 

Riboflavin 

Milk, cheese, leafy vegetables, liver, 

kidneys, legumes, yeast, mushrooms, 

and almonds 

Antioxidant property and protection 

from migraine  

Nicotinamide 
Meat, fish, nuts, mushrooms, and 

some vegetables 

Anti-inflammatory activity and 

antianxiety activity  

Ascorbic acid 

Citrus fruits, tomatoes, tomato juice, 

potatoes, red and green peppers, 

kiwifruit, broccoli, strawberries, 

brussels sprouts, and cantaloupe 

Antioxidant activity , 

anticarcinogenic activity  and 

reducing cardiovascular disease risk 

property  

Others 

Silymarin Milk thistle 

Anticarcinogenic activity , 

preventing liver from alcoholic 

cirrhosis  

Vanillin 
Vanilla, paraguay orchid, and Chinese 

red pine 

Antimicrobial activity and 

antioxidant activity  

Cinnamaldehyde Cinnamon bark 
Antimicrobial activity and 

anticarcinogenic activity  

Punicalagin Pomegranates Antioxidant activity  

Curcumin Turmeric 

Antibacterial activity , anti-

inflammatory activity and 

antioxidant activity  

       

Antimicrobial/Bioactive compounds in different spices 

Spice  Antimicrobial compounds  Spice  Antimicrobial compounds  

Clove  Eugenol  Cumin  Cymene, cuminaldehyde  

Oregano  Carvacrol, thymol  Garlic  Allicin, diallyl thiosufinate  

Thyme  Thymol  Ginger  Gingerol, zingiberene  

Cinnamon  Cinnamaldehyde, cinnamyl 

acetate  

Black 

pepper  

Piperine  

Mustard  Allyl isothiocyanate  Turmeric  Curcumin  

Onion  Quercetin  Fennel  Thymoquinone  
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FOOD MICROBIOLOGY 

Learning objectives 

 Understand the significance of food microbiology in the food industry 

 Describe the important factors affecting microbial growth.  
 Describe source of contamination & cross contamination 

 Causes of food spoilage due to microbes 

 Provide knowledge to prevent food borne illness. 

Introduction 

Microbiology is a specialized area of biology dealing with organisms too small to be 

seen without sufficient magnification. They can be seen under a microscope after they are 

magnified. A compound microscope magnifies a microbe up to 1500 times while an electron 

microscope is required to study viruses and has a magnification power up to 500000 times. 

Microbiologists study bacteria, fungi, parasites, and viruses, including their interactions with 

humans, animals, plants, and the environment. 

 
 Food microbiology is specifically concerned with the desirable and undesirable 

effects microbes can have on the quality and safety of food products. Microorganisms are 

ubiquitous, i.e., they are present everywhere. They are found in the air, soil, water, all 

surfaces, food and in and on bodies of all living beings. There are five groups of 

microorganism that are important in food microbiology. They are: 

1. Viruses 

2. Bacteria 

3. Fungi (yeast & molds) 

4. Algae 

5. parasites 

Important microorganisms in food microbiology 

Viruses 

 They are smallest form of microorganisms, can only grow & reproduce inside living 

cells i.e. they are strictly parasite. 

 They are very minute in size, approximately one-tenth to one- hundredth the size of 

bacteria. 

 They can only be seen under electron microscope. 

 They are varying in shape & size from 0.015 micrometers to 0.2 micrometers. 

 They are composed of genetic material—either deoxyribonucleic acid (DNA) or 

ribonucleic acid (RNA)—enclosed in a protein coat. A virus must invade a living host 

cell in order to replicate. 

Bacteria 
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 Bacteria are microscopic, unicellular organisms of different shape, sizes and activity. 

 Their size varies from 0.2µm to 10µm and is one micrometer on an average. 

 Bacteria can multiply to form groups or colonies on a food source. After a sufficient 

number of replication cycles a colony of bacteria can be seen with the naked eye.  

 Different kinds of bacteria will have different shapes or forms.  

 Many bacteria have either a spherical shape or an elongated rod shape.  

 A spherical shaped bacterium (singular) is called a coccus, and a group of spherical-

shaped bacteria (plural) are called cocci.  

 A rod shaped bacterium is called a bacillus, and a group of rod-shaped bacteria are 

called bacilli.  

 Some species of bacteria appear as individual cells microscopically. Other bacterial 

species may combine to form pairs (e.g., diplococci), groups of four (tetrads), grape-

like clusters (e.g., staphylococci), and chains (e.g., streptococci or streptobacilli).  

 Many bacteria have projections from their cell walls called fimbriae (or attachment 

pili). These structures assist those bacteria in attaching to one another as well as to 

other surfaces. Some types of bacteria possess flagella that allow those bacteria to be 

motile.  

 Certain bacteria (e.g., Clostridia spp.) have the capacity to sporulate or form spores 

(also called endospores). Simply put, a spore-forming bacterium encapsulates its vital 

structures in a tough outer coat when environmental conditions become harsh. Spores 

are resistant to heat, chemicals, and other environmental conditions. Bacterial spores 

are unable to reproduce; however, once conditions again become favorable for growth 

the spores reactivate and become vegetative (reproducing) cells again.  

 Some bacteria can produce toxins that in sufficient doses cause foodborne illness 

(e.g., botulism). Toxins can be produced by spore-forming bacteria, but only in the 

vegetative state. Suppressing reactivation to the vegetative state, then, is important in 

ensuring food safety in many processes. Some non-spore forming bacteria, like 

Staphylococcus aureus, can also produce toxins. 

Fungi 

 This group includes the lower plants which lack chlorophyll and are mainly 

saprophytic. 

 The fungi consist of two major groups of microbes, molds and yeasts. Molds and 

yeasts tend to be significantly larger than bacteria. Both molds and yeasts are widely 

distributed in nature, both in the soil and in dust carried by air. 

 

Molds 

o Molds are multicellular organisms. 

o Molds have a branching filamentous structure, and can develop into colonies 

visible as a colorful, furry or downy coating on food or surfaces. 

o They reproduce by producing small spores, which are not related to bacterial 

spores mentioned above.  
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o Mold spores can be picked up and spread by air currents. If mold spores 

settle on suitable surfaces, they will begin to germinate and produce new 

mold growth.  

Yeast 

o Yeasts are single-celled organisms. 

o Yeasts are usually egg-shaped, and tend to be smaller than molds. 

o Like molds, yeasts can be spread via air currents.  

o They reproduce by a process known as budding. Visible colonies of yeast are 

generally slimy in appearance and creamy white. 

Algae 

 Algae include both unicellular & multi-cellular organisms found naturally in water. 

 They contain chlorophyll and are photosynthetic. 

 They are varying in shape and size from one micrometer to many feet.  

 They are important as primary producers of food for the aquatic environment. 

Parasites 

 Parasites are living organisms that derive nourishment and protection from other 

living organisms called hosts.  

 These organisms live and reproduce within the tissues and organs of infected human 

and animal hosts. There are different types of parasites, and they range in size from 

single-celled protozoa to multi-cellular worms.  

 Protozoan parasites are visible only through a microscope.  

 Many adult parasitic worms are visible without a microscope; however, a microscope 

is necessary for detecting eggs and preadult forms of some worms.  

Factors affecting the growth of microbes 

The factors affecting the growth of microbes are divided into two groups as follows: 

1. Intrinsic factors: The parameter of plant & animal tissues & microbes are that are 

inherent part of the tissues referred to as intrinsic factors.  It includes 

 pH 

 Nutrient Content 

 Redox Potential (Eh) 

 Water activity (aw) 

 Time  

 

2. Extrinsic factors: These are environmental factors which includes 

 Relative humidity 

 Temperature 

 Inhibitory substances   

 biological structures 
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pH level 

 The degree of acidity or alkalinity of an aqueous solution is expressed on a scale 

between 0 and 14 referred to as the pH scale.  

 pH value below 7 are acidic and values above 7 are alkaline.  

 The pH of pure water is 7.0, which is referred to as neutral pH. 

