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__________________________________________________________________________________________ 

ABSTRACT 

Micro-nutrients are nutrients required by organisms, throughout life, in small quantities to orchestrate a range 
of physiological functions. They include both micro-minerals and vitamins. They are needed in very small 
amounts but are essential for normal physiological functions, growth, and development. Interaction between 
some micro-nutrients is considered to be synergistic, while other micro-nutrients interact negatively with each 
other. Micro-nutrient deficiency is a lack of one or more of the micro-nutrients required for plant or animal 
health. In humans and other animals they include both mineral and vitamin deficiencies. Micro-nutrients 
deficiencies are a major public health concern in many developing countries, with infants, children, and women 
especially at risk. Micro-nutrients deficiencies result in diseased conditions such as anaemia, diarrhoea, 
dwarfism, goitre, night blindness, osteomalacia, rickets, scurvy, beri-beri, pelegra, anencephaly, and other 
pregnancy complications, etc. Micro-nutrient interactions (antagonistic) and deficiencies can have major 
adverse health consequences, contributing to impairment in growth, immune competence, mental and physical 
development, and poor reproductive outcomes. Provision of micronutrient-rich foods, supplementation, 
fortification, bio-fortification, and combination of complementary strategies are needed to address micro-
nutrients deficiency conditions. 
KEYWORDS: Micro-nutrients, deficiencies, micro-minerals, vitamins. 

_______________________________________________________________________________________ 

INTRODUCTION 

Micro-nutrients are nutrients required by 

organisms throughout life in small quantities 

to orchestrate a range of physiological 

functions (UNICEF, 2006). For humans, they 

include dietary micro-minerals in amounts 

generally less than 100 milligrams/day - as 

opposed to macro-minerals which are required 

in larger quantities. UNICEF (1998) defined 

micro-nutrients as nutrients that are only 

needed by the body in minute amounts, which 

play leading roles in the production of 

enzymes, hormones and other substances, 

helping to regulate growth activity, 

development and the functioning of the 

immune and reproductive systems. Minerals 

are inorganic substances, present in all body 

tissues and fluids and their presence is 

necessary for the maintenance of certain 

physicochemical processes which are essential 

to life. Minerals are chemical constituents used 

by the body in many ways. Although they  

 

 

yield no energy, they have important roles to 

play in many activities in the body (Malhotra, 

1998; Eruvbetine, 2003). Every form of living 

matter requires these inorganic elements or 

minerals for their normal life processes (Hays 

and Swenson, 1985; Ozcan, 2003). Minerals 

may be broadly classified as macro (major) or 

micro (trace) elements (Soetan et al., 2010). The 

micro-minerals or trace elements include at 

least iron, cobalt, copper, iodine, manganese, 

selenium, zinc and molybdenum. Micro-

nutrients also include vitamins, which are 

organic compounds required as nutrients in 

tiny amounts by an organism (Lieberman and 

Bruning, 1990). However, micro-nutrients of 

known public health importance include the 

following: iron, zinc, iodine, selenium, copper, 

vitamins A, E, C, D, B2 B6 and folate 

(Ekweagwu et al., 2008). Whereas some micro-

nutrients have mutually beneficial or 

synergistic effects, i.e. providing more of one 
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micro-nutrient will improve the 

status/metabolism of another, other 

micronutrients interact negatively with each 

other (Lonnerdal, 2003). Moreover, drug–diet 

interactions can cause increased needs for 

certain micro-nutrients (Brown and Dickerson, 

1999). Micro-nutrient deficiency is a lack of 

one or more of the micro-nutrients required 

for plant or animal health. In humans and 

other animals they include both mineral and 

vitamin deficiencies (Young, 2012).  

 Micro-nutrient deficiencies are a major 

public health problem in many developing 

countries, with children (Hurell and Hess, 

2003), infants and pregnant women especially 

at risk (Batra and Seth, 2002). Infants deserve 

extra concern because they need adequate 

micro-nutrients to maintain normal growth 

and development (Rush, 2000). The World 

Health Organization (WHO) considers that 

more than 2 billion people worldwide suffer 

from mineral and vitamin deficiencies, 

primarily iodine, iron, vitamin A and zinc, 

with important health consequences (WHO, 

2000). The micro-nutrient deficiencies which 

are of greatest public health significance are 

iron deficiency, causing varying degrees of 

impairment in cognitive performance, lowered 

work capacity, lowered immunity to 

infections, pregnancy complications e.g. babies 

with low birth weight, poor learning capacity 

and reduced psychomotor skills (Batra and 

Seth, 2002). Medical reports show that very 

severe anaemia is a direct cause of maternal 

and child mortality (Chakravarty and Ghosh, 

2000). Micro-utrient deficiencies result from 

inadequate intake of meats, fruits and 

vegetables, and infections can also be a source 

(Zerfu and Ayele, 2013). However, there have 

been suggestions that lack of adequate 

information about the composition of varied 

food and feed resources in some regions have 

been the major drawback to their utilisation, 

rather than real shortage (Aletor and 

Omodara, 1994). For instance, there is very 

limited information on the mineral elements in 

some plants used as human food and animal 

feeds consumed in Nigeria, especially the 

newly introduced varieties of diets and the 

lesser known legumes (Soetan et al., 2010.  

