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9.0    OBJECTIVES 
 

After studying this unit you should be able to: 
 

• define vitamins and minerals and classify them into various groups, 
• outline the physiological importance of vitamins and minerals,  
• describe the applications of vitamins and minerals in food industry, 
• state the diseases associated with the deficiencies of vitamins and minerals,  
• explain the effect of food processing on vitamins and minerals in the food, 
• define metal toxicity, state its sources and ill effects, 
• describe different food applications of vitamins and minerals, and 
• explain the importance of fortification of food. 

9.1 INTRODUCTION 
In this block, you have so far learnt about the chemistry and the applications of 
the food constituents occurring in large amounts in different foods. In this unit 
we deal with the constituents that are present in very small amounts, yet are 
essential components of food. These include vitamins and minerals and are 
called micronutrients. One very important aspect of vitamins and minerals is 
that except for a very few vitamins, these cannot be synthesized in our body 
and food is their prime source. 
 
The vitamins are involved in a number of physiological functions in our body 
and their deficiency causes disorders leading to diseases. It is, therefore, 
pertinent to learn about the basic structure, characteristics and physiological 
functions of these compounds so as to appreciate their importance in the food. 
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Since vitamins are present in foods in minute amounts, their protection during 
preservation and processing of foods is a major concern. An understanding of 
the effects of food processing on these and the means employed to retain them 
in the food is equally important.  
 
Similar to vitamins, minerals like iron, calcium, iodine etc. present in food are 
also important for maintaining normal health. The consequences of their 
deficiencies are well known. However, some of the minerals like heavy metals 
are toxic if consumed in excess. Further, certain sections of the population 
consume foods that are deficient in vitamins and minerals. In such cases, it 
becomes desirable to use foods supplemented with both the components.  
 
In the light of the above, this unit deals with various vitamins and minerals in 
terms of their occurrence, classification, physiological role, deficiency 
diseases, the effect of food processing on them and their food applications. 

9.2 CLASSIFICATION OF VITAMINS 
Vitamins are a group of organic compounds having diverse structures. These 
vital components of the food were earlier believed to be amines in their nature 
and behaviour and hence the name; derived from ‘vital amine’. The vitamins 
do not supply energy to the body but play an important role in the energy 
transfer as well as in control of many metabolic processes. Vitamins help in 
converting food into useable energy. Besides, they assist in the manufacture of 
blood cells, hormones, and the chemicals of the nervous system.  Most of the 
vitamins are generally synthesised by the plants and found in animals as a 
result of food intake.  Some of the vitamins like vitamin A occur in plant foods 
as provitamins e.g., β-carotene. However, some organisms can synthesise a 
few vitamins e.g., rat can synthesise vitamin C and human beings can 
synthesise vitamin D and niacin. 

In the year 1880, Sir, Frederick 
and Hopkins first reported the 
necessity of certain food factors.  
In 1912, Funk observed that 
diseases like beri-beri, scurvy 
and pellagra could be prevented 
by some specific components of 
food.   

Provitamins are the 
compounds that are not 
vitamins but can be 
transformed by the body into 
vitamins. 

  
All the known vitamins can be classified into two groups, depending on their 
solubility. These are the water soluble vitamins and the fat soluble vitamins. 
The former group comprises of the B group vitamins and vitamin C, where as 
the fat soluble group includes vitamins A, D, E and K. Most of the water 
soluble vitamins have well identified coenzyme functions. The fat soluble 
vitamins, on the other hand, are not known to have any such properties. 
 
We will discuss the chemistry and food applications of the fat soluble vitamins 
first. 

9.3 FAT SOLUBLE VITAMINS  
These vitamins are non-polar, hydrophobic molecules which are not soluble in 
water but readily dissolve in fats. Fat soluble vitamins include vitamin A and 
carotene (provitamin A), vitamin D, vitamin E and vitamin K. These are fairly 
stable and are not destroyed by heat and are normally not lost in the cooking 
process. The fat soluble vitamins are isoprene derivatives and are absorbed 
along with the normal fats in human beings. They are transported by 
lipoproteins or with the help of other specific binding proteins in the blood. 
The body is able to store excess of fat soluble vitamins in the liver and other 
fat storage sites and are made available when one is on a vitamin deficient diet. 
However, an overdose of these vitamins may have toxic effects leading to 



 

 
92 

Food Chemistry hypervitaminosis. Therefore addition of fat soluble vitamins to the food or 
taking vitamin supplements must be carefully controlled.  

9.3.1 Physiological Importance of Fat Soluble Vitamins 
The fat soluble vitamins perform a range of functions in the body. These are 
found both in plant and animal food sources. The dietary sources, 
physiological role, deficiency diseases and the hypervitaminosis symptoms of 
all the fat soluble vitamins are compiled in Table 9.1. 

The toxic effect of 
accumulation of large amounts 
of a vitamin in the body is 
called hypervitaminosis. 

9.3.2 Food Applications of Fat Soluble Vitamins 
Vitamin A (Retinol) 
 
Structurally vitamin A is an isoprene derivative related to carotenoid pigments, 
α, β and γ carotene, found in plants. These carotenoid pigments are precursors 
of vitamin A and are known as provitamin A. β-carotene has a symmetrical 
structure and it gives rise to two molecules of vitamin A by enzymatically 
catalysed symmetrical oxidative cleavage. 

        
                                 β-carotene 

 
Vitamin A finds use in food industry in two forms- as dry powder and in water 
soluble form. Vitamin A dry powder is used in the manufacture of dry 
mixtures, which find applications in dry formulations like coated tablets and 
capsules. It is also a preferred choice in animal feed industry. The stability of 
vitamin A in the dry powder is enhanced by matrix coating of the vitamin A 
esters with gelatine, which protects them from direct oxidation. 
 
In the water soluble form, vitamin A is a yellowish green, slightly turbid, 
fluorescent liquid with a faint characteristic odour. Water soluble vitamin A 
finds extensive use in the manufacture of solutions for oral administration. It 
contains the palmitate ester of vitamin A which is made miscible with water 
and aqueous liquids by a solubilizer.  In addition, a stabiliser is added to the 
preparation so as to delay a possible loss of activity by atmospheric oxidation. 

Vitamin D 

Vitamin D is a group of compounds related to sterols. Sterols are polyaromatic 
alcohols. This vitamin occurs in several forms, the two most important are 
vitamin D2 or ergocalciferol and vitamin D3 or cholecalciferol. Vitamin D2 is 
produced by the UV irradiation of ergosterol, present in yeast and moulds.  
Vitamin D3 is produced by the UV irradiation of 7-dehydrocholesterol, present 
in the skin. 
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Table 9.1:  Dietary Sources, Physiological Functions, Deficiency Diseases and Hyper-vitaminosis Symptoms of Fat-soluble Vitamins 

 Name of 
the Vitamin 

Dietary Sources Physiological Functions Deficiency Diseases Hyper-vitaminosis  

1 Vitamin A 
(Retinol) 

• Only in fish liver oil and foods of 
animal origin such as liver, eggs, 
milk and fatty fish 

• Maintenance of normal vision  
• Building and growth of skeletal cells 

and provides immunity to the body  

• Night blindness 
• In early stages of vitamin A deficiency, 

one cannot see well in dim light 
• In advanced deficiency, the person cannot 

see objects in dim light 
• cessation of growth and keratinization of 

the epithelium in various parts of the 
body, such as the respiratory, 
alimentary, reproductive and genitor-
urinary tracts,  