 Most microorganisms prefer a neutral pH to grow & multiply. 

 Most bacteria will not grow at pH levels below 4.6 because the environment is too 

acidic.  

 Many molds and yeasts can grow at a lower pH (4-4.5) than do bacteria.  

 On the basis of pH, food products are often grouped as 

o High-acid or acid foods (pH below 4.6) and  

o Low-acid foods (pH 4.6 and above).    

 In general food with high acid has better shelf life as compared to neutral pH. 

 Molds can tolerate a wider range of pH as compared to yeast & bacteria. 

 

 

 

Nutrient content 

 A suitable supply of nutrients is the most important condition affecting growth of 

bacteria. Every living cell requires certain nutrients to multiply.  

 These include solutions of sugars or other carbohydrates, proteins, and small amounts 

of other materials such as phosphates, chlorides and calcium. If the nutrient supply is 

removed, bacteria will not multiply. 

Water activity (aw) 

 Water activity is related to the amount of water available for the metabolic reactions 

within the cell. 

 The availability of water in a food (referred to as water activity, or aw) is an important 

factor for microbial growth.  

 Generally, bacteria have the highest aw requirements, molds have the lowest, and 

yeasts are intermediate. 
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 It is important to note that aw is not necessarily equivalent to measures of moisture 

content in a product.  

 Most moist food products will have greater water availability to support microbial 

growth than dryer food products, but there are exceptions. For example, some 

processing methods might incorporate certain chemical ingredients (e.g., salt) that 

bind to free water and in sufficient concentrations significantly reduce aw limiting the 

growth of some microbes. 

Time  

 Microorganisms need time to grow to numbers, large enough to harm us.  

 Permitting sufficient time for microbes to adapt to their environment (lag phase) is 

necessary before they can enter the rapid growth phase (log phase).  

 The doubling time for most bacterial species is between 10-30 minutes under optimal 

conditions for growth.  

 Food which is consumed as soon as it is cooked has lesser chances of causing 

foodborne illnesses. 

 No potentially hazardous food should be allowed to remain within the zone for more 

than 4 hours total. 

Relative humidity (RH) 

 RH & aw are inter-rerated. 

 When food commodity having low aw is stored in atmosphere of high Rh, water will 

transfer from gas phase to food. It will take long time to increase in aw. 

 High RH favours the growth of molds 

 If RH is too low during storage - many vegetables will lose water & become flaccid. 

 If RH is too high – condensation may occur & microbial spoilage may be initiated. 

Temperature 

 All bacteria, molds, and yeasts have an optimum, maximum, and minimum 

temperature for growth. They grow best at their optimum temp.   

 These temperatures can vary among different species of microbes.  

 Therefore, environmental temperature not only impacts the rate of growth of microbes 

but can determine which microbial species thrive.  

 They grow & multiply best in the temperature range between 5ºC to 63ºC (41ºF to 

145ºF). This temperature range is called ‘DANGER ZONE’ because the optimum, 

maximum, and minimum temperature for growth of most microbes will fall 

somewhere within that range. However, it is important to note that time is a major 

factor associated with the rate of growth at a particular temperature. 

 Microbes are destroyed if exposed to temp. above 63 ºC for several minutes. 

 Their growth is retarded at temp. below 5 ºC   

 On the basis of temperature the microorganisms can be classified into three groups: 

a) Psychrophilic grow well at 7ºC or below and have an optimal growth 

temperature range of 20–30ºC. e.g. Pseudomonas  
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b) Mesophiles grow well between 20 and 45 ºC and have an optimal growth 

temperature range of 30–40ºC. e.g. Lactobacillus  

c) Thermophiles grow well at 45ºC or higher and have an optimal growth 

temperature range of 55–65ºC. e.g. Clostridium, Bacillus 

 

Redox potential or oxygen requirement 

 Oxygen is essential to carry out metabolic activities that support all form of life. 

 According to O2 requirement microbes can be divided into different groups. 

a) Obligate aerobes: They can only grow in the presence of oxygen. e.g. 

Bacillus, Pseudomonas etc. 

b) Obligate anaerobes: They cannot survive in the presence of oxygen. e.g.  

Clostridium.  

c) Facultative microbes: They can grow in the presence or absence of 

oxygen. e.g. Salmonella, Lactobacillus etc. 

 Molds require oxygen for growth.  

 Yeasts grow best under aerobic conditions, but some can grow slowly under 

anaerobic conditions.  

 The kinds of bacteria that cause food spoilage tend to be aerobes, but those that 

cause foodborne illness are anaerobes or facultative anaerobes. 
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Inhibitory or antimicrobial substances 

 They are present in the food or added purposely to prevent the growth of microbes. 

Food items Antimicrobial compounds 

Garlic, onion Allicin 

Clove, cinnamon Eugenol 

Cran berries Benzoic acid 

Milk  Lactoferrin 

Egg Ovotranferrin, avidin 

Cheese Nisin 

 

Biological structures 

 Inner part of healthy tissues of living plant & animals are sterile or low in microbial 

content. 

 Protective covering on the food like shell on egg, skin on poultry, shell on nuts, skin 

of fruits & vegetables, artificial coating like plastic or wax. 

 Layers of fat over meat may protect the part of flesh. 

 Scales may protect the outer part of fish. 
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USEFUL & HARMFUL MICROBES 

Introduction 

Some microorganisms are beneficial to human beings. They bring about the decay if 

living organisms which have perished. They are important part of the life cycle, returning the 

nutrients of dead matter back to the soil, and conserving the fertility of soil. Algae & mold, 

including mushrooms, are used as food. Yeast is cultivated on a large scale referred to as 

microbial farming. Food yeast is rich in B-complex vitamins and is also used for enzyme 

production. Vitamins & antibiotics are produced by different bacteria and species of mold 

Penicillium. They play an important role in the food industry and form part of our daily diet, 

e.g. curd, bread, cheese and alcoholic beverages all require some type of microorganisms for 

their preparation. 

Food fermentation 

 Fermentation is a chemical process that breaks down organic material.  

 This process is carried out by microbes such as bacteria, yeast and mold called culture 

media.  

Types of fermentation 

1. Alcoholic fermentation 

 

Sugar from grape juice                                                                                            wine + CO2 

 

Sugar from malted grains of barley Beer+CO2 

 

2. Lactic acid fermentation 

 

Lactose + water                 glucose + galactose   Lactic acid 

 

3. Acetic acid fermentation (manufacturing of vinegar) 

Step I 

Sugar     Ethyl alcohol + CO2 

 

Step II 

 Ethyl alcohol + O2  Acetic acid + water  

 

 

Bacteria 

yeast 

Lactic acid       

bacteria 
Lactase enzyme 

                             Yeast  

(Sacchromyces cerevisiae var. carlsbergensis) 

Yeast (Sacchromyces cerevisiae var. ellipsoideus) 
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Beneficial role of microorganisms in some food products 

Food products Raw material Microorganisms involved 

Idli Rice + Black gram Leuconostoc mesenteroides 

Streptococcus faecalis 

Pediococcus cerevisiae 

Soya sauce Soya beans & wheat bran Aspergillus oryzae 

Streptococcus 

lactobacillus 

Temph  Soya beans Rhizopus stolonifer 

Curd  Milk  Streptococcus lactis 

Streptococcus cremoris 

Leuconostoc cremoris  

Cheese, yoghurt Milk  Lactobacillus delbrueckii ssp. 

bulgaricus 

Cheese and other fermented 

dairy products 

Milk Lactobacillus casei 

Lactobacillus helveticus 

Lactobacillus lactis (various ssp.) 