 The aim of this paper is to review 

micro-nutrients; their interactions with each 

other and heir interactions with drugs, and the 

deficiencies of micro-nutrients to humans. 

 

BIOLOGICAL ROLE OF MICRO-

MINERALS 

Iron (Fe): 

Iron is one of the micro-minerals that play a 

vital role in the body (Ekweagwu et al., 2008). 

Iron functions as haemoglobin in the transport 

of oxygen. In cellular respiration, it functions 

as essential component of enzymes involved in 

biological oxidation such as cytochromes c, c1, 

a1, etc (Malhotra, 1998). Fe is an important 

constituent of succinate dehydrogenase as well 

as a part of the haeme of haemoglobin, 

myoglobin and the cytochromes (Chandra, 

1990). Iron is required for proper myelination 

of spinal cord and white matter of cerebellar 

folds in brain and is a cofactor for a number of 

enzymes involved in neurotransmitter 

synthesis (Larkin and Rao, 1990). Iron is 

involved in synthesis and packaging of 

neurotransmitters, their uptake and 

degradation into other iron-containing 

proteins which may directly or indirectly alter 

brain function (Beard, 2001). In foods, iron 

occurs in two forms ferrous and ferric but the 

absorption form of iron is only in the ferrous 

state (Ekweagwu et al., 2008). Iron exists in the 

blood mainly as haemoglobin in the 

erythrocytes and as transferrin in the plasma. 

It is transported as transferrin; stored as 

ferritin or haemosiderin and it is lost in 

sloughed cells and by bleeding (Murray et al., 

2000). Fe is required for making Hb and it is a 

prooxidant which is also needed by 

microorganisms for proliferation (Galan et al., 

2005). Biologically important compounds of 

iron are haemoglobin, myoglobin, 

cytochromes, catalases and peroxidise 

(Malhotra, 1998).  

 Sources of Iron include red meat, 

spleen, heart, liver, kidney, fish, egg yolk, 

nuts, legumes, molasses, iron cooking ware, 
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dark green leafy vegetables (Soetan et al., 

2010). 

Zinc (Zn): 

According to Cousins (1996), zinc is widely 

recognised as an essential micronutrient with a 

catalytic role in over 100 specific metabolic 

enzymes in human metabolism. It is one of the 

most ubiquitous of all trace elements involved 

in human metabolism and plays multiple roles 

in the perpetuation of genetic materials 

including transcription of DNA, translation of 

RNA, and ultimately in cellular division 

(Ekweagwu et al., 2008). Zinc is distributed 

widely in plant and animal tissues and occurs 

in all living cells. It functions as a cofactor and 

is a constituent of many enzymes like lactate 

dehydrogenase, alcohol dehydrogenase, 

glutamic dehydrogenase, alkaline 

phosphatase, carbonic anhydrase, 

carboxypeptidase, superoxide dismutase, 

retinene reductase, DNA and RNA 

polymerase (Soetan et al., 2008).  Zn dependent 

enzymes are involved in macronutrient 

metabolism and cell replication (Hays and 

Swenson, 1985; Arinola, 2008a). Carbonic 

anhydrase is present in erythrocytes, kidney 

tubules, gastrointestinal mucosa and glandular 

epithelium. The primary roles of zinc appear 

to be in cell replication and gene expression 

and in nucleic acid and amino acid 

metabolism. Vitamins A and E metabolism 

and bioavailability are dependent on zinc 

status (Szabo et al., 1999). It is also required for 

normal testicular development (Merck, 1986) 

and for functions of the taste buds. It is needed 

for tissue repair and wound healing, plays a 

vital role in protein synthesis and digestion, 

and is necessary for optimum insulin action as 

zinc is an integral constituent of insulin. It is 

an important constituent of plasma (Malhotra, 

1998; Murray et al., 2000). Excess calcium in 

diet however hastens the onset of 

parakeratosis. Formation of zinc fingers in 

nuclear receptors for steroid-thyroid, calcitriol 

receptors, gene expression, essential in protein 

synthesis, involves in the storage and release 

of insulin, growth and repair of tissues, 

development of sex organs, needed in the 

enzymes required for the synthesis of DNA 

and RNA, mobilisation of vitamin A from the 

liver and stabilisation of cell membranes. It is 

present in meat and other protein foodstuffs, 

but intestinal absorption is affected by other 

dietary constituents. Absorbed zinc enters the 

liver where it is incorporated into zinc 

metalloenzymes and exported to peripheral 

tissue in plasma, bound to albumin. A large 

percentage, about 90%, of the total plasma zinc 

concentration is associated with albumin, 

<10% with alpha-2 macroglobulin, and a small 

amount, <1%, complexed to amino acids and 

other low molecular weight species.  

 Sources of zinc include red meat, fish 

meals, liver, eggs, dairy products, vegetables 

and some sea foods (Soetan et al., 2010). 