• defects in the teeth,  

• Mild: nausea, 
irritability, blurring of 
vision 

• Plant foods contain only carotenoids 
(the precursor of vitamin A) and 
include green leafy vegetables, 
tomato, carrot, mango and other 
yellow coloured fruits 

• Dietary retinoids, especially 
carotenoid compounds have been 
found to suppress carcinogenesis 
(development of cancer) 

• disturbances in bone growth  

• Severe: growth 
retardation, enlargement 
of liver and spleen, hair 
loss, increased skull 
pressure 

2 Vitamin D • Vitamin D2 occurs in small amounts 
in fish liver oils 

•  Vitamin D3 is widely distributed in 
eggs, milk, butter and cheese but 
large amounts occur only in fish liver 
oils 

• Essential for bone formation 
• Promotes absorption of calcium and 

phosphorous and deposition in bone 
• Involved in the formation of teeth 

• Calcification (calcium deposition) of 
bone does not take place 

• Result in the disease called rickets in 
infants and children leading to bowleg, 
enlargement of ankles and wrists and 
deformities of the chest bones called 
‘pigeon breast’, osteomalaeia in older 
people.  

• Mild: nausea, weight 
loss, irritability  

• Severe: mental and 
physical growth 
retardation, kidney 
damage 

 

3 Vitamin E 
 

• Delta tocopherols were isolated from 
soybean oil as the richest natural 
sources 

• Cereal germ oils like wheat germ oil 
and corn germ oils, soybean oil  

• Cottonseed oil contains alpha, beta, 
and gamma tocopherols 

• Essential for normal reproduction in 
several species of animals and also in 
human beings 

• Reproductive failure • Severe: nausea, 
digestive tract 
disorders 

• Liver necrosis (damage) 
• Muscular dystrophy, etc. The cardiac 

and smooth muscles as well as the 
skeletal muscles are affected. 

 

 

4 Vitamin K • Occurs widely in plant foods, 
especially in leafy vegetables like 
spinach, cabbage, alfa-alfa 

• Almost 50% of the vitamin 
requirement is derived from intestinal 
micro-organisms 

• Essential for blood clotting by 
increasing the prothrombin levels in 
blood  

• Inadequate intake or inadequate intestinal 
absorption of vitamin K 

• No significant 
consequence reported, 
however, in severe 
cases the liver may get 
damaged 

•  Inadequate intestinal absorption can occur 
due to disease of the liver or diarrhoea  

• Deficiency leads to increased blood 
clotting time. This may lead to 
haemorrhage conditions 
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 Vitamin D2 (Calciferol)                Vitamin D3 (Cholecalciferol) 
 
Vitamin D2 is primarily used in the preparation of various drug formulations. 
A mineral stable dry powder under the name of vitamin D2 is commercially 
available in the animal feed industry. In many countries, milk and milk 
products, margarine and vegetable oils fortified with vitamin D serve as a 
major dietary source of vitamin. 

Vitamin E 

Vitamin E belongs to a group of compounds called tocopherols are soluble in 
nonpolar solvents and are insoluble in water. The storage stability of unrefined 
vegetable oils is attributed to the tocopherols present in them.  
 

Vitamin E   (α-
tocopherol) 

Vitamin E has excellent antioxidant properties and is destroyed by oxidising 
agents and UV light; however, it is fairly resistant to heat. As an antioxidant, 
vitamin E protects vitamins A and C, red blood cells and essential fatty acids 
from destruction. Regular consumption of antioxidant-rich fruits and 
vegetables is claimed to be associated with   lowering risk for heart disease, 
cancer and several other diseases. Since alpha tocopherols have the highest 
biological activity, its content is taken for calculating the human requirements. 
 
DL-α-tocopherol is mainly used as an antioxidant in stabilising edible oils, fats 
and fat-containing food commodities, pharmaceutical preparations and 
cosmetics. 

Vitamin K 

Vitamin K belongs to the group of compounds called quinones. Vitamin K1 is 
called phylloquinone and K2 is called menaquinone. Vitamin K1 is the only 
vitamin K found in plants. Vitamin K3 is menadione and is synthetic in nature. 

Its deficiency cannot 
occur easily in 
animals. Animal 
foods like egg yolk, 
milk, and butter 
contain little vitamin 
K. 

 
 
 
 
 
 
 
 
Menadione is used in the preparation of drug formulations and vitamin K 
supplementation of feed mixes and infant formula foods. 
 
Before proceeding the water soluble vitamins try to answer the following 
exercise. 

Check Your Progress Exercise 2 

Note: a) Use the space below for your answer. 
 b) Compare your answers with those given at the end of the unit.  
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Match the statements given in column 1 with the terms given in column 2. 
 
             Column 1      Column 2 

a)   Precursor to vitamin A i)   Vitamin D 

b)   Deficiency leads to bow legs ii)   Carotenoids 

c)   Used as an antioxidant iii)   Vitamin K 

d)   Essential for blood clotting iv)   Vitamin E 

 
2.    β-Carotene is called provitamin A because: 

i) it favours absorption of vitamin A. 
ii) it gets converted to vitamin A in the body. 
iii) it is one of the components of vitamin A structure. 
iv) it catalyses the synthesis of A in the body. 

9.4 WATER SOLUBLE VITAMINS 
As mentioned earlier, these vitamins are readily soluble in water and include a 
group of vitamins called vitamin B and vitamin C. Due to their solubility in 
water these vitamins get regularly eliminated from the body through urine. The 
body, therefore, requires a regular intake of these vitamins and these must be 
present in our daily diet. These vitamins are destroyed by prolonged heat and 
there is an appreciable loss of vitamin activity during the cooking process.  

9.4.1 Physiological  Importance of Water Soluble Vitamins 
Let us read about the physiological and chemical significance and the food 
applications of water soluble vitamins in the following sub-sections. You will 
find the dietary sources, physiological functions and deficiency diseases of the 
water soluble vitamins in Table 9.2. As mentioned above, these vitamins are 
water soluble, any excess amount in the body is eliminated through urine etc. 
Therefore unlike fat soluble vitamins these do not get accumulated in the body. 
Fruits and vegetables are a good source of water soluble vitamins. 

 
Table 9.2:  Dietary sources, physiological functions and deficiency diseases of 

water soluble vitamins 
 

Name of the 
Vitamin 

Dietary sources Physiological 
functions 

Deficiency diseases  

Vitamin B1 
(Thiamine) 
 

• Whole cereals, 
pulses 
(legumes), 
oilseeds, eggs, 
pork and nuts 

 

• Functions in 
carbohydrate 
metabolism.  

• Free thiamine is 
readily absorbable 
by small intestine 

• Necessary for nerve 
function, appetite 
and normal 
digestion 

Mild deficiency leads to 
loss of appetite, fatigue, 
depression, irritability 
gastrointestinal 
disturbances, oedema, 
muscular incordination 
and heart failure 
resulting from an 
abnormal enlargement 
of the heart. 

•  Beriberi disease  
Vitamin B2  

(Riboflavin) 

 

• Liver, dried 
yeast, white 
bread, egg 
powder, whole 
and skim milk 

• Concerned in the 
regulatory 
function of 
insulin.  

• The retina 

• Causes oral and 
facial, scrotal, 
vulval, and also 
ocular lesions. 