Swiss cheese Milk Propionibacterirum 

freudenreichii 

Roquefort/blue cheese Milk Penicillium roqueforti 

Camembert cheese Milk Penicillium camenberti 

yoghurt Milk Streptococcus thermophilus 

Lactobacillus bulgaricus 

Fermented vegetables, 

sausage 

 Lactobacillus plantarum 

Bread  Refined wheat flour Saccharomyces cerevisiae 

wine Grapes  Saccharomyces cerevisiae 

Beer (Ale) Barley  Saccharomyces cerevisiae  

Beer (Lager) Barley Saccharomyces cerevisiae var. 

carlsbergensis 

Vinegar Starchy vegetables, 

malted grains, sugar & 

fruit juices 

Saccharomyces cerevisiae var 

ellipsoideus (alcoholic 

fermentation) 

Acetobacter aceti or 

gluconobacter (acetic 

fermentation) 

 

Harmful effect of microorganisms 

 Some microbes are not beneficial and cause disease and wastage of food and water 

bodies. The disease causing microorganisms are known as pathogen and they cause disease in 

human & plants. Certain microbes cause food spoilage resulting in off-odour, off-flavour or 

change in color, texture & taste. Other does not alter the appearance, color, odour & taste but 

are capable of causing food borne illness. 

Food borne illness/diseases 
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 Food borne illness is a general term applied to all types of illness caused by 

consumption of contaminated food or water. The contaminant may be a pathogenic organism, 

a toxin, or an allergen which is present in food and grains entrance into the body when such 

food is consumed. 

Types of food borne illness 

1. Food poisoning or food intoxication 

 It is caused by toxins present in contaminated food.  

 The toxin may be a poisonous chemical which is accidently or intentionally 

added to food, a naturally occurring toxin in food such as solanine in green 

potatoes or a toxic metabolite excreted by bacteria.  

 In this the toxin is produced when the cells multiply in the contaminated food. 

 When such food is consumed, the toxin already present in the food irritates the 

lining of the stomach and causes vomiting. 

 If toxin reaches to intestine, it may cause abdominal pain & diarrhoea. 

 The incubation period ranges from 1-6 hours. 

 Toxins need much higher temperature to be destroyed. 

 

2. Food infection 

 It caused by microorganisms. 

 It results from the consumption of food that contains living bacteria which are 

multiplying and capable of producing disease. 

 When food is consumed, the acid in the gastric juice destroys some bacteria. If 

the number of living bacteria is high, when food reaches to the intestine, 

where the pH is neutral, bacteria multiply rapidly. 

 The metabolites irritate the lining of the intestine resulting in nausea, diarrhoea 

& abdominal pain. 

 The incubation period is at least 12 hours. 

Harmful effect of some microbes 

Disease  Causative agent Food commonly involved 

FOOD POISONING 

Staphylococcus 

poisoning 

Staphylococcus aureus Protein rich food that have been 

handled by bare hands & cooked food 

that connot be reheated 

Botulism Clostridium botulinum Canned foods (vegetables and 

meats),honey, milk products, fish, 

and fermented sea food 

FOOD INFECTION 

Salmonellosis  Salmonella enteritidis Eggs, meats, milk, and dairy products 

Shigellosis  Shigella sonnei Sewage contaminated food & water 

Listeriosis Listeria monocytogenes Milk & meat of infected animal, 

contaminated cold food that cannot be 

reheated 
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Gastroenteritis Enteropathogenic 

Escherichia coli 

Sewage contaminated food & water 

Cholera  Vibrio cholerae Contaminated water, vegetables, and 

seafood 

Brucellosis  Brucella abortus Contaminated milk 

Hepatitis  Hepatitis A virus Contaminated food & water 

 

Food spoilage 

 Any undesirable changes in food which make the food unfit for human consumption 

called spoilage. 

 Spoilage may be due to one of the following 

a. Growth & activity of microbes 

b. Insects 

c. Action of enzymes  

d. Chemical reaction 

e. Physical changes 

Types of food spoilage 

a) Physical spoilage 

 Dehydration of vegetables 

b) Chemical spoilage 

 Oxidation of fat 

 Browning of fruits & vegetables 

c) Microbial spoilage 

 Growth of microorganisms 

 Enzyme production 

Food can be classified into three groups based on ease of spoilage 

1) Stable or non perishable foods 

 Foods which do not spoil unless handle carelessly. e.g. sugar, flour, dry beans 

2) Semi-perishable foods 

 If these foods are properly handled & stored, they will remain unspoiled for a 

fairy long period. e.g. potatoes, apple nuts 

3) Perishable foods 

 This group includes most of our important daily foods that spoil readily unless 

special preservative methods are used. e.g. meats, fish, milk, vegetables, fruits, 

egg etc. 

Food spoilage due to some microbes 

Diseases Causative agent Food  

Trichinosis Trichinella spiralis Insufficient cooked pork & pork 
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products 

Giardiasis  Giardia lamblia Cysts in contaminated food & 

water 

Amoebiasis  Entamoeba histolytica Cysts in contaminated food & 

water 

Flat sour spoilage Bacillus coagulans  Inadequate processed canned food 

Sulphide stinker Desulfotomaculum 

nigrificans 

Inadequate processed canned food 

Bloated leaky cans Clostridium 

thermosaccharolyticum  

Inadequate processed canned food 

Blue rot Penicillium  Citrus fruits 

Ropy milk Alcaligens viscilactis Milk 

Yellow to greenish 

discoloration in fish 

Pseudomonas flurescence  Fish 

Aflatoxin  Aspergillus flavus  Peanuts & cereal grains 

 

Methods for controlling the microorganisms involved in food spoilage 

Principle of preservation Methods  

Prevent access of the microorganism 

to the food  

Good agricultural practices 

 Good manufacturing practices  

Appropriate hygienic and sanitary conditions  

Microorganism removal Washing of surfaces  

Centrifugation  

Filtration by membranes 

Growth inhibition Cooling or freezing  

Reduce water activity (drying and addition of solutes)  

Food acidification  

Addition of inhibitors (weak organic acids, nitrites, 

nitrates, sulfites, and bacteriocins)  

Microbial competition Atmosphere modification 

(vacuum or modified atmosphere packaging) 

Microbial inactivation Thermal treatments (pasteurization, sterilization, 

blanching, and thermization)  

Radiation  

High hydrostatic pressures  

Pulsed electric field processing  

Ultrasound 

 

What is Food Contamination? 

When food items are not handled or cooked safely, the disease-causing organisms such as 

bacteria, parasites, and viruses result in food contamination. The disease-causing parasites 

produce toxins that may also lead to food intoxication. In addition, the presence of pesticides, 

certain cleaning compounds, contaminates the food. The common reasons for food 

contamination are: 
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 Improper storing, handling and preparing food 

 Unhygienic hands and fingernails 

 Poor personal hygiene habits 

 Improperly cleaned or sanitized utensils 

 Contamination by flies, cockroaches, insects, and pests 

Different Types of Food Contamination 

There are a number of reasons that can lead to food contamination. However, food 

contamination falls under four different categories which are: 

 Biological contamination 

 Chemical contamination 

 Physical contamination 

 Cross-contamination 

Biological Contamination 

 Biological contamination is one of the common causes of food poisoning as well as 

spoilage.  

 Contamination of food items by other living organisms is known as biological food 

contamination.  

 During biological contamination, the harmful bacteria spread on foods that you 

consume.  

 Even a single bacterium can multiply very quickly when they find ideal growth 

conditions.  

 Not just bacteria, but also their process of multiplying can be quite harmful to 

humans. The common places where you can find bacteria are: 

 Dust 

 Raw meat 

 The air 

 The human body 

 Pets and pests 

 Clothes of food handler 

 Kitchen clothes 

Physical Contamination 

 When harmful objects contaminate the food it leads to physical contamination.  

 At times, food items can have both physical and biological contamination.  

 Physical contaminants such as rats, hair, pests, glass or metals, which can contaminate 

food and make it unhealthy.  

http://healthyeating.sfgate.com/good-bad-effects-bacteria-12132.html
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 Some of the safety tips that you can follow when handling food items to prevent food 

contamination are: 

 Hair - Tie your hair when handling food 

 Glass or Metal - Clean away cracked or broken crockery and utensils to avoid 

contamination 

 Fingernails - Keep your fingernails short or wear clean gloves when handling 

food 

 Dirt - Wash fruits and vegetables with clean water or cleaner to remove dirt 

Chemical Contamination 

 Chemical contaminants are one of the serious sources of food contamination.  