Iodine (I): 

Iodine is a trace element that is essential for 

the synthesis of thyroid hormones in 

vertebrates, although iodoproteins are present 

in invertebrates (Frieden, 1984). According to 

Australian Nutrition Foundation (2003), iodine 

is defined as a chemical element that is 

required for growth and survival. It is 

essential to the normal development of the 

foetal nervous system. It regulates the effect of 

oestrogen on breast tissue. It is a component of 

a healthy connective tissue.  

Natural sources of dietary iodine include 

seafood, such as fish, seaweeds and shellfish, 

dairy products and eggs so long as the animals 

received enough iodine, and plants grown on 

iodine – rich soil (Iodine Global Network, 

2015).  

Selenium (Se): 

Selenium is a constituent of glutathione 

peroxidase (Murray et al., 2000). It is a 

constituent element of the entire defence 

system that protects the living organism from 

the harmful action of free radicals. Organic 

selenium is more thoroughly resorbed and 

more efficiently metabolized than its inorganic 

equivalent, which is poorly resorbed and acts 

more as a prooxidant provoking glutathione 

oxidation and oxidative damage to the DNA 

(Levander, 1983; Wycherly et al., 2004). 

Selenium is a synergistic antioxidant with 

vitamin E. Its activity appears to be closely 

related to the antioxidative properties of _-
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tocopherol (vitamin E) and coenzyme Q 

(ubiquinone). It enhances the overall activity 

of the _- ketoglutarate oxidase system, 

probably by affecting the decarboxylation 

reaction. Organic and inorganic selenium 

compounds function in preventing certain 

disease conditions that have in the past been 

associated with vitamin E deficiency. Selenium 

protects the organism from oxidative damage 

to cell membranes by destroying H2O2, 

whereas vitamin E protects against damage by 

preventing the formation of the lipid 

hydroperoxides (Hays and Swenson, 1985). 

The activity of SOD in the cells and in the 

extracellular fluid is very important in the 

prevention of diseases closely associated with 

oxidative stress, for example, cardiovascular 

diseases, Alzheimer‟s disease, Parkinson‟s 

disease and many other diseases (Pollack and 

Leeuwenburgh, 1999).  

 Sources of selenium include fishmeal, 

seafoods, dried brewer‟s yeast, kidney, liver, 

eggs and grains (Ekweagwu et al., 2008) 

Copper (Cu): 

Copper is a constituent of enzymes like 

cytochrome c oxidase, amine oxidase, catalase, 

peroxidase, ascorbic acid oxidase, cytochrome 

oxidase, plasma monoamine oxidase, 

erythrocuprin (ceruloplasmin), lactase, uricase, 

tyrosinase, cytosolic superoxide dismutase etc. 

and it plays a role in iron absorption 

(Chandra, 1990). Cu is an essential micro-

nutrient necessary for the haematologic and 

neurologic systems (Tan et al., 2006). It is 

necessary for the growth and formation of 

bone, formation of myelin sheaths in the 

nervous systems, helps in the incorporation of 

iron in haemoglobin, assists in the absorption 

of iron from the gastrointestinal tract (GIT) 

and in the transfer of iron from tissues to the 

plasma (Malhotra, 1998; Murray et al., 2000). It 

is transported by albumin; bound to 

ceruloplasmin. Ceruloplasmin has oxidase 

activity and thereby facilitates the 

incorporation of ferric iron into transferrin. 

The copper-containing protein in red blood 

cells (rbc) is erythrocuperin, it is 

hepatocuperin in the liver, and it is 

cerebrocuperin in the brain. In the 

monogastric animals, copper is absorbed 

mainly in the upper part of the small intestine, 

where the pH of the contents is still acidic. In 

general, Cu is poorly absorbed, and under 

normal conditions >90% of the ingested 

copper appears in the faeces. Most of the faecal 

copper is unabsorbed dietary copper, but 

some of it comes from the bile, which is the 

major pathway of Cu excretion. Biliary 

obstruction increases the excretion of copper 

through the kidney and intestinal wall (Hays 

and Swenson, 1985). Increased levels of copper 

are seen in acute infections and in chronic 

conditions such as cirrhosis, rheumatoid 

arthritis and in post-operative stages. 

Increased level is also found in malnutrition 

(Malhotra, 1998).  

Sources of copper include liver, whole grains, 

molasses, legumes, nuts, shell fish and other 

seafoods (Soetan et al., 2010). 