• Itching and burning of 
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Dietary sources Physiological 
functions 

Deficiency diseases  

powder are 
excellent 
sources  

• Milk, cheese, 
eggs, whole 
grain and green 
leafy vegetables 
are also good 
sources. 

 

contains 
riboflavin, which 
is converted by 
light to a 
compound 
involved in 
stimulation of the 
optic nerve 

• Forms a part of 
enzyme systems 
involved in the 
metabolism of 
carbohydrates, 
fats and proteins. 

the eyes, microssed 
sensitivity to light 
dimness of vision at a 
distance and 
vascularization and 
opacity of the cornea 

• Severe deficiency in 
animals leads to 
cessation of growth 
and eventual death. 

Vitamin B5 
(Pantothenic 
 acid ) 
 

• Widely 
distributed in 
foods.  

•  Dried yeasts, 
liver, rice 
polishing, wheat 
germs, fleshy 
foods, eggs, fish 
etc. are good 
sources. 

 

• Important role in 
the metabolism of 
Co-enzyme A 

•  Indirectly it has a 
role in the 
utilization of 
carbohydrates and 
fats 

• Deficiency disease 
symptoms are 
headache, fatigue, 
weakness, 
sleeplessness, nausea 
etc. 

• Often not observed 
in humans 

• deficiency in chicks 
causes keratitis, 
dermatitis 
degenerative 
changes in the spinal 
cord, fatty livers and 
involutions of the 
thymus.  

• Rat deficient in the 
vitamin fail to grow 
normally 

Vitamin B6 
(Pyridoxine 
hydrochloride)    
 

• Both plant and 
animal foods 

•  Dried yeast, 
rice polishing, 
wheat germ and 
liver are 
excellent 
sources  

• Whole cereals, 
legumes, oil 
seeds, nuts, egg, 
milk, meat and 
fish and leafy 
vegetables are 
good sources   

• Essential for 
growth of infants 

• Important roles in 
amino acid and 
lipid metabolism  

• Pyridoxal 
phosphate acts as 
a coenzyme for a 
number of 
enzyme systems, 
removes carbon 
dioxide from the 
acid groups of 
certain amino 
acids and transfer 
amine groups 
from one 
compound to 
another.  

• Pyridoxal 
phosphate helps 
in transamination 
reactions, 
poryphyrin 
synthesis etc. 

• Degeneration of the 
nerves  

• Has also some 
influence on the 
functioning of 
hormones. 

• In rat, deficiency 
cause decreases 
growth rate, 
dermatitis, anemia 
and convulsions 

Niacin (Nicotinic 
Acid) 
 

Yeast, liver, meat, 
poultry, whole 
grains, fresh pork 

Nicotinic acid is 
essential for the 
normal functioning if 

• Deficiency of Niacin 
leads to a disease 
known as pellagra.  In 
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Name of the 
Vitamin 

Dietary sources Physiological 
functions 

Deficiency diseases  

are excellent 
sources of niacin. 
Good proteins like 
milk protein are 
associated with 
niacin because 
tryptophan, an 
amino acid, present 
in the proteins is 
converted into 
niacin in the body.  

the skin, intestinal 
tract and the nervous 
system 

pellagra disease 
dermatitis, glossitis 
and stomatitis occur. 
Dermatitis disappears 
wherever that part of 
the body is exposed to 
sunlight.  

• The other symptoms 
are irritability, mental 
anxiety and 
depression, which can 
develop to delirium 
and dementia.    

Biotin 
 

• Peanuts, 
chocolates, egg 
yolk, liver, 
kidney, peas, 
cauliflower, dry 
yeast, milk 
products, 
cereals etc. are 
good sources 

• Royal jelly 
from honeybee 
is the richest 
source of biotin 
(400 μg / 100 g) 

• Produced by 
intestinal 
bacteria 

• Essential for the 
activity of many 
enzyme systems 

• Helps in 
maintaining the 
skin structure and 
is necessary for 
normal gestation 
and lactation in 
animals 

• Required for fatty 
acid metabolism 

 

• Biotin deficiency 
does not occur in 
humans frequently.   

• Experimental 
deficiency in 
animals has shown 
skin scaling, 
dermatitis, muscle 
pains, anorexia (lack 
of appetite) and 
slight anaemia. 

 

Folic Acid 
(Pteroylglutamic 
acid)    
 

• Dried yeast, 
green leafy 
vegetables, dry 
beans, cabbage, 
soybean, yeast, 
kidney and liver  

 

• Essential for the 
maturation of Red 
Blood Cells 
(RBC); Acts as 
co-enzyme in the 
transfer of single 
carbon groups 
such as methyl or 
form,  

• Essential for 
reproduction in 
animals  

• Also helps in the 
hair growth and 
health of skin. 

 

• Causes 
megaloblastic 
anaemia, which is 
also called 
macrocytic anaemia, 
mainly occurs in 
pregnant women, 
and is due to 
accumulation of 
immature RBCs in 
bone marrow   

• Inadequate supply of 
vitamin causes 
glossitis (red sore 
tongue), diarrhoea, 
and anaemia 

Vitamin B12 
(Cyanocobalamin) 
 

• Present only in 
foods of animal 
origin.    

• Kidney and 
liver, egg, 
cheese, milk, 
fish etc. are 
good sources  

 

• Promotes the 
maturation of Red 
Blood Cells 
(RBC); Essential 
for the normal 
function of bone 
marrow and the 
nervous system.  

• Takes part in 
many enzymatic 
reactions, is 
essential for the 
absorption of 
calcium and 
phosphorus. 

• Causes pernicious 
anaemia life span of 
RBCs comes down 
and shape and size 
of RBCs also change 

• Other symptoms are 
skin lesions, 
reduction in gastric 
secretion, effect on 
spinal cord, tingling, 
numbness, loss of 
sense of limbs, 
depression etc. 
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• Aids in providing 
energy to the 
central nervous 
system 

• Also helps in the 
increase of white 
blood cells and 
blood platelet 
count. 

Vitamin C 
(Ascorbic Acid) 
 

• Widely 
distributed in 
the plant 
kingdom.  

• Many fruits and 
vegetables like 
amla, orange, 
lemon, guava, 
cabbage, etc. 
are good 
sources  

 

• Essential for the 
formation of 
collagen and 
osteoblasts 

• Severe deficiency 
results in the 
development of the 
disease called 
scurvy. The disease 
is characterised by 
general weakness, 
spongy bleeding 
gums, loose tooth 
swollen joints and 
haemorrhages in 
various tissues.  

• For carbohydrate 
and cholesterol 
metabolism,  

• Oxidation of 
phenylalanine to 
tyrosine, for the 
absorption of iron,  

• Rapid healing of 
wounds.  

9.4.2 Food Applications of Water Soluble Vitamins 

Vitamin B1 (Thiamine) 

It is a white crystalline powder. Its chemical structure was established by 
Williams and co-workers in 1936 and was shown to be thiamine 
hydrochloride, containing a pyrimidine ring and substituted thiazole ring 
joined by a methylene bridge. It is stable to heat in acid foods but it is less 
stable in neutral foods. Baking of cereal products shows considerable loss in 
thiamine content and it is destroyed by alkali also. Due to its solubility in water   
thiamine is leached out during wet processing of food.  