 These contaminants can also lead to food poisoning.  

 Pesticides present in fruits and vegetables are one of the main sources of 

contamination.  

 In addition, kitchen cleaning agents, food containers made of non-safe plastic, pest 

control products also lead to food contamination.  

 Though we make it a point to wash fruits and vegetables thoroughly, however, plain 

water can’t remove all the contaminants. The smart kitchen appliance uses ozone 

disinfection technology that removes contaminants from the surface of the fruits and 

vegetables to make it safe for consumption. 

Cross-Contamination 

This type of contamination can lead to a number of health problems. Cross-contamination 

takes place when pathogens are transported from any object that you use in the kitchen. Dirty 

kitchen clothes, unclean utensils, pests, raw food storage can lead to cross-contamination. 

Here are some of the ways to avoid cross-contamination: 

 Personal Hygiene- Thoroughly wash your hands and face when handling food. 

Coughing, sneezing or even touching your hair can lead to cross-contamination 

 Utensils- Use separate utensils to prepare different types of foods. Avoid using the 

same chopping board and knife for ready to eat foods 

 Storing Food- Make sure raw foods don’t come in contact with ready to eat foods. 

Cover and store raw foods separately from cooked foods to prevent cross-

contamination. 

 Disposing Waste- Make sure you store and seal garbage correctly to prevent cross-

contamination. Clean and sanitize the waste bins to prevent infestation risk. 

 



PRINCIPLES OF FOOD PRESERVATION 

Objectives: 

· To acquaint students with various principles and methods of preservation 

 

Food Preservation: It can be defined as the science which deals with the process of 

preservation of decade or spoilage of food, thus allowing it to be stored in fit conditions for 

future use.  

Importance of food preservation 

 Increasing the shelf-life of food thus increasing the supply. 

 Making the seasonal food availability throughout the year. 

 Adding variety to the diet. 

 Saving time  

 Stabilizing the price 

 Improve nutrition 

 Prevent food spoilage 

 Add convenience for utilization 

 Reduce losses 

 Increase total food production 

 Build a healthy nation. 

 

Food spoilage: It usually refers to the undesirable change occurring in food due to the action 

of micro-organisms, insect & enzymes. 

Food can be held in their natural form without spoilage for some length of time by 

using different methods of preservation. Hence for purpose of food preservation, food can be 

classified as: 

1. Non perishable/Stable food: These foods which do not spoil unless handled 

carelessly, eg. Sugar, flour, dry beans, cereals etc. 

2. Semi perishable: If these foods are properly handled & stored, they will remain 

unspoiled for a fairly long period, eg. Potatoes, etc. 

3. Perishable: It includes most important daily foods that spoil readily, eg. Meat, fish, 

poultry, milk, egg, fruits & vegetables.  

 

Causes of food spoilage 

 Growth & activity of micro-organisms 

 Insects, parasite & rodents 

 Activity of food enzymes 

 Activity of purely chemical reactions 

 Inappropriate temperature for a given food 

 Either the gain or loss of moisture 

 Reaction with oxygen 

 Light 

 Time & temperature 

 Physical stress 

 Physical changes such as those caused by freezing, burning, drying, pressure etc. 

 

Principles of food preservation 

 

1. Prevention or delay of microbial decomposition 

a. By keeping out microbes (asepsis) 



b. By removal of microbes (filtration, washing, trimming etc) 

c. By hindering growth & activity of microbes e.g. by 

o Low temperature 

o Drying and dehydration 

o Anaerobic conditions 

o Chemicals or antibiotics 

d. By killing microbes e.g. by 

o Heat 

o Radiation 

2. Prevention or delay of self decomposition of the food 

a. By inactivating enzymes e.g. blanching 

b. by prevention or delay of chemical reactions e.g. prevention of oxidation by using 

antioxidant 

3. Prevention of damage by insects, animal, mechanical causes etc. 

 

Methods of preservation 

 

1. Asepsis (absence of infection) 

o Means preventing entry of microbes. 

o Packaging of foods is widely used application of asepsis. 

o It is done by adopting good sanitary & hygienic practices i.e. Maintaining cleanliness 

during 

 Harvesting 

 Grading 

 Packing & 

 Transporting of fruits & vegetables 

2. Preservation by high temperature: 

o Microbes are killed due to heat inactivation of their enzymes so food is preserved. 

o The temperature and time required to kill microbes in thermal preservation is called 

Process Time. 

o The heat treatment depends upon 

 Type of food 

  Microbe involved 

  Container size, and 

  Other method used along with heat preservation. 

o Different methods of thermal preservation are 

 Pasteurization 

 Sterilization 

 Aseptic canning & 

 Hot Pack or Hot fill 

a. Pasteurization: 

 It is heating below 1000C for sufficient time to kill the spoilage microbes. 

 But some spores & spore forming bacteria (Bacillus subtilis, B. mesentericus & 

Clostridium botulinum) may survive and grow under favourable conditions. However 

they do not grow at low pH (< 4.5). 

 

· In bottle pasteurization (Holding method): e.g. 

 juice filling in bottle → air tight sealing (e.g. crown corking→ Heating* (in boiling 

water for about 25-30 min) → Cooling 

 Temperature of juice inside the bottle reaches to about 880C 



· Overflow method: 

 Juice heating to a temp about 2.50C above pasteurization temp.→ juice filled in 

sterilized bottle upto brim (to exclude air) →crown corking→ Pasteurization (temp 

below 2.50C than earlier juice heating temp.) → Cooling 

 It is used for product sensitive to oxygen e.g. grape juice 

 

· Flash pasteurization: 

 Rapid heating of juice above 5.50C the pasteurization temp.→Holding at that temp for 

about 1 min → filling in sterilized bottles → Crown corking→ Cooling 

 This method is used for orange juice but can also be used for grape & apple juice.  

 

Merits of this method are: 

 Minimum flavour & vitamin losses 

 More economic 

 Cloud stability 

 Minimum cooked flavour 

 

b. Sterilization: 

 Means destruction of all viable microbes. 

 It is most effective preservation method. 

 Temperature involved is above 1000C. 

 Generally vegetables (pH ≥ 4.5) are preserved by sterilization. 

 Spores of Clostridium botulinum are inactivated by sterilization. 

 But because of very high heat treatment the nutritional as well as sensory qualities of 

the products may be affected adversely. Therefore in actual practice somewhat lower 

treatment is used so as to kill only the harmful microbes but not the all as a result 

adverse effect of higher heat treatment is reduced to some extent. This is called 

Commercial sterilization. 

 

c. Aseptic canning: 

· Food sterilization outside the can (1490C for 1-2 sec) → Filling in sterilized can aseptically 

→ Air tight sealing in aseptic zone→ Cooling 

· The nutritional and sensory qualities are maintained to large extent due to short processing 

time. 

 

d. Hot Pack or Hot Fill: 

· Previously pasteurized or sterilized food is filled while still hot in clean containers but not 

necessarily sterile container under clean but not necessary aseptic conditions. Actually heat of 

food and some holding period make the food commercially sterile. 

 

3. Preservation by low temperature 

Low temperature is used to retard chemical reactions & action of food enzymes & to 

slow down or stop the growth & activity of micro-organisms.  

a. Cellar storage (about 150C): 

Food like potato, apple, onion etc. can be stored in underground rooms for limited 

periods during winter months. 

b. Refrigeration or chilling (about 0 to 50C or above critical chilling injury temperature): 

Cooling is by mechanical refrigeration system like Ammonia refrigeration system. 

The required temperature and relative humidity are maintained properly. The fruits & 

vegetables & their products can be preserved for a few days to many weeks by this method. 



 

c. Freezing (≥ -180C to -400C): 

 Types of freezing  

I. Sharp/Slow freezing- Usually refers to freezing in air with natural air circulation 

or electric fans. Temp. varies from - 15ºC to -20ºC and it takes 3 to 72 hours.  