Molybdenum (Mo): 

Molubdenum is an essential trace element and 

crucial for the survival of animals (Schwarz 

and Belaidi, 2013). Molybdenum is a 

component of several metalloenzyme 

including xanthine oxidase, aldehyde oxidase, 

nitrate reductase, and hydrogenase. Xanthine 

oxidase and aldehyde oxidase play a role in 

iron utilization as well as in cellular 

metabolism in electron transport. Xanthine 

oxidase is actively involved in the uptake and 

release of iron from ferritin in the intestinal 

mucosa and in the release of iron from ferritin 

in the liver, placenta, and erythropoietic 

tissues to the ferrous form (Hays and 

Swenson, 1985; Murray et al., 2000). It is 

readily absorbed from foods. Dietary 

molybdenum affects copper metabolism in 

man (Deosthale and Gopalan, 1974. The 

amount in the body is regulated by excretion 

in the urine and bile. Molybdenum is a 

cofactor for enzymes necessary for the 

metabolism of sulphur-containing amino acid 

and nitrogen-containing compounds present 

in DNA and RNA, the production of uric acid, 

and the oxidation and detoxification of various 

other compounds. Sardesai (1993) reported 

that low molybdenum intake is a predisposing 

cause of renal xanthine calculi.  
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Pork, lamb, and beef liver each have 

approximately 1.5 parts per million of 

molybdenum. Other significant dietary 

sources include green beans, eggs, sunflower 

seeds, wheat flour, cucumbers and cereal grain 

(Emsley, 2001). 

Cobalt (Co): 

Cobalt is required as a constituent of vitamin 

B12 and its metabolism is the same as for 

vitamin B12. In addition to its role in vitamin 

B12, cobalt is also a cofactor of enzymes 

involved in DNA biosynthesis and amino acid 

metabolism (Arinola et al., 2008b). In cattle and 

sheep, bacteria in the rumen can use metallic 

Co to synthesise vitamin B12 and are thus the 

ultimate source of the vitamin in human diets. 

Cobalt is readily absorbed into the 

bloodstream and excreted primarily in the 

urine (Soetan et al., 2010).  

Dietary sources of cobalt are the same as for 

vitamin B12, such as foods of animal origin or 

fermented foods where bacteria produce the 

vitamin. Organ meats are the best source of 

vitamin B12 (liver, kidney, heart, and 

pancreas), followed by clams, oysters, extra-

lean beef, seafood, eggs, milk and yogurt, 

chicken, cheese, and miso (a fermented 

soybean product) (Soetan et al., 2010). 

Manganese (Mn): 

Manganese functions as cofactor for a large 

variety of enzymes with many functions (Roth 

et al., 2013). It is a cofactor of hydrolase, 

decarboxylase, and transferase enzymes 

(Murray et al., 2000). It is involved in 

glycoprotein and proteoglycan synthesis and 

is a component of mitochondrial superoxide 

dismutase. Manganese is a cofactor in 

phosphohydrolases and phosphotransferases 

involved in the synthesis of proteoglycans in 

cartilage. Mn is a part of enzymes involved in 

urea formation, pyruvate metabolism and the 

galactotransferase of connective tissue 

biosynthesis (Chandra, 1990). The fact that Mn 

is concentrated in the mitochondria has led to 

the suggestion that, in vivo, manganese is 

involved in the partial regulation of oxidative 

phosphorylation. The absorption and retention 

of manganese from foods low in iron, such as 

milk, are relatively high. If milk is 

supplemented with iron, the percentage of 

manganese absorbed is reduced (Gruden, 

1977). Deficiency disease or symptoms is 

unknown in humans.  

Sources of manganese include whole grains, 

tea, legumes, nuts and seeds (Soetan et al., 

2010). 

BIOLOGICAL ROLE OF VITAMINS 

Folate: 

Folate or folic acid is a B vitamin which is also 

referred to as vitamin B9 (Ural, 2008). Folate is 

a B vitamin found in a variety of foods and 

added to many vitamin and mineral 

supplements as folic acid, a synthetic form of 

folate (Kurtzweil, 1999). However, folic acid is 

a synthetic oxidised form, not significantly 

found in fresh natural foods. To be used, it 

must be converted to tetrahydrofolate 

(tetrahydrofolic acid) by dihydrofolate 

reductase (DHFR). Increasing evidence 

suggests that this process may be slow in 

humans (Bailey and Ayling, 2009). Vitamin B9 

is essential for human bodily functions. 

Humans cannot synthesise folates de novo; 

therefore, folic acid has to be supplied through 

the diet to meet their daily requirement. The 

human body needs folate to synthesise DNA, 

repair DNA, and methylate as well as to act as 

a cofactor in certain biological reactions 

(Weinstein et al., 2003). Folic acid is necessary 

for proper cell growth and development of the 

embryo. Folic acid in a vitamin supplement, 

when taken one month before conception and 

throughout the first trimester, has been proven 

to reduce the risk for a Neural Tube Defect in 

children. Folic acid is required for the 

formation of DNA, which is necessary for 

rapid cell growth needed to make fetal organs 

early in pregnancy (Ekweagwu et al., 2008). 

Folate is vulnerable to heat and dissolves in 

water, so cooking can reduce the levels of 

folate in foods. Prolonged storage of certain 

foods is also thought to reduce their folate 

levels (Victorian Government Health 

Information, 2005).  Food sources of folate 

include dark green leafy vegetables, such as 

pumpkins, spinach, lettuce and liver, bananas, 

potatoes, legumes. It can be obtained from 

dietary supplements, such as folic acid tablets 
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and multivitamins with folic acid, and from 

fortified breakfast cereals (Ekweagwu et al., 

2008). 