Vitamin B2   
(Riboflavin) 

 
The steady increase in the consumption of white flours that are low in vitamin 
content is exposing large sections of the population to the risk of vitamin B1 
deficiency. Therefore, the white flours are extensively being fortified with 
chemically pure vitamins of the B group. Vitamin B1 hydrochloride find a 
common application in the preparation of drug formulation of all types, 
especially of oral drop solutions, drops, tablets and others and also for the 
vitamin fortification of foods. As sulphur dioxide destroys the vitamin activity 
of thiamine, sulphites should not be added as a preservative to foods rich in 
thiamine. 

Vitamin B2 (Riboflavin) 
Riboflavin is made up of a yellow pigment called flavin (isoalloxazine) and a 
pentose alcohol called ribitol.  Flavin adenine dinucleotide (FAD) and flavin 
mono nucleotide (FMN) are the coenzymic forms also found in some foods. 
Riboflavin is slightly soluble in water and ethyl alcohol. The solution when 
exposed to ultra-violet light emits a strong greenish yellow fluorescence. It is 
stable in acid or neutral medium but is destroyed in alkaline medium especially 
on heating. 

Vitamin B2 is used as a colour and nutrient in various food commodities such 
as baked foods, noodles and macaroni products, ice creams and soup mixes. 
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Vitamin B5 (Pantothenic acid ) 
Pantothenic acid is an unstable viscous oil soluble in water. Structurally it is an 
amide of pantoic acid and β-alanine-an amino acid. Pantothenic acid is stable 
to heat but destroyed by acid and alkali.  It is readily absorbed from small 
intestines.   
 
As calcium pantothenate, vitamin B5 is used in drug formulations and the 
vitamin fortification of animal feeds. 

Vitamin B6 (Pyridoxine hydrochloride)    
Pyridoxine is a naturally occurring pyridine derivative. Pyridoxine 
hydrochloride is a white crystalline powder that is almost colourless. It is 
easily soluble in water and insoluble in 95% ethanol. On prolonged exposure 
to the sunlight and UV light it changes gradually. The active form of this 
vitamin is pyridoxal and a related compound is pyridoxamine. 
 
Sterilization of milk done by heating it at high temperature results in the loss of 
vitamin B6. It is interesting to know that the vitamin B6 hydrochloride added to 
milk or milk preparation is more resistant to thermal sterilization than the 
vitamin B6 naturally present in the milk. Loss of vitamin B6 due to thermal 
sterilization of milk based preparation may thus be compensated by external 
addition of vitamin B6 hydrochloride. 

Vitamin B3 (Niacin) 
Niacin is the nontoxic derivative of the toxic tobacco alkaloid, nicotine. There 
are two forms of this vitamin, i.e. nicotinic acid and nicotinamide. These are 
collectively called niacin. On heating, the acid or alkaline solutions of 
nicotinic acid are converted to nicotinamide. Niacin is one of the most stable of 
the vitamins.  It is stable to acids, bases, oxidising agents, heat and light. 
However, it is destroyed by autoclaving at 120°C for 20 minutes. It is 
sparingly soluble in cold water, but soluble in hot water and alcohol.  
Nicotinamide exists almost exclusively as a constituent of coenzymes NAD 
(nicotinamide adenine dinucleotide and NADP (nicotinamide adenine 
dinucleotide phosphate). It has been 

estimated that 60 mg 
of tryptophan yield 
1 mg of niacin.  

 
Nicotinic acid mainly used in the vitamin fortification of flour, macaroni and 
noodle products. Besides the vitamin efficacy, nicotinic acid is sometimes used 
in combination with ascorbic acid in the meat industry, to retain the colour in 
minced and unpickled meats. 

Biotin 
Structurally biotin is an imidazole derivative. It is sparingly soluble in cold 
water and is freely soluble in hot water. It is stable to heat but sensitive to acid, 
alkali and oxidising agents.  It forms salts with alkali hydroxides. The protein 
avidin present in raw egg white very strongly binds biotin thereby reducing its 
availability and leads to the symptoms of deficiency of this vitamin.  
 
Biotin is mainly used in the preparation of injection, and also in the 
manufacture of vitamin B complex and multi-vitamin preparations. In addition, 
biotin also finds application in the manufacture of baking yeasts. 
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Folic acid is also called pteroylglutamic acid as it is mainly composed of 
substituted pteridine, p-aminobenzoic acid and glutamic acid. It is widely 
distributed in nature.  It is produced by many bacteria and is a yellow 
crystalline compound moderately soluble in hot water and stable to heat.   
 
Folic acid is mainly used in the manufacture of dry drug formulations and also 
in the vitamin fortification of animal feeds. 

Vitamin B12 (Cyanocobalamin) 
Cyanocobalamin has a complicated chemical structure in which cobalt (III) 
atom is bound to four nitrogen atoms of a corrin ring as shown in the figure. 
Vitamin B12 is a water-soluble dark red crystalline compound which is not 
stable to acids and alkali. It gets partially destroyed on exposure to sunlight.   
 
Cyanocobalamin is used in the preparation of liquid and dry drug formulations 
of all kinds. Cobalamin concentrates are being used in the animal feed 
industry. 

Vitamin C (Ascorbic acid) 
Scurvy is known to the mankind since centuries. The sailors on long voyage 
were found to be suffering from this disease. This was due to the non-
availability of fresh fruits and vegetables to sailors in their long journey.  
Szent-Gyorgy (1928) isolated an acid with intense reducing properties from 
cabbage, orange and adrenal glands. Subsequently, it was named ascorbic acid 
due to its antiscorbutic properties. Vitamin-C is a water soluble white 
crystalline compound stable in acid solution but sensitive to oxidation. It is 
sensitive to high temperature also. It is only water soluble vitamin without a 
coenzymic activity. 
 
Vitamin C has a simple structure that resembles a monosaccharide to some 
extent. It is an ene-diol of a hexose sugar acid, and is a naturally occurring 
lactone. Due to the presence of a dienolic structure it has strong reducing 
properties. Dehydroascorbic acid is the oxidized form of vitamin A.  
 

Antiscorbutic: having 
a property of curing 
scurvy 

Ascorbic acid is used for the preparation of various drug formulations and for 
the vitamin fortification of foods and beverages. 
 

Vitamin C is used in the prevention of browning and discolouration in 
vegetables and fruit products as an antioxidant in fats, fish colour in meat as an 
improver of flour, as an agent in wine partially replacing SO2 and as an added 
nutrient. 
 

Try to check your understanding of the water soluble vitamins by answering 
the following questions: 

Check Your Progress Exercise 2  
Note: a) Use the space below for your answer. 
 b) Compare your answers with those given at the end of the unit.  
 

1. Fill in the blanks spaces with appropriate words: 
 

i) Some good sources of vitamin B1 include ……………, ……………., 
…………. etc. 



 

 101

Vitamins and 
Minerals 

ii) Vitamin ……………….emits a strong greenish yellow fluorescence when 
exposed to …………………. light. 

iii) Vitamin ………………finds food application in vitamin fortification of animal 
feeds. 

iv) Deficiency of pyridoxine hydrochloride causes                         . 
 