II. Quick freezing- food is frozen is short time i.e. 30 min or less. It is 

accomplished by direct immersion in refrigerant, indirect contact through flow 

of refrigerant or air blast freezing. 

III. Dehydro-freezing- In this methods half of the moisture of food commodity has 

been removed before freezing. 

 

4. Preservation by chemicals: 

Microbial spoilage is controlled by using chemical preservatives, the microbial 

antagonists (it does not include salt, sugar, acetic acid, oils, alcohols, etc.). Different chemical 

additives such as antioxidants, nitrates, potassium metabisulfite and benzoic acid etc are used 

for food preservation. 

 

5. Preservation by drying and dehydration: 

 Drying: It refers to the process of removal of water (moisture content up to 14-15%) 

in natural conditions. eg. sun drying. It is cheapest method of drying. But it has many 

disadvantages such as it depends on weather, unhygienic conditions, chances of 

contamination is high, required considerable space etc. 

 Dehydration: It refers to the nearly complete removal of water from food under 

controlled conditions that cause minimum or ideally dry to final moisture content 

within the range of 1-5% depending upon food item. 

· Merits of drying & dehydration 

 Dried products occupy less space so packaging, storage, transport cost is lowered. 

 They do not require refrigeration for storage. 

 Longer shelf-life 

 

6. Preservation by filtration: 

 The liquid product like juice is passed through micro filters to remove bacteria and 

yeast. The nutritional and sensory quality of the product is maintained very well. 

 

7. Preservation by carbonation: 

 

 Carbonated beverages contain 1-8 g CO2/liter to impart tang. 

 CO2 also reacts with water to form carbonic acid which acts as mild preservative. 

 CO2 (14.6 g/liter) is actually needed for complete inhibition of microbial activity but 

such a   high level affect the flavour of beverages adversely. 

 It also creates some what anaerobic conditions in drink due to removal of part of air. 

 

8. Preservation by sugar: 

 Sugar binds water so water activity is reduced to such a level that most of the 

microbes are unable to grow and multiply. For this minimum conc. of sugar is 66%. 

 More over at such a high conc. of sugar most of the water present in microbial cells 

comes out due to osmosis and cell is died. 

 Fruit syrup, jam, jelly, marmalade, preserve, candy, crystallized fruit and glazed fruit 

are preserved by this method. 



 Foods preserved by this method are generally called as Intermediary Moisture Food 

(IMF). 

 

9. Preservation by fermentation 

10. Preservation by salt 

 It act as preservative above > 12% concentration. 

 It helps in bind water & reduces water activity (aw). 

 Chorine ions are act as oxidizing agent which acts as bactericidal. 

11. Preservation by acids 

12. Preservation by oil and spices 

 Oil creates hydrophobic regions 

 Mustard oil contains an antimicrobial compound called “Isothiocynate”. 

13. Preservation by antibiotics 

14. Preservation by irradiation 

 Radiation means self propagating form of energy in space. It is alternative to chemical 

treatment. 

 It is also known as cold sterilization. 

 It inhibits the growth of microbes by mutation and producing peroxides (bactericidal). 
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                              Digestion, absorption and metabolism of foods 

The food we eat needs to be broken down into simpler substances which the body can utilize. 

This is accomplished by the process of digestion. Complex substances, such as carbohydrates, 

proteins and fats, are broken down into simpler forms by the mechanical action of the teeth and 

chemical action of various enzymes in the digestive system. Water, minerals and vitamins can 

be absorbed directly without undergoing any change. Glucose needs no further breakdown and 

is immediately absorbed giving instant energy. Both digestion and absorption take place in the 

digestive tract in the body. The digestive tract or alimentary canal in humans comprises the 

following: 

 Mouth 

 Oesophagus 

 Stomach 

 Small intestine (duodenum, jejunum, ileum) 

 Large intestine (caecum, colon, rectum, anus) 

The liver and pancreas are not a part of the digestive tract, but provide vital secretions, namely, 

bile and pancreatic juice, respectively which aid in the digestion of food. Digestive juices are 

also secreted by all parts of the digestive tract except the oesophagus, rectum and anus. These 

juices contain chemical substances called enzymes, which act as catalysts in the breakdown of 

nutrients. 

 Digestion of food 

 Mouth: the process of digestion begins in the mouth. Food is mechanically broken 

down by the teeth by chewing and is moistened with saliva produced by the salivary 

glands in the mouth. Saliva contains an enzyme called salivary amylase or ptyalin 

which acts on cooked carbohydrates and partially digests them into smaller units. If 

food remains in the mouth for some time, carbohydrate is further broken down into 

maltose by the action of salivary amylase, giving food sweetish taste. 

 Oesophagus: food passes from the mouth into the stomach through a tube called the 

oesophagus or food pipe. No digestion takes place in the oesophagus. 

 Stomach: in the stomach the food is mixed with gastric juice. Gastric juice is composed 

of hydrochloric acid, enzymes, and water. The stomach muscles contract and churn the 
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food to a liquid consistency called chyme. Gastric juice has many important functions. 

The acidic nature of gastric juice: 

 Destroys harmful bacteria which may be present in food. 

 Activates enzyme pepsin. 

 Swells proteins so that enzymes can easily act on them. 

 Aids in the absorption of calcium and iron. 

The enzyme pepsin acts on proteins and enzyme lipase has some effect on emulsified 

fats. 

 Small intestine: maximum digestion of proteins, carbohydrates, and fats takes place in 

the small intestine. The small intestine includes the duodenum (which is the first 

portion), the jejunum, and the ileum. Bile which is produced by the liver and stored in 

the gall bladder is needed for digestion of fat. Bile is released in the duodenum and it 

emulsifies fats so that they can be easily attacked by enzymes. Bile is highly alkaline 

and helps in neutralizing the acidic chyme so that other intestinal enzymes can act. The 

small intestine secretes intestinal enzymes and the pancreas secretes pancreatic juice 

and completes the digestion of proteins, carbohydrates, and fats into amino acids, 

monosaccharides and glycerol and fatty acids respectively. These simple substances are 

absorbed through the walls of the small intestine into the bloodstream. 

 Large intestine: the large intestine includes the caecum, colon, rectum and anus. The 

food which is not absorbed in the small intestine passes into the large intestine. Water 

and digestive juices are reabsorbed in the large intestine giving the intestinal contents a 

solid consistency.  The unabsorbed material is called faeces, and it contains small 

amounts of undigested food mainly fibre, bile salts, cholesterol, mucous, bacteria, and 

broken-down cells. It is excreted via the anus. 

Factors that after digestion: 

 Consistency, division, and type of food: Foods that are of liquid consistency are more 

easily digested than food pieces which are solid and big in size. Food which is chewed 

well is easily acted on by digestive enzymes. 

 Bacterial action: The normal bacterial flora helps in breaking down food and is 

desirable. 

 Chemical factors: Strong acid, spices, caffeine and meat extracts stimulate the flow of 

gastric juice. Fats slow down the flow of gastric juice. 
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 Psychological factors: Anger, fright and   worry slow down the secretion of gastric 

juices. The sight, smell and aroma of food increases the secretion of saliva and gastric 

juice. Of all the nutrients, carbohydrates are digested fastest. Glucose needs no further 

breakdown and is immediately absorbed giving instant energy. A mixture of 

carbohydrate, protein and fat gives satiety and remains in the digestive system for a 

longer time. 

 

Absorption:  

   Absorption is the process in which the end products of digestion of nutrients are transferred 

from the intestine into the blood and lymph circulation. The wall of the small intestine is made 

up of 4 to 5 million folds or finger-like projections called villi. Each villus has blood vessels 

and lymph vessels. The presence of villi increases the total area from which absorption can 

take place. Most nutrients are absorbed in the duodenum and jejunum and remaining in the 

ileum. 

Nutrients are absorbed across the epithelial cell walls lining each villi by two methods: 

 Passive diffusions, i.e., movement of water and minerals from an area of higher 

concentration to an area of lower concentration. Sometimes a carrier is required to help 

ferry water-soluble nutrients across a cell membrane with fat -like material. 