Vitamin A: 

Vitamin A is a family of fat-soluble 

compounds that play an important role in 

vision, bone growth, reproduction cell division 

and cell differentiation (in which a cell 

becomes part of the brain, muscle, lungs etc 

(Gerster, 1997). Vitamin A helps to regulate 

the immune system, which helps prevent or 

fight off infections by producing white blood 

cells that destroy harmful bacteria and viruses 

(Ross, 1999; Depee and West, 1996). If children 

have insufficient vitamin A, their ability to 

resist diseases such as diarrhoea, measles and 

acute respiratory infections is greatly 

hampered. Increasing the vitamin A intake of 

populations with vitamin A deficiency (VAD) 

can decrease childhood deaths from such 

illnesses by 23 percent, or nearly a quarter of 

childhood deaths (Dwivedi, 2003). Vitamin A 

promotes healthy surface linings of the eye 

and the respiratory, urinary and intestinal 

tracts (Semba, 1998). When those linings break 

down, it becomes easier for bacteria to enter 

the body and cause infection. Vitamin A also 

helps maintain the integrity of skin and 

mucous membranes, which also function as a 

barrier to bacteria and viruses (Ross, 1998; 

Harbige, 1996). Retinol is one of the most 

active or usable forms of vitamin A, and is 

found in animal foods such as liver and whole 

milk and in some fortified food products. 

Retinol is also called preformed vitamin A. it 

can be converted to retinal and retenoic acid, 

other active forms of the vitamin A family 

(National Institute of Health, 2005). Pro-

vitamin A carotenoids are darkly coloured 

pigments found in fruits and vegetables that 

can be converted to vitamin A. Some 

carotenoids, in addition to serving as a source 

of vitamin A have been shown to function as 

antioxidants in laboratory tests.  

The 2000 National Health and Nutrition 

Examination Survey (NHANES) indicated that 

major dietary contributions of retinol are milk, 

margarine, eggs, beef liver and fortified ready-

to-eat cereals, whereas major contributors of 

pro vitamin A carotenoids are carrot, sweet 

potatoes and spinach (Harrison, 2005). Animal 

sources of vitamin A are well absorbed and 

used efficiently by the body. Plant sources of 

vitamin A are not, as well, absorbed as animal 

sources (Ekweagwu et al., 2008). 

Vitamin E: 

Vitamin E refers to a group of compounds that 

include both tocopherols and tocotrienols 

(Brigelius-Flohe and Traber, 1999). Vitamin E 

is a fat-soluble vitamin that exists in eight 

different forms. Each form has its own 

biological activity, which is the measure of 

potency or functional use in the body (Traber 

and Packer, 1995). α-Tocopherol is the name of 

the most active form of vitamin E in humans. 

It is also powerful biological antioxidants 

(Traber, 1999; Farrell and Roberts, 1994). As a 

fat – soluble antioxidant, Vitamin E stops the 

production of reactive oxygen species formed 

when fat undergoes oxidation (Herrera and 

Barbas, 2001; Packer et al., 2001). Vitamin E in 

supplements is usually sold as α-tocopheryl 

acetate, a form that protects its ability to 

function as an antioxidant (National Institute 

of Health, 2005). According to Singh (2004) 

vitamin E has a sparing effect on vitamin A 

and ascorbic acid by protecting them from 

oxidation. Food sources of vitamin E are 

vegetable oils, nuts, green leafy vegetables and 

fortified cereals (Ekweagwu et al., 2008).  

Vitamin D: 

Vitamin D refers to fat – soluble secosteroids 

responsible for enhancing intestinal absorption 

of calcium, iron, magnesium, phosphate, and 

zinc. In humans, the most important 

compounds in this group are vitamin D3 

(cholecalciferol) and Vitamin D2 

(ergocalciferol) (Holick, 2006). The vitamin D 

status of an individual is maintained through 

a combination of that provided by dietary 

intake and that derived from cutaneous 

synthesis under the influence of ultraviolet 

(UV) radiation from sunlight (Pettifor, 2003). 

In most communities, the dietary intake of 

vitamin D is inadequate to ensure vitamin D 

sufficiency. Thus the majority of infants and 

young children are dependent on sunlight for 

the maintenance of an adequate vitamin D 
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status. Factors which influence the cutaneous 

synthesis of vitamin D include the duration 

and intensity of the UV radiation, the surface 

area of exposed skin, the degree of melanin 

pigmentation, and the amount of substrate 

available in the skin for the conversion to 

vitamin D (Holick, 1995). The amount of UV 

light which reaches the earth‟s surface is 

reduced in countries of high latitude and 

during the winter months (Pettifor, 2003).  

Vitamin D is found in few dietary sources 

(Holick, 2006). Sunlight exposure is the 

primary source of vitamin D for majority of 

people (Calvo et al., 2005). 