2. Tick mark (√) the correct answer for the statement given below 
 
   The only water soluble vitamin not associated with coenzyme activity is: 

i) vitamin B1 
ii) vitamin B6 
iii) vitamin C 
iv) vitamin B12 

9.5 CLASSIFICATION OF MINERALS 

In addition to the organic components like proteins, carbohydrates, fats and 
vitamins etc. our food also contains small amounts of inorganic species called 
mineral elements. These minerals play key functional roles in health and 
nutrition of humans. In the context of food and nutrition the minerals may be 
defined as the elements other than carbon, hydrogen, oxygen and nitrogen that 
are present in food. These are present in relatively low concentrations in the 
food.  About 25 of the elements occurring naturally on the earth’s crust are 
known to be essential to life and are present in living cells. Further, since our 
food is derived from living plants or animals, these elements are expected to be 
present in our food.  
 
The mineral elements can be divided into two groups on the basis of their 
amounts in the body. The major minerals are found in bulk concentrations in 
the body while the microminerals or the trace elements are present in very 
small concentrations. In terms of their biological roles, the mineral elements 
are divided into essential elements having known biological roles non-
essential elements with unknown functions, and toxic elements.  Sodium, 
potassium, phosphorous, iron, calcium, zinc, selenium, magnesium, copper, 
tin, cobalt, manganese and fluorine etc. are the examples of essential elements. 
These function as electrolytes, as enzyme constituents and as building 
materials in bones and teeth. Boron, aluminium, mercury, lead and cadmium 
are non essential elements. Of these boron and aluminium are non-nutritive 
and non-toxic whereas the rest are and non- nutritive, toxic elements. 
 
In addition to their nutritional and physiological role, minerals contribute to 
food flavour and texture.  They activate or inhibit the enzyme catalyzed and 
other reactions. Even though minerals are present in low concentrations, they 
often affect the physical and chemical properties of food because of their 
interactions with other food components.   

9.5.1 Macrominerals: Physiological Importance and Food 
Applications 

As the name suggests, these minerals are required in relatively larger amounts 
in the diet, generally greater than 100 mg/day.  It follows that they are also 
present in greater amounts in the body. Table 9.3 gives the food sources, 
physiological roles and food applications of macro-minerals. 
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Food Chemistry Calcium magnesium and phosphorus play an important role in the stability of 
fluid milk products such as liquid milk, concentrated milk, lassi etc and control 
the texture of semisolid products like cheese, ice-cream, chhana, paneer, khoa 
etc. While calcium and magnesium, the two divalent cations impart hard 
texture to cheese, ice cream, chhana, paneer and khoa, the divalent anions like 
phosphate and citrate import soft texture characteristie to these products. 
Concentrations of minerals in the food may also effect its digestability. 
 
Table 9.3:  Food sources, physiological roles and food applications of macro- 

minerals 
 
Minerals Food sources Physiological roles Food 

applications 
Calcium • All the dairy 

product, green 
leafy 
vegetables and 
fish bones 
contain 
calcium. 

• Calcium has important  
structural or mechanical role 

• Component of blood, lymph 
and soft tissues 

• Blood clotting process 
• Muscle contraction and nerve 

impulse transmission, mediator 
of hormone action, enzymes and 
proteins regulation 

Deficiency leads to osteoporosis 
in later life. 

Forms gel with 
some 
macromolecules 
as texture modifier 
and firms canned 
vegetables. 
 

Phosphorous • Foods such as 
nuts, oil seeds, 
pulses and 
cereals 

• Involved with the formation of 
bones and teeth 

• Constituent of various 
physiologically important 
molecules and nucleic acids, 
DNA and RNA, a variety of 
coenzymes – NAD+, NADP+, 
FMN, FAD. 

influences the acid-base balance 
of blood 

As phosphates as 
acidulant in soft 
drinks for 
moisture retention 
in meats and aids 
in emulsification. 

Magnesium   
 

• Whole grains, 
nuts, legumes 
and green leafy 
vegetables   

• Forms part of the bone tissue 
and along with calcium and 
some other cations affects 
fluidity and permeability of the 
membrane, 

 

Colour modifier in 
foods removal of 
magnesium from 
chlorophyll 
changes colour 
from green to 
olive-green. 

Sodium and 
potassium 

• All foods, 
fruits and 
vegetables are 
rich sources. 

• Maintenance of osmotic 
pressure, cell volume and 
membrane potential. 

Potassium as 
potassium acid 
tartarate as 
leavening agent 
Potassium 
chloride as salt 
substituent 
Sodium chloride 
may be used as a 
preservative and 
lowers the water 
activity in food 
Some of the 
sodium salts used 
as leavening 
agents. 

Sulphur • Sulphur is 
widely 
distributed in 
nature 

• Sulphur is antimicrobial in 
nature and is widely used in 
wine making. 

Sulphur dioxide 
and sulphites as  
browning 
inhibitors 
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9.5.2 Trace Elements: Physiological Importance and Food 
Applications 

Microminerals occur in living tissues in minute amounts.  In fact early workers 
who were unable to measure their precise concentrations with the methods then 
available, frequently referred to them as occurring in ‘traces’.  For this reason 
they came to be known as ‘trace elements’.  Other popular names used include 
‘minor elements’ or ‘oligo-elements’ (from the Greek ‘oligos’ meaning 
scantly).  The micro-minerals are required in amounts less than 100 mg/day. 
 
The trace elements may be subdivided into 3 groups: 
 
Essential trace elements – These have been shown to be dietary essentials as 
these are vital to the enzymatic processes of the living cell. Iron, copper, 
iodine, zinc, manganese, cobalt, molybdenum, selenium and chromium belong 
to this category. 
 
Possibly essential trace elements – These exhibit some metabolic activity, 
revealed by both in vivo and in vitro studies and likely to be essential. Nickel, 
tin, vanadium, cadmium, silicon, barium and strontium belong to this category 
 
Non-essential trace elements – The essentiality of these elements have not 
been established. Aluminium, boron, lead, mercury, fluorine and arsenic are 
the examples of this category. 
  
The food sources, physiological role and food applications of some 
microminerals are given in Table 9.4. 

Check Your Progress Exercise 2  
Note: a) Use the space below for your answer. 
 b) Compare your answers with those given at the end of the unit.  
 
Mark (√) for the correct and (×) for the wrong statements in the following. 
 
i) The minerals are not very important as they are required in very small amounts 

by the body. 
ii) Iron is important for oxygen transport by haemoglobin. 
iii) Function of iodine is associated with the thyroid hormone; however it does not 

form a part of this hormone. 
iv) Cobalt and manganese are classified as ultra trace elements. 
 

Table 9.4: Food sources, physiological and food applications of some trace 
elements 

 
Minerals  Food Sources  Physiological role  Food application 

Iron • Green leafy 
vegetables, cereals, 
legumes, meat etc. are 
good sources 

• Also food cooked in 
iron utensils also 
provides iron. 

• Oxygen transport by 
haemoglobin 

• To ensure availability, of 
oxygen in muscle cells oxygen 
is stored combined with iron-
containing muscle protein, 
myoglobin 

• Constituent of enzymes 
peroxidase and catalase which 
catalyze oxidation-reduction 
reactions 

Catalyze lipid 
peroxidation in foods 
 

Colour modifier in 
foods  
 

Cofactor to many 
enzymes like 
cytochromes, 
hypoxygenase etc. 
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Iodine • Available in iodized 

salt, sea food, plants 
and animals grown in 
areas where soil 
iodine is not depleted. 

• An integral part of thyroid 
hormone 

• Insufficient quantities of iodine 
in the diet results in the disease 
goitre. 