 Most nutrients are absorbed by active transport from an area of lower concentration to 

an area of higher concentration. Active transport requires energy for transportation. The 

nutrients absorbed into the lymph are fatty acids, some molecules of fat, and fat-soluble 

vitamins. Glucose, amino acids, water soluble vitamins and minerals are transported by 

the portal circulation to the liver. 

 

Metabolism: 

 From the blood stream, nutrients are supplied to all the cells in the body where each 

nutrient performs its specific functions. It is either oxidized to release energy 

(catabolism), or it is used in the synthesis of complex substances (anabolism). 
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 Anabolism is the term used for all chemical reactions in which simple substances are 

used to synthesize more complex substances, e.g., amino acids are used for specific 

protein synthesis. 

 Catabolism is the term used for all chemical reactions in which complex substances are 

further broken down to simpler compounds, e.g., glucose is oxidized to produce carbon 

dioxide, water and energy, 

 Glucose and fats are stored as potential energy in the form of adipose tissue. Glucose 

is also stored as glycogen in the liver. Amino acids are used for synthesis of new cells, 

enzymes or hormones. Minerals and vitamins carry out regulatory functions.  

 The waste products of digestion, absorption and metabolism are excreted by the bowels, 

kidneys, skin and lungs.   

Carbohydrates:  Digestion, absorption and metabolism 

 Complex carbohydrates and sugars are too large to be absorbed through the intestinal 

wall. They need to be broken down into their constituent monosaccharides so that they 

can be absorbed. 

 Only monosaccharides can be absorbed into the blood stream. The mechanical and 

chemical digestion of starch begins in the month. 

 Ptyalin or salivary amylase in saliva acts on cooked starch and partially breaks it down 

into dextrin. 

 If ptyalin acts on starch long enough, i.e., if food is chewed well, maltose may be 

formed. The stomach does not secrete any starch-splitting enzyme, hence no digestion 

takes place in the stomach. In the small intestine, pancreatic amylase acts on starch and 

dextrin, breaking it down into maltose. 

 The intestinal wall secretes maltase, lactase and sucrase which acts on maltose, lactose 

and sucrose, reducing them to their respective monosaccharides. Some fructose may be 

converted to glucose. The monosaccharides are absorbed into the blood vessels lining 

the small intestine and carried to the liver for their further metabolism. 

 The absorbed monosaccharides, i.e., glucose, fructose and galactose may be converted 

into glycogen and stored in the liver, or converted into glucose and released into the 

blood stream to be oxidized as a source of energy for various tissue cells. 

 In human metabolism, all sugars are converted into glucose. In the muscles cells, some 

glucose may be stored as glycogen. The fasting level of glucose in blood is maintained 

at 70-100 mg/100 ml blood. After consuming a meal rich in carbohydrate, it increases 

to 140-150mg/100 ml blood. Glucose is taken up from blood by the body cells and 

oxidized as a source of energy. 

 In the cells, glucose is first oxidized to form pyruvic acid, and ultimately through the 

various metabolic cycles, energy is release in the form of adenosine triphosphate (ATP). 

 The waste products of carbohydrate metabolism, i.e., carbon dioxide and waste are 

released from the cell and excreted by the body. The energy released is used by the 
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body for its various voluntary and involuntary processes and to maintain body 

temperature. 

 If the level exceed 170 mg glucose/100 ml blood, it crosses the renal threshold and 

glucose is excreted in the urine. This condition is observed in diabetic patients. A 

fasting blood glucose level above 140 mg is called hyper glycaemia and below 70 mg 

is called hypo glycaemia. 

 The body tries to maintain the normal fasting level by removing glucose from blood 

when the level is high and adding glucose to blood when the level falls, e.g., when a 

person is fasting. The hormone insulin, secreted by the cells of the islets of Langerhans 

in the pancreas helps in regulating the blood glucose level. 

 Insulin is required for glucose utilization by the cells and synthesis of glycogen from 

glucose. If insulin is deficient, glucose is not utilized by the cells and blood level of 

glucose increases. Insulin is the only hormone which lowers blood sugar levels, other 

hormones, such as the thyroid hormone, increase blood sugar levels. 

 

Protein:  Digestion, absorption and metabolism 

 To enable proteins to perform their various functions, dietary protein needs to be broken 

down into its constituent amino acids. 

 The mechanical digestion of protein begins in the mouth, where the teeth grind the food 

into small pieces. The mouth does not produce any enzyme to digest proteins.  

 Chemical digestion begins in the stomach. The hydrochloric acid (HCL) in the gastric 

juice activates the enzyme pepsin, which acts on proteins and reduces them to 

polypeptides.  

 After the partially digested proteins reach the small intestine, three pancreatic enzymes- 

trypsin, chymotrypsin and carboxypeptidase- continue the process of chemical 

digestion.  

 The peptidases secreted by the intestine finally reduce the smaller peptides and 

dipeptides into amino acids, which are the end-product of protein digestion. 

 After digestion, the amino acids in the small intestine are absorbed by the blood and 

carried to the liver and all body tissues where they are metabolized. 

 The body needs varying compositions of amino acids to build and repair the different 

tissues of the body. All essential amino acids must be present if body cells have to be 

built or repaired.  

 Surplus amino acids are sent back to the liver where they are deaminated by splitting 

off the amino group. The remaining part of the protein is used for energy or stored 

glycogen in the liver and muscles or as fat in the adipose tissue. 

 The end products of the metabolism of amino acids are carbon dioxide, water and 

nitrogen. Some nitrogen may be retained and used again to synthesize non-essential 

amino acids as and when required by the body.   
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Table1: Digestion and metabolism of protein 

Human body Fate of protein Process 

 

Mouth Food protein Mechanical digestion 

Stomach Proteoses 

Peptones 

Polypeptides 

Chemical digestion 

Enzymes pepsin-gastric 

juice 

Small 

intestine 

 

 

Blood 

Small chain 

 Polypeptide 

 Dipeptides 

Amino acids 

Amino acids 

Pancreatic enzymes 

Intestinal juice 

 

 

Absorbed into blood 

circulation 

Large 

intestine 

Undigested proteins Excretion of unabsorbed 

proteins 

Liver Amino group                                           Urea Deamination 

 

 

 

 

 

Body cells 

 

 

 

 

 

Kidneys 

                 Nitrogen-free residue  

 

 

       Glycogen                  Fatty acids 

    

                               

                       Protein                      Adipose 

               (growth & repair)              tissue 

Glycogen  

(energy) 

 

Carbon dioxide 

         + 

    Water                                                Urea 

 

 

 

 

 

 

         Protein synthesis 

         Storage of fat 

 

         Oxidation               

 

Excretion 

 

 

 

Fat: Digestion, absorption and metabolism  

The fats and oils consumed in the diet need to be broken down into their constituent 

components, namely glycerol and fatty acids, before they can be utilized by the body. 

Digestion: 

 No chemical digestion of fat takes place in the mouth. Fat is broken into smaller 

particles by chewing and is mixed with saliva. 

 In the stomach, peristaltic movements churn the food along with the gastric juice. Two 

enzymes help in digesting fats, namely gastric lipase in the gastric juice and pancreatic 

lipase from the pancreas which acts in the small intestine. 

 For fats to be digested, they first need to be emulsified. Gastric lipase acts on emulsified 

butterfat, and the main digestion of fats begins in the small intestine. 

 The presence of fats in the duodenum stimulates the secretion of bile from the gall 

bladder. Bile acts as an emulsifier and breaks down large fat globules into smaller 
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particles. This increases the total surface area of fat and increases the efficiency of 

enzyme action. 

 The alkaline nature of bile helps pancreatic lipase to remove fatty acids from the 

triglyceride, converting them to diglycerides and monoglycerides and finally to fatty 

acids and glycerol. 

 The final products of fat digestion to be absorbed are fatty acids, glycerol, 

monoglycerides and diglycerides. Some remaining fat which is undigested may be 

excreted through the faeces.   