Vitamin C: 

Vitamin C or ascorbic acid is an essential 

water soluble micro-nutrient involved in the 

synthesis of collagen, an essential component 

of connective tissue (Ugwa, 2015). Vitamin C, 

like other vitamins, is an organic substance, 

which is required by the body in small amount 

to maintain life, health, and acts as a catalyst in 

the formation of hormones, enzymes, blood 

cells, neurotransmitters, and genetic material 

(Klufio, 2002). The bodys‟ need for vitamin C 

is met by diet, especially fruits. Vitamin C has 

antioxidant properties and, as such, either 

blocks the initiation of free radical formation 

or inactivates (scavenges) free radicals (Ugwa 

et al., 2014). Humans, unlike most animals, are 

unable to synthesise vitamin C endogenously, 

so it is essential dietary component.  

Sources of vitamin C are fresh citrus fruits, 

pineapple, guava, water melon, tomatoes, 

cabbage, green pepper, etc. Fruits and 

vegetables are the best sources of vitamin C 

(USDA, 2011). 

Vitamin B2: 

Vitamin B2 or Riboflavin (7,8-dimethyl-10-

ribityl-isoalloxazine) is a water-soluble 

vitamin present in a wide variety of foods. Its 

most important biologically active forms, 

flavin adenine dinucleotide (FAD) and flavin 

mononucleotide (FMN), participate in a range 

of redox reactions, some of which are 

absolutely key to the function of aerobic cells 

(Powers, 2003). Sources of riboflavin are milk, 

cheese, leaf vegetables, liver, kidney, legumes, 

yeasts, mushrooms, and almonds (Jane and 

Drake, 2007). 

Vitamin B6: 

Vitamin B6 refers to a group of chemically very 

similar compounds which can be 

interconverted in biological systems. Its active 

form, pyridoxal 5ˊ phosphate (PLP) serves as a 

cofactor in many enzyme reactions in amino 

acid, glucose, and lipid metabolism 

(Johannson et al., 1973). PLP is involved in 

many aspects of micronutrient metabolism, 

neurotransmitter synthesis, histone synthesis, 

haemoglobin synthesis and function, and gene 

expression. It also serves as a coenzyme for 

many reactions including decarboxylation, 

transamination, racemisation, elimination, 

replacement, and beta – group interconversion 

(Combs, 2008).  

Foods that contains large amount of vitamin B6 

include turkey, beef, banana, potato, etc. 

(USDA, 2015). 

Vitamin B1: 

Vitamin B1 or thiamine is a vitamin of the B 

complex which was formerly named aneurin 

for its detrimental neurological effect if not 

present in the diet. Thiamine is the first of the 

water – soluble vitamins to be described 

(Mahan and Escott-Stump, 2000). Its 

phosphate derivatives are involved in many 

cellular processes. The best – characterised 

form is thiamine pyrophosphate (TPP), a 

coenzyme in the catabolism of sugars and 

amino acids. All living organisms use 

thiamine, but it is only synthesised in bacteria, 

fungi, and plants. Animals must obtain it from 

their diet, and thus, for humans, it is essential 

nutrient (Mahan and Escott-Stump, 2000). 

Thiamine is on the World Health Organization 

List of Essential Medicines, a list of the most 

important medication needed in basic health 

system (WHO, 2013). Sources of thiamine 

include oatmeal, sunflower seeds, brown rice, 

potatoes, oranges, liver (beef, pork, and 

chicken), and eggs (Combs, 2008).  

Vitamin B3: 

Vitamin B3 also known as niacin or nicotinic 

acid is one of the 20 to 80 essential human 

nutrients (Keene et al., 2014). Other forms of 

vitamin B3 include corresponding amide and 
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nicotinamide, as well as more complex amides 

and a variety of esters (Cantarella et al., 2011). 

Niacin cannot be directly converted to 

nicotinamide, but both compounds are 

precursors of the coenzymes nicotinamide 

adenine dinucleotide (NAD) and nicotinamide 

adenine dinucleotide phosphate (NADP) in 

vivo (Cox et al., 2000).  

Sources of vitamin B3 include liver, lean meats, 

grains, and legumes, etc. Vitamin B3 can be 

formed from the tryptophan (FAO/WHO, 

2001). 

Vitamin B12: 

Vitamin B12, also called cobalamin, is water – 

soluble vitamin with a key role in the normal 

functioning of the brain and the central 

nervous system, and the formation of blood 

(Yamada, 2013). Cobalt is required as a 

constituent of vitamin B12 (Soetan et al., 2010). 

Vitamin B12 is involved in the metabolism of 

every cell of the human body, especially 

affecting DNA synthesis and regulation, but 

also fatty acid metabolism and amino acid 

metabolism (Yamada, 2013).  

In cattle and sheep, bacteria in the rumen can 

use metallic cobalt to synthesise vitamin B12 

and are thus the ultimate source of the vitamin 

in human diets. Organ Meats are the best 

source of vitamin B12 (liver, kidney, heart, and 

pancreas), followed by clams, oysters, seafood, 

eggs, milk and yoghurt, chicken, cheese, and 

miso (a fermented soy bean product) (Soetan 

et al., 2010).  

MICRO-NUTRIENTS INTERACTIONS: 

SYNERGIES AND ANTAGONISMS 

Iron and Zinc: 

In areas where zinc deficiency may be 

expected, iron deficiency is frequently 

common, and iron supplements may be used. 