• Thyroid deficiency during the 
prenatal period results in 
serious detriment in both 
mental and physical 
development in the growing 
child. 

Potassium iodate 
improves baking 
quality of wheat flour 
Therefore, it is used as 
a dough improver. 

Selenium • Sea foods, organ 
meats, cereals 

• Present in amino acids as 
constituents of proteins,  

• Selenocysteine occurs at the 
active site of several enzymes 
and functions as enzymes 
cofactor 

 

 

Copper • Organ meats, sea 
foods, nuts and 
seeds. 

• A part of a number of proteins 
including many important 
enzymes.  Some of these are: 
copper-binding proteins, 
metallothionein, albumin, blood 
clotting factor V, amine 
oxidases, ferroxidases, 
cytochrome C oxidase, 
superoxide dismutase, 
tyrosinase, C18, Δ9 desaturase. 

As a catalyst; 
Colour modifier; 
Enzyme cofactor; 
Texture stabilizer 

Cobalt 
and 
Manganes
e 
 

• Green leafy 
vegetables, 
especially spinach 
are the richest 
source  

• Dairy products and 
cereals are the 
poorest. 

 

• Cobalt is a constituent of 
vitamin B12, functions as a 
coenzyme 

• Manganese as Mn2+ activates 
a number of plant and animal 
enzymes including 
oxidoreductases, lyases, 
ligases, hydrolases, kinases, 
transferases and various 
decarboxylases. 

Manganese as 
enzyme cofactor e.g. 
pyruvate carboxylase, 
superoxide 
dismutase. 

9.6 EFFECT OF FOOD PROCESSING ON 
VITAMINS AND MINERALS 

The freshness, appearance, and nutritive value of foods changes when they are 
stored for long time. People in food industry work for procedures which make 
the foods retain their nutritive value even after a long time. The conversion of 
raw food materials into the acceptable food product by a variety of means in 
referred to as food processing. The techniques followed include, dehydration, 
freezing, heating at high temperatures, exposure to radiation (i.e. irradiation), 
fermentation, chemical preservation etc. We all believe in consuming fresh 
foods and avoid the processed and the preserved one. Do you think it’s a 
correct belief?  
 
Processing of food has advantages and disadvantages both. We know that it 
results into desirable changes like enhancement of flavours, improvement of 
texture, and increase in shelf life etc. However, it may lead to some 
undesirable changes too. These include changes in colour, flavour, nutritional 
properties and development of toxicity. This affects, to some extent, all the 
components of food. Let us read what is the effect of food processing on 
vitamins? 
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9.6.1 Effect of Food Processing on Vitamins  
Dehydration i.e. removal of water under controlled conditions is one of the 
ways of lowering water activity and preserving foods. However, dehydration 
results in decrease of vitamin levels. In fruits, β-carotene and B-group vitamins 
do not get altered significantly but vitamins C is lost to a good extent. 
However, pickling of vegetables leads to acidic pH which stabilizes vitamin C. 
Freezing fruits and vegetables also do not result in a substantial loss of vitamin 
A and β-carotene. The     B-group vitamins also remain unaffected.  
 
Heating at high temperatures, another important food process, results into a 
number of changes. For example, the heating process employed in industry for 
the sterilization of milk-based formulations greatly reduces their vitamin B6 
content, thiamin may be lost to the extent of 30-50%.  Baking of cereals and 
cereal products also cause loss of B-group vitamins to different extent. For 
example, the baking of white bread may result in thiamin loss of about 20%. 
The vitamin B12 on the other hand is not destroyed to a great extent by 
cooking, unless boiled in alkaline solution. The vitamin like vitamin A, 
vitamin B, thiamin, riboflavin, pantothenic acid and nicotinic acid do not get 
affected by frying of egg.  
 
The heat treatment and leaching are the factors affecting vitamin C destruction 
during processing. Further, the rate of destruction of vitamin C is increased by 
the action of metals especially Cu and Fe and also by the action of enzymes. 
Considerable vitamin C is lost by cooking, preservation, drying and storage of 
the foods commodities.  
 
On irradiation the nutrients in meats and poultry are also affected. It has been 
found that thermal processing and radiation sterilization of pork have 
comparable losses of thiamine. Blanching of vegetables and cooking of meat 
do not cause folic acid losses.  
 
Vitamin A is relatively stable to heat in the absence of oxygen. Vitamin A and 
carotenoids have good stability during various food processing operations. 
Losses may occur at high temperatures in the presence of oxygen. 
 
Vitamin D is extremely stable and little or no loss is experienced in processing 
and storage. Vitamin D in milk is not affected by pasteurization, boiling or 
sterilization. Frozen storage of milk or butter also had little or no effect on 
vitamin D levels. 
 
Substantial tocopherol losses may occur on processing and storage of foods. 
Baking of white bread results in a loss of ~50% of the tocopherols in the 
crumb. 

9.6.2 Effect of Food Processing on Minerals 
Minerals are comparatively stable under food processing conditions such as 
heat, light, use of oxidizing agents and extremes in pH. Therefore processing 
does not usually reduce the mineral contents. However, these minerals can be 
removed from foods by leaching or by physical separation. Cooking in water 
would result in some losses of minerals since many minerals have significant 
solubility in water. In general, boiling the vegetables in water causes greater 
loss of minerals from them as against steaming them. Canned foods such as 
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Food Chemistry fruit juices may take up metals from the container-tin and iron from the tin 
plate and tin and lead from the soldering.  
 
During cooking sodium may be lost but the other minerals are well retained. 
Many selenium compounds are volatile and can be lost by cooking or 
processing. Further, it has been found that milling of cereals cause 
considerable loss of minerals. Since minerals are mainly concentrated in the 
bran layers and in the germ, during milling after removal of bran and germ, 
only pure endosperm remains, which is poor in minerals. For example, when 
wheat is milled to obtain refined flour, the losses in mineral content are to the 
extent of 76% in case of iron, 78% in zinc, 86% in manganese, 68% for 
copper, and 16% for selenium. Similar losses occur during milling of rice and 
other cereals.  
 
As mentioned above, the minerals are quite stable to heat and pH during 
processing. However change in temperature, pH and concentration or 
dehydration may lead to the change in the status in food system. For example 
in milk 1/3rd 1/4th of the  calcium and phosphorous is associated with casein 
while 66 to 80% are present as dissolved calcium and phosphorous. On heating 
these minerals change from the dissolved to the colloidal state. On the other 
hand, cooling of milk shift the colloidal calcium and phosphorous to the 
dissolved state. Decrease in pH from the normal  value towards isoelectric side 
(pH 4.6) will caused the solubilization of these minerals while an increase in 
pH will causes a shift of colloidal calcium, magnesium and phosphorus to the 
dissolved state.  
 
The minerals in meat products are in the non-fatty portions, when liquid is lost 
from meat, the maximum loss is of sodium and calcium, phosphorus and 
potassium are lost to a lesser extent. During cooking also, sodium is lost but 
other minerals are well retained. In fact, cooking dissolves some calcium from 
bone and enriches the meat with this mineral. 

Check Your Progress Exercise 4  
Note: a) Use the space below for your answer. 
 b) Compare your answers with those given at the end of the unit.  
 