Absorption: 

 Since fat are insoluble in water, they cannot be directly absorbed into the intestines and 

blood stream without making them absorbable. Bile helps in absorption of fat by 

forming a complex with fatty acids and glycerides which is absorbed by the intestinal 

wall. Once absorbed, bile separates and returns to the intestine to recombine with fatty 

acids and glycerides and the process continues. 

Metabolism: 

      In the intestinal wall two important reactions take place: 

 Enzymes enteric lipase breaks down the remaining mono and diglycerides into fatty 

acids and glycerol. 

 The fatty acids and glycerol recombine to form new body fats or newly formed 

triglycerides which need to be absorbed and transported via the blood circulation. 

 The newly formed triglycerides and fats are covered with small amounts of protein to 

form lipoproteins called chylomicrons. Chylomicrons enter the lymphatic circulation 

from lymph vessels in the small intestine. From the lymphatic system, they enter into 

the portal circulation and are converted into other lipoproteins in the liver. 

 These lipoproteins are circulated to all body cells for energy and other structural 

function, or stored in the adipose tissue as a reserve source of energy. 
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Energy Metabolism 

Dr. Sweta Rai, Assistant Professor 

Introduction: 

When food is digested the complex nutrients carbohydrate, fats, and proteins are broken 

down into monosaccharides, fatty acids, glycerol and amino acids, respectively. These simple 

forms are absorbed into the bloodstream and supplied to the millions of cells in the body to 

be oxidized by a series of complex steps to release energy. 

What is Energy? 

 Energy is the capacity to do work. Energy exists in a number of forms. It may occur as heat 

generated by chemical, mechanical or electrical means. One form of energy can be converted 

to another form. In physiology and nutrition, energy is defined as the capacity of a body to do 

work. Just as a machine needs fuel to keep it operating, the body needs food to provide the 

energy to perform its various tasks. The energy released in the body from food is measured as 

a unit of heat the kilocalorie (kcal). By definition, one kilocalorie is the amount of heat required 

to raise the temperature of one kilogramme of water through one degree centigrade (i.e., from 

14.5° to 15.5 °C). Some efforts have been made to introduce the joule (J)1 as a unit of energy. 

One joule is equal to the energy expended when one kilogramme is moved through one meter 

by a force of one newton (N). But joule cannot be used in practical nutrition, until food 

composition tables are prepared giving the energy value of foods in joules, and RDA are set in 

joules. It must be remembered that the human body uses energy in many forms hence the unit 

used in measurement is only an indirect indication of the energy available to the body in various 

forms (chemical, thermal, mechanical, electrical, etc.).  

    Food supplies the energy we need for everything we do. Two components of food, 

carbohydrates and fats, supply 85 to 92 per cent of the total energy in the Indian dietary, the 

rest is provided by proteins. The various forms of energy are interconvertible. Living cells are 

capable of releasing the energy stored in certain nutrients. This energy is used to perform 

various activities in the cell such as synthesis of proteins, maintaining warmth and contraction 

of muscle. The energy from the breakdown of food is stored in the body in the form of a high 

energy compound, adenosine triphosphate (ATP). ATP acts as a source of energy-rich 

phosphate bonds. Living cells can use energy only in the form of energy rich phosphate bonds. 

When energy is required for cellular activity, living cells release energy from ATP which gets 

converted to adenosine diphosphate (ADP). One mole of ATP provides 8 kcal/33kJ of energy. 

ADP is reconverted to ATP by addition of phosphate ions. Phosphate ions help in release and 

transfer of energy.      

Measurement of Food Energy: 

The energy value of foods is determined in the laboratories by the use of special equipment called the 

bomb calorimeter. In the bomb calorimeter, the heat given off by a food in direct combustion or burning, 

is measured under controlled conditions. Energy value of a food can also be measured indirectly by 

measuring the oxygen used in burning a known amount of food. The average fuel values of the energy 

giving components of foods have been found to be: 

 Carbohydrates- 4.10 kcals/gramme 
 Fats- 9.45 kcals/gramme  
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 Proteins 5.65 kcals/gramme 

 

 Physiological fuel value: 

The potential energy present in food when measured in a bomb calorimeter is higher than the energy 

released in the body. This is because some losses occur during digestion, absorption and metabolism. 

The potential energy value must be corrected to allow for the losses that occur during digestion, 

absorption and metabolism of nutrients. 

              The physiological fuel factors are based upon the corrections for losses of unabsorbed nutrients 

in the faeces and nitrogenous products excreted in the urine. On a mixed diet containing high-quality 

protein, 85-90% carbohydrate, 95% fat and 92% proteins are digested and absorbed. The carbohydrates 

and proteins which are absorbed are fully oxidized. However, when proteins are oxidized as a source 

of energy, they first need to be deaminated (removal of amino group). The amino group is converted to 

urea and is excreted in the urine. Hence, the body loses a part of the protein that is digested and absorbed. 

This loss of protein is about 25%. 

Table 1: Energy Value of Food 

 Potential energy in food (kcal/g) Physiological fuel value (kcal/g) 

Carbohydrates 4.15 4 

Proteins 5.65 4 

Fat 9.4 9 

  

Note: The averages of coefficients of digestibility for the components of a typical dietary were: 

 Carbohydrates 98%, Fats 95% and Proteins 92%. 
 The physiological fuel value (i.e., the energy available to the body) was calculated as follows:  
Carbohydrates = (4.10) × 98% = 4.01 kcal/g 
 Fats = (9.45) × 95% = 8.98 kcal/g 
 Proteins = (5.65 – 1.25) × 92% = 4.05 kcal/g  
For practical use these physiological fuel values were rounded off to the nearest whole number to get the kcalorie values we 

use in practical nutrition.  
Coefficient of digestibility = (Nutrient intake - Nutrient in faeces) X100/ Nutrient intake 

 

Energy intake: 

  The main source of energy for all the body activities is food, along with the energy store in body 

tissues as reserve. Our body needs fuel to carry out its work on a continual basis. This need starts at 

birth and continues as long as one lives. Energy is the primary need of the body and takes precedence 

over all other needs. The metabolic products formed by digestion of carbohydrates and fats, which are 

simple sugars, glycerol and fatty acids, provide most of the energy needs of the body. One can 

summarise the energy production from foods as:  

Glucose, fatty acids, glycerol or amino acids + oxygen → energy + carbon dioxide + water 

       The actual process involves a series of complex reactions, which lead to the common pathway 

known as Kreb’s cycle or the tricarboxylic acid cycle, its end products being energy, carbon dioxide 

and water. The energy released is trapped in energy-rich compounds (ATP), from which it is released 

as required. 

Energy Storage in the Body: 

      While we may eat two, three or four meals a day, which supply energy to the body at intervals, our 

body activities (voluntary and involuntary) go on throughout the day, even while we sleep. The body 

draws on its stores of energy to meet its continuous need for energy. 
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 Glycogen: Glycogen stored in the muscles and liver (about 300–350 g), acts as an energy reserve. 

Glycogen stores maintain blood glucose at normal levels for use of body functions during hours of 

sleep. Thus, our first meal of the day, which breaks the night long fast, is very important for replenishing 

glycogen stores. 

Adipose tissue: Food energy in excess of body’s needs is stored efficiently in the adipose tissues. This 

store is larger than glycogen stores. The amount thus stored varies from person to person. A well-

balanced amount needs to be maintained as an added reserve energy source.  

Muscle mass: In the muscle mass, a limited amount of energy is stored as protein. This lean muscle 

mass needs to be maintained for good health. The body draws on these tissues for energy, only when it 

is under stress due to long periods of fast or starvation. 

 Basal Metabolic Rate: 

The amount of energy required by the body for carrying involuntary work and maintaining the body 

temperature is known as the basal metabolic rate (BMR). The involuntary work includes the functioning 

of various organs and systems which work continuously to keep the body processes going such as heart 

and blood circulation, the kidneys and excretion. Approximately one-third of this is needed for these 

processes, while the remaining two-thirds is utilized for maintenance of muscle tone. The adult BMR 

is 1 kcal/kg body weight/hour for men and 0.9 kcal/kg body weight/ hour for women, or approximately 

1,440 kcal for men and 1,080 kcal for women, respectively. 