When zinc and iron were given together in 

water solution to human subjects, iron 

lowered zinc uptake (Solomons and Jacob, 

1981). However, it is conceivable that these 

two elements would only compete with each 

other when given in water solution and 

possibly not when food is present. When 

excess iron is added, zinc absorption from a 

water solution is significantly inhibited 

(Sandstrom et al., 1985), whereas no effect is 

observed when they are given in a meal. 

Similar results are obtained for iron absorption 

(Rossander-Hulthen et al., 1991) when excess 

zinc is added. These studies suggest that iron 

and zinc may interact when given as 

supplements, but that this does not occur 

when they are given as food fortificants. 

Recent studies on iron and zinc 

supplementation of Indonesian infants show 

that antagonistic interactions between iron and 

zinc occurs when they are given as drops 

(Lind et al., 2003). When infants were given 

iron alone, zinc alone, both elements together 

or placebo for 6 months, the iron group had 

higher iron status than the iron+zinc group, 

indicating an effect of zinc on iron absorption. 

The zinc group had higher serum zinc than 

did the placebo group, whereas this was not 

the case for the iron and iron+zinc groups, 

suggesting an effect of iron on zinc absorption. 

Weight-for-age was significantly higher in the 

zinc-supplemented group than in the other 

groups, and psychomotor development was 

significantly higher in the iron supplemented 

group than in the placebo group. Thus, the 

combination of iron and zinc supplements did 

not improve growth or development as 

compared to placebo (Lonnerdal, 2003). 

Iron and Copper: 

Iron and copper are known to compete for 

absorptive pathways, although the mechanism 

behind this negative interaction has not been 

delineated. Some human studies suggest that 

this may be an underestimated nutritional 

problem. Copper absorption in infants was 

significantly lower from infant formula 

fortified with a high level of iron than from 

formula with a low level of iron (Haschke et 

al., 1986). Also, feeding infants a formula with 

a higher level of iron resulted in a significantly 

lower concentration of ceruloplasmin, the 

major copper-binding protein in serum. Thus, 

copper status may be compromised by 

excessive iron supplementation (Lonnerdal, 

2003). Copper deficiency has been shown to 

reduce iron absorption in animal models, 

which is believed to be due to intestinal iron 

transports being copper – dependent (Collins 

et al., 2010). 
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Iron and Vitamin C: 

Although it is known that the iron intake of 

several populations is adequate, but inhibitory 

compounds limit the bioavailability of iron, 

there have been relatively few studies 

exploring this synergistic effect in fortification 

programs (Lonnerdal, 2003). Fortification of 

infant formula with ascorbic acid significantly 

enhanced iron absorption in human adults. 

Addition of ascorbic acid to a Peruvian school 

breakfast meal significantly enhanced iron 

absorption in a dose-dependent manner 

(Davidsson et al., 2001). Whether the 

enhancing effect of ascorbic acid on iron 

absorption is sustainable was evaluated in 

Mexico and it was found that although 

ascorbic acid from lime juice increased iron 

absorption, it did not improve the iron status 

of iron-deficient women (Lonnerdal, 2003). 

Iron and Vitamin A: 

Studies on children in Central America 

showed that low plasma retinol concentrations 

were correlated to low haemoglobin. It 

appears that the mechanism of interaction 

between vitamin A and iron is impairment in 

the mobilisation of iron from the liver and/or 

incorporation of iron into the erythrocyte 

(Lonnerdal, 2003). Consequently, it appears 

important to normalise vitamin A status in 

populations given additional iron. Studies 

have shown that supplementation with both 

iron and vitamin A increases haemoglobin 

concentrations to a greater extent in anaemic 

pregnant women than does iron 

supplementation alone (Suharno et al., 1993). 

Iron and Vitamin B2: 

Riboflavin deficiency in human adults is 

known to result in low haemoglobin levels. 

When riboflavin deficiency was induced in 

human volunteers, the subjects got anaemia, 

which was restored when riboflavin status 

was restored. Studies in the Gambia have also 

showed that iron given with riboflavin 

supplements was more efficient in restoring 

haematology than iron given alone (Powers et 

al., 1985).  

Iron and Iodine: 

A synergism between iron status and the 

efficacy of iodine fortification and 

supplementation in human populations was 

recently discovered. It was reported that in 

children with goitre, the therapeutic response 

to orally given iodized oil was lower in 

children with iron deficiency anaemia than in 

iron-replete children (Zimmermann et al., 

2000). Further, iron treatment of goitrous 

children with iron deficiency improved their 

response to iodised salt. It appears likely that 

key steps in iodine metabolism are iron-

dependent and that adequate iron status is a 

prerequisite for effective iodine treatment of 

goitre (Lonnerdal, 2003). 

Iron and Manganese: 

High levels of manganese interfere with iron 

metabolism as shown by decreased 

haemoglobin concentrations and reversal by 

dietary iron supplementation (O‟Dell, 1985).  