Fill in the blanks spaces with appropriate words 
i) Food processing is done in order to decrease ……………and increase the 

…………..   of foods. 
ii) A lot of vitamin ……………. is lost during cooking and preservation of foods. 
iii) Drying of fruits does not cause a large loss of ……………and 

……………vitamins. 
iv) ………………. in water causes more loss of minerals from vegetable as against 

……………… . 

9.7    TOXIC METALS:  SOURCES AND 
SYMPTOMS 

You have read that the minerals though required in small amounts, have very 
important physiological roles to play. You would be able to appreciate the fact 
that as they are required in small amounts, taking them in high doses may 
prove harmful to the extent of being toxic. The mineral elements causing 
toxicity are generally the heavy metals like, arsenic, cadmium, lead, mercury, 
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chromium and beryllium. These heavy metals can be present in foods, drinking 
water and the exhaust of automobiles and industries. The sources and the 
symptoms of the exposure to toxic metals are compiled in Table 9.5. 
 

Table 9.5:   Toxic Metals: Sources and Symptoms 
 
Toxic metal Sources Symptoms 
Aluminum 
 

Cookware, cans, tap water, 
baking powders, antacids, 
processed cheese, some 
medications and physical 
exposure etc. 
  

Alzheimer’s disease, anaemia and other blood 
disorders, colic, fatigue, dental caries, kidney and 
liver dysfunctions, neuromuscular disorders, 
Parkinson’s disease, etc. 

Arsenic Pesticides, beer, tap water, 
paints, pigments, cosmetics, 
fungicides, insecticides, 
contaminated food, etc. 
 

Abdominal pain, anorexia, dermatitis, diarrhoea, 
oedema, goitre, headache, herpes, impaired 
healing, jaundice,  kidney and liver damage, 
muscle spasms,  vasodilation, vertigo, weakness, 
etc. 

Beryllium Polluted air (burning fossil 
fuels), plastics, electronics, steel 
alloys, etc.  

Arthritis, depression, fatigue, osteoporosis and 
symptoms of slow metabolism, etc. 

Cadmium Cigarettes, processed and 
refined foods, fish, tap water, 
auto exhaust, galvanized pipes, 
air pollution from incineration 
and physical exposure, etc. 

Hypertension, arthritis, diabetes, anaemia, 
arteriosclerosis, cancer, cardiovascular disease,  
reduced fertility, hypoglycemia, headaches, 
osteoporosis, kidney disease, etc.  

Copper Copper water pipes, tap water, 
pesticides, swimming pools, 
intra-uterine devices, dental 
amalgams, occupational 
exposure, etc.  
  

Allergies, hair loss, anaemia, anxiety, arthritis, 
autism, cancer, depression, elevated cholesterol, 
cystic fibrosis,  diabetes, dyslexia, inflammation,  
kidney and liver dysfunctions, tooth decay, etc. 

Lead Tap water, cigarette smoke, hair 
dyes, paints, pesticide and in 
batteries, industries, etc. 
 

Abdominal pain, anaemia, arthritis, 
arteriosclerosis, blindness, cancer, depression,  
diabetes, epilepsy, fatigue, gout, infertility, 
inflammation, kidney dysfunction, etc. 

Mercury Dental amalgams, fish, 
medications, air pollution, 
adhesives, fabric softeners, 
waxes, etc. 
 

Depression, dermatitis, fatigue, headaches, hearing 
loss, hyperactivity, memory loss, mood swings,  
nervousness, pain in limbs, thyroid,  muscle 
weakness, etc. 

Nickel Hydrogenated oils (margarine, 
commercial peanut butter and 
shortening), shellfish, air 
pollution, etc.  

Cancer (oral and intestinal), depression, heart 
attack, hemorrhages, kidney dysfunction, low 
blood pressure, paralysis, nausea,  skin problems 
and vomiting 

9.7.1 Metal Uptake from Canned Foods 

You might be buying a number of canned foods like, rasagullahs, pine apple 
in sugar syrup, fruit juices, etc. you know that these are the preserved foods 
available in the market. You have studied that one way of preservation is to 
heat the food material so that the enzymes get deactivated and the bacteria can 
not thrive on that food easily. In canning process also the same method is used 
and the food is stored in metallic containers, containers made up of glass, 
ceramic and plastics. 

The metals from equipment or from packing materials, especially tin cans can 
cause contamination of food products. Tin gets into most of the canned food in 
the absence of oxygen. Examples of such foods are spinach, green beans, 
tomatoes, vegetable soups and some fruits juices like grape fruits juice. Foods 
rich in sulphur containing amino acids like pork, fish and peas undergo 
sulphide staining in tin cans. These stains are due to the formation of tin 
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Food Chemistry sulphide on heating. The nickel found in milk comes almost exclusively from 
stainless steel in the processing equipments. Similarly, on storing acidic foods, 
e.g. fruits juices in galvanized containers, enough zinc may get dissolved to 
cause poisoning. 

9.8 FORTIFICATION: NEED AND TYPES  
You have read in the previous subsection that a number of vitamins and 
minerals are lost in the processing of food and its preservation. A good amount 
of these is lost in the cooking of food itself. The loss of nutrients in food is 
implicated to be responsible for malnutrition and number of diseases. For 
example the deficiencies of iron and iodine leading to anemia and goiter have 
been known quite well. Similarly number of cases due to the deficiencies of 
vitamin A and B are known. A lot of awareness is being generated in this 
regard. Is it possible to make up for the losses? 

The practice of 
supplementing 
nutrients to the foods 
had been prevalent 
almost since 400BC. 

 
The answer is in affirmative. A number of interventions are in practice that 
makes up for the loss of nutrients in the food. These are in terms of 
supplementing the food for the lost components.  Nutrient supplements are 
added in order to: 
 
• Maintain the nutritional availability of foods 
• Provide the adequate level of nutrients in the food 
• Impart additional nutritional value to the food 
 
Nutrient supplementation obviously means adding nutrients to the food. It is 
generally achieved in two ways. 
 
1. Enrichment: refers to adding nutrients in the food so as to maintain the 

amount that was present in food before its processing i.e., equal to the 
loss incurred during processing or preservation. 

2. Fortification: According to FAO/WHO, Food fortification has been 
defined as the addition of one or more essential nutrients to a food, 
whether or not it is normally contained in the food, for the purpose of 
preventing or correcting a demonstrated deficiency of one or more 
nutrients in the population or specific population groups. 

 
Vitamins and minerals are most commonly used for fortification. You are quite 
familiar with the governments campaign for using iodised salt i.e., common 
salt fortified with essential iodine. Some of the foods and the fortifying agent 
used are given in Table 9.6 
 

Table 9.6:  Some foods and the fortifying agents 
 

S.No. Name Fortifying agent 

1 Salt Iodine, iron 
2 Flours, bread, rice Vitamin B1, B2, niacin, iron 

Vitamins A and D iron and 
calcium 

3 Milk, margarine 

4 Sugar, monosodium glutamate, tea Vitamin A 
5 Infant formulas, cookies Iron, Vitamin D, E  
6 Vegetable mixtures, proteins Vitamins, minerals 

In 1997, Parliament 
passed law making 
sale of iodized salt 
mandatory. 
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7 Soy milk, orange juice Calcium 
8 Ready-to-eat cereals Vitamins, minerals 
9 Edible oils and sugar Vitamin A 

 
Food fortification is especially useful for the people who generally belong to 
low income groups and face malnutrition. Food fortification has been very 
successful in eradicating diseases like goitre, rickets, beriberi and pellagra. 
Many important aspects must be borne in mind while carrying fortification at a 
large scale. Some of these are as follows: 
 
• The food selected for fortification should be the staple food of the target groups 

so as to make it affordable. 
• The fortified nutrient should have favorable physico-chemical and bio-

availability characteristics. The former takes care of the colour, taste, odour and 
appearance of the food while the later is important from the stability point of 
view. For example iron and fatty acids may react in the fortified food and 
produce free radicals which are not good for the quality of food. 