Factors affecting the BMR: 

Many factors influence the BMR. 

Body size:  heat is continuously lost through the skin. A tall well-built person has a greater skin surface 

area than a shorter or smaller person and loses more heat through the skin and hence has a higher BMR. 

Body composition: The amount of muscle tissue and adipose or fatty tissue in the body affects the 

BMR. An athlete with well – built muscles and little body fat has a higher BMR than non-athlete with 

more body fat of the same weight. The metabolic activity in muscle tissue or lean tissue is much more 

as compared to adipose or fatty tissue. 

Age: During periods of rapid growth, the BMR increases by 15-20% because the growth hormone 

stimulate cell metabolism and new cells are formed. It is high during infancy, pre-school years, and 

puberty. During pregnancy and lactation, it rapidly increases once again. The BMR gradually declines 

with age at the rate of 2% for each decade after the age of 21 years.  

Sex: The BMR is 10 % higher in men as compared to women. The difference in BMR is attributed to a 

higher proportion of adipose tissue in females and hormonal variations between the sexes. 

Fever: Fever increases the BMR by 7% for each degree Fahrenheit rise in body temperature. This is 

one of the reasons for loss of weight during fever. 

State of health: The BMR is low during starvation and malnutrition because of reduction in muscles 

tissue. In diseases and conditions where catabolic processes are high, such as cancers, tuberculosis and 

burns, BMR is high.   

Hormones: Disorders of the thyroid gland markedly influence the BMR. Hyperthyroidism, a condition 

of excessive production of thyroid hormone, increases BMR and hypothyroidism or decreased 

production of thyroid hormone decreases BMR. 
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Climate: The BMR rises when the climate is cold in order to maintain normal body temperature. In 

very warm climates leading to profuse sweating, BMR may increase by trying to reduce body 

temperature. 

Psychological tension: Worry and anxiety increase BMR. 

Energy for Physical Activity: 

Physical activity increases the energy requirement above the basal metabolism. There is a wide variation 

in the energy required for physical activity among individuals. Physical activity includes energy needed 

for work, recreation, and mental activity, i.e., all voluntary activities. Some of people use up more 

energy for physical activity than for basal metabolism. On the basis of occupation, activities are grouped 

under three heads. 

 Sedentary/ light work: Teaching, office work, executive, housewife and tailoring 

 Moderate work: Farming, industrial labour, driver, maid servant 

 Heavy work: Stone cutter, miner and wood cutter 

The energy required varies with the type of activity and the speed and efficiency with which it is 

performed. For example, swimming uses up twice the bicycling, and walking briskly uses up thrice the 

energy of walking at moderate pace. The body size of the person also affects energy expended for a 

task. The larger the body size, the more energy would be needed just as more energy is needed to move 

a heavy sack of potatoes compared to a lighter one.  

The ICMR expert committee adopted the FAO/WHO procedure of using BMR factors for arriving at 

the energy requirements of Indian reference man and woman. These BMR factors for Indian men and 

women engaged in sedentary, moderate and heavy activity are 1.6, 1.9 and 2.5 respectively. The energy 

requirement of Reference Indian man and woman as given in RDA 1990 is presented in Table : 

Table 2: Energy Requirement of Reference Indian 

Sex Activity Body weight 

(kg) 

Energy (kcal) 

Man Sedentary 

Moderately 
Heavy 

60 

60 
60 

2425 

2875 
3800 

Woman Sedentary 

Moderately 

Heavy 

50 

50 

50 

1875 

2225 

2925 

 

Table 3 : Recommended Daily Allowances for Energy 
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Menu planning 

Learning objective 

 Definition and aim of menu planning 

 Factors influencing menu planning 

 Steps of menu planning 

Introduction 

 Menu is the statement of food and beverage items available or provided by food 

establishments primarily based on consumer demand and designed to achieve organizational 

objectives. It represents the focal point around which components of food service systems are 

based. The menu is designed carefully what the outlet wants to cater for, keeping in mind the 

type of clientele. The main advantage of a well-planned menu is that it leads to consumer 

satisfaction. 

Definition: 

 Menu planning is defined as a simple process which involves application of the 

knowledge of food, nutrients, food habits and likes and dislikes to plan wholesome and 

attractive meal. The caterer who is responsible for providing meals has to decide on various 

aspects, such as: 

 Menu 

 Serving cost 

 Food cost 

 Supplier and quantities to be purchased 

 Standardized recipes to be followed 

 Type of service 

 Meal timing 

 clientele 

 

Objectives of Menu Planning  

 

The aim of menu planning is to:  

1. Meet nutritional needs -- ““Recognition that food is treatment”-- part of medical 

therapy  

2. Plan meals within the food cost  

3. Simplify purchase, preparation, and storage of meals  

4. Provide attractive, appetizing meals with no monotony  

5. Save time and money  

6. Minimize overhead expenditure, i.e., fuel, electricity, water, labor.  

7. Meet//exceed customer expectations  

8. Determine production methods and distribution systems  

9. Dictate staffing levels  



10. Provide quality,, standardization & predictability 

 

Types of menu 

Menus are of the following type: 

1. Table d'hôte or fixed price menu 

 The menu has fixed number of courses  

 There is a limited choice within each course  

 The selling price of the menu is fixed  

 The dishes provided will all be ready at a set time  

 

2. A la carte 

The term à la carte may be translated as 'from the card'. This type of menu may be 

defined by the following points:  
 It gives a full list of all the dishes that may be prepared by the establishment  

 Each dish is priced separately  

 A certain waiting time has to be allowed for many of the dishes  

 Some dishes are cooked to order  

 

3. Banquet menu 

These are special menus for banquets or functions. 

 

4. Institutional menus 

It includes hospital menus, boarding school menu and industrial canteen menus. 

Factors affecting menu planning 

1. Nutritional adequacy: It must be include RDA for each age group. 

2. Economic consideration: financial power of consumers kept in mind for food cost. 

3. Type of food service: menus should be planned in relation to the type of food service, 

eg. cafeteria, seated service etc. 

4. Equipment and work space: It considers available equipment and work space in mind, 

eg. deep freezers, refrigerator, grinder, deep fryers. 

5. Leftover food: Adequate storage space and hygienic standards should be ensured to 

minimize the risk of contamination and spoilage of food. 

6. Food habits 

7. Availability of raw material like fruits & vegetables. 

8. Meal frequency and pattern 

9. Variety 

 Variety in food ingredients 

 Variety in recipe 

 Method of cooking 

 Colour, texture and flavour 

 Variety in presentation and garnish 



Planning balanced meals 

Meal planning involves proper selection of food to ensure balanced meals. 

Three main function of food are: 

1. Providing energy 

2. Body building & maintenance 

3. Regulation of body processes and protection against infection. 

 

On the basis of functions performed, food is classified into the following three groups. 

1. Protective / regulatory foods:  

 Green leafy vegetables, orange, yellow & red fruits & veg, citrus fruits - rich 

in carotene & ascorbic acids, minerals, fibre and carbohydrate. 

2. Body-building food 

 All animal proteins  - protein, vitamin & minerals rich 

 Pulse, nuts & oilseeds  - protein, vitamin, minerals, fibre, oils 

3. Energy-giving foods 

 Cereal &millets and roots & tubers - carbohydrate rich with other 

nutrients. 

 Sugars & jaggery   - only carbohydrate 

 Fats & oils    - mainly fats & oils 

Steps in planning balanced meals 

1. Collect information regarding the customer with respect to: 

 Age 

 Gender 

 Activity level 

 Religion 

 Socio-economic background 

 Food habits 

2. Check the RDAs for energy & proteins 

3. Prepare a food plan, i.e., list number of serving from each food group to meet the 

RDA. 

4. Decide on the number of meals 

5. Distribute servings for each meal 

6. Select foods within each group & state their amount 

7. Plan a menu 

8. Cross-check to ensure that all food groups are included in requisite amounts. 
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