Iron and Vitamin A: 

Vitamin A is involved in several stages of iron 

metabolism including erythropoiesis and its 

release from ferritin stores (Zimmermann et 

al., 2006). Therefore, in vitamin A deficiency, 

anaemia can occur which cannot be corrected 

with iron supplementation alone (Van 

Leeuwen et al., 2006). Carotenoids such as 

lycopene, lutein and zeaxanthin have been 

demonstrated to increase iron absorption 2-3 

folds, when 2-4 mg was added as a flour 

fortificant (Garcia-Casal, 2006). 

Zinc and Vitamin A: 

Zinc deficiency is known to impair vitamin A 

metabolism; thus, interventions intended to 

prevent or treat vitamin A deficiency may 

synthesis. Zinc supplementation of humans 

sometimes improves vitamin A status 

(Lonnerdal, 2003). Studies on preterm infants 

and children (Udomkesmalee et al., 1992) have 

shown positive effects on serum retinol, RBP 

and conjunctival epithelium, but not all 

studies show such effects. Careful assessment 

of both initial zinc status and vitamin A status 

before evaluating the effect of zinc on vitamin 

A status may be required.  

Folate and Zinc: 

High plasma folate concentrations decreased 

the absorption of zinc when zinc intake was 

low and that a mutual inhibition between folic 

acid and zinc occurs at the site of intestinal 
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transport (Simmer et al., 1987; Ghishan et al., 

1986). Zinc may form insoluble complexes 

with folic acid, particularly at low Ph 7. If 

these complexes have been formed in the 

stomach, they should dissolve at the higher 

pH within the duodenum, but if they have 

been formed before consumption, then they 

will not be absorbed from the intestinal tract 

and will be voided (Shrimpton, 2004). 

Zinc and Copper: 

High additional intake of zinc - 50 mg/d or 

more for an extended period of time can lead 

to copper deficiency. Zinc supplemented diet 

increases the intestinal synthesis of cellular 

proteins, called metallothioneins. They bind 

metals and do not allow their absorption by 

intestinal cells. Metallothioneins have a 

stronger affinity for copper than for zinc, so 

high levels of metallothioneins due to 

increased zinc can cause reduced absorption of 

copper. On the other hand, it is found that 

high doses of copper affect zinc nutritional 

status (Turnlund, 2006; Johnson et al., 1992). 

Folate and Vitamin B12: 

Folate and vitamin B12 play an indispensible 

role in the methylation cycle, which is the sole 

methyl group donor in numerous biochemical 

reactions within the central nervous system 

and elsewhere, such as neurotransmitter 

synthesis, hepatocellular detoxification, nerve 

myelination and DNA stabilisation (Gropper 

et al., 2009). This cycle is also needed to be 

functioning adequately for one-carbon 

metabolism which facilitates purine and 

thymidylate formation, hence in DNA 

synthesis and replication needed for cell 

repair, growth and development. Methylation 

dysfunction may occur in the presence of 

vitamin deficiencies such as vitamin B12 and 

folate, as well as abnormalities in their 

metabolism (Finkelstein, 2007). Vitamin B12 

deficiency may induce a secondary folate 

deficiency by reducing methionine synthase 

enzyme activity, which activates folate 

(Gibson, 2005). Studies have reported that 

supplemental folate accrues in a B12 

deficiency (Selhub et al., 2009), via methionine 

synthase inactivity and therefore comprises 

the ability to utilise intracellular folate (Allen 

et al., 1998). 

Selenium and Vitamin E: 

Selenium and vitamin E interact with each 

other, and each potentiates the effect of the 

other (Mervyn, 1985). Organic and inorganic 

selenium compounds function in preventing 

certain disease conditions that have, in the 

past, been associated with vitamin E 

deficiency (Soetan et al., 2010). 

Selenium and Cobalt: 

Cobalt (Co) has also been shown to be 

synergistic to selenium. A diet containing high 

amounts of selenium did not produce 

selenium toxicity symptoms in lab animals 

initially. 

However, when cobalt was added in equal 

amounts, symptoms of selenosis developed 

(Kirchgessner et al., 1982). 

Selenium and vitamin B6: 

Vitamin B6 acts as a selenium synergist, and is 

associated with the conversion of 

selenomethionine to glutathione peroxidise 

(Beilstein and Whanger, 1989). 

Selenium and vitamin C: 

Even though in some circumstances, vitamin C 

can antagonize selenium, in others it can 

enhance selenium utilization. Human studies 

have revealed that vitamin C plays a role in 

the maintenance of selenium homeostasis 

(Martin et al., 1989). 

Selenium and copper: 

Copper has also been shown to be synergistic 

to selenium. Animal studies have revealed 

that glutathione peroxidase activity decreased 

during copper deficiency (L‟abbe et al., 1989). 

DISEASED CONDITIONS ASSOCIATED 

WITH MICRO-NUTRIENTS DEFICIENCIES 

Deficiency of Iron: 

Iron deficiency anaemia is the most common 

micro-nutrient problem in the world as it 

affects more than 2 billion people globally 

(Onyezili et al., 2003). Iron