• It should be economically viable i.e., it should not be an expensive process. 
• A number of factors like the solubility and stability of the fortifying agent affect 

fortification. The stability depends upon pH, light and temperature besides 
presence of oxygen. These must be considered while attempting fortification. 

 
In addition, a proper monitoring is essential while carrying out food fortification for 
fruitful results. 

9.9 LET US SUM UP 
Vitamins and minerals are very important from nutrition point of view and are 
important to food scientists also. These are not required in large amounts in the 
body and are not energy giving in nature. 
 
Vitamins are the organic compounds classified on the basis of their solubility 
in fats and water. Accordingly these are called fat soluble vitamins and water 
soluble vitamins. The fat soluble vitamins include vitamin A, vitamin D, 
vitamin E, and vitamin K. The water soluble vitamins include a group of 
vitamin B comprising of vitamin B1 , B2, B5, B6, B12 , niacin, biotin and folic 
acid and vitamin C. All the vitamins have some or the other important 
physiological role to play. They are the coenzyme parts of many enzymes 
except vitamin C. the deficiency of each of these vitamins leads to a disease. 
Fruits, vegetables, milk, meat, egg, fish etc. are good sources of these vitamins. 
 
Minerals are actually inorganic elements which are required in very small 
amount but carry a lot of importance. The minerals are classified into two 
broad types depending upon the amount required by the body. These are major 
elements having a requirement of more than 100 mg/day and the trace 
elements. The first type has elements like calcium, magnesium, sodium, 
potassium, phosphorus and sulphur. The later type includes iron, iodine, zinc, 
cobalt, selenium, copper, and manganese. Some of the minerals are part of 
structure and mechanical support while others have important roles in various 
metabolic processes. Green leafy vegetables, milk, fruits, whole grains, meat, 
egg, fish, nuts etc. are good sources of minerals. 
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Food Chemistry Some of the metals are hazardous for human health if taken in large amounts. 
They come from various sources like the contaminated water and food, 
cookware, medications, etc. These lead to various types of diseases and should 
be avoided.  
 

Vitamins and minerals both act affected by various food processes  like, 
freezing, drying, heating etc. carried out during preservation and storage of 
foods. As a result the foods lose a number of these nutrients. In order to 
compensate for the loss, the foods need to be properly supplemented and 
fortified. 

9.10 KEY WORDS 
 

Beri-beri : Beriberi is a vitamin deficiency disease in which the 
body does not have enough thiamine (vitamin B1). 
Symptoms of dry beriberi include: Pain, Tingling, Loss 
of feeling (sensation) in hands and feet, Muscle damage 
with loss of muscle function or paralysis of the lower 
legs, vomiting and even coma and death. 

Dementia : Severe impairment or loss of intellectual capacity and 
personality integration, due to the loss of or damage to 
neurons in the brain. 

Diarrhoea : Diarrhoea is an intestinal disorder characterized by 
abnormal fluidity and frequency of fecal evacuations, 
generally the result of increased motility in the colon; 
may be an important symptom of such underlying 
disorders as dysenteric diseases, lactose intolerance, GI 
tumors, and inflammatory bowel disease. Diarrhoea is 
the passage of watery stools, usually at least three times 
in a 24 hour period. 

Enrichment : The process of replenishing nutrients lost during food 
processing. 

Fortification : The process whereby nutrients (vitamins and minerals) 
are added to food. This normally happens during or 
directly after manufacturing. 
Food products may be enriched for the following 
reasons: to replace nutrients removed during processing 
(e.g. when flour is milled, thereby removing bran and 
germ) and to supplement a diet lacking essential 
nutrients.  

Goitre : Disease due to enlargement of thyroid gland seen as a 
swelling in the neck, commonly due to deficiency of 
iodine in the diet or to the presence of goitrogens in 
foods. In such cases there is commonly underproduction 
of the thyroid hormones, i.e. hypothyroid goitre. 

Oedema : Swelling from effusion of watery fluid in the cellular 
tissue beneath the skin or mucous membrane; dropsy of 
the subcutaneous cellular tissue. 

Rickets : A disorder primarily caused by lack of vitamin D, 
calcium, or phosphate, which leads to softening and 
weakening of the bones. 

http://www.nlm.nih.gov/medlineplus/ency/article/002401.htm
http://www.encyclopedia.com/doc/1O39-iodine.html
http://www.encyclopedia.com/doc/1O39-goitrogens.html
http://www.encyclopedia.com/doc/1O39-thyroidhormones.html
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1) Differentiate between fat soluble and water soluble vitamins. Give two 
examples for each type. 

2) Which vitamin is responsible for normal reproduction? Give its chemical 
nature and two sources. 

3) Give the role of the following vitamins in food industry. 

          Vitamin A, Vitamin K, Vitamin B6 and Vitamin E. 

4) Differentiate between macrominerals and microminerals. Give two 
examples  for each of these.  

5) Why are the trace elements named so? What are their major subgroups? 

6) Write in brief the effect of food processing on vitamins and minerals. 

9.11 ANSWERS TO CHECK YOUR PROGRESS 
EXERCISES 

 
Check Your Progress Exercise 1 
1) a) ii) 

 b) i) 

 c) iv) 

 d) iii) 
2) ii) 

Check Your Progress Exercise 2 

1) i) pulses, oil seeds, eggs 

 ii)    ultra-violet 

 iii)   B5 

 iv)    pernicious anemia. 

2) iii) 

Check Your Progress Exercise 3 

1) a)  (×)     b)  (√)       c)  (×)     d)  (√) 

Check Your Progress Exercise 4 

1) i) spoilage, shelf-life 
 ii) C 
 iii) β-carotene, B-group 
 iv) Boiling, steaming. 

9.12 ANSWERS TO TERMINAL QUESTIONS 
1) Fat soluble vitamins are water insoluble. They require fat absorption in 

the body as the lipoproteins and some other proteins help in their 
transportation. Two examples are vitamin A and D. Water soluble 
vitamins dissolve in water easily and for this reason they get eliminated 



 

 
112 

Food Chemistry in urine. They need to be supplemented regularly. Two examples are 
vitamin B1, i.e. thiamine and vitamin C. 

 
2) Vitamin E is essential for normal reproduction this vitamin belongs to a 

group of organic compounds called tocopherols which have good 
antioxidant properties. Wheat germ oil and corn germ oil are the richest 
sources of this vitamin. 

 
3) Refer to Sec 9.3 and 9.4. 
 
4) Macrominerals are the inorganic elements required in more than 

100mg/day quantity while the microminerals are required in much 
smaller amounts i.e. less than 100mg/day. Calcium and phosphorous are 
two examples of former while iron and iodine are two examples of the 
later type. 

 
5) The trace elements are required in traces by the body that is why they are 

named so. They are divided into three subgroups. 
 
6) Refer to Sec 9.7. 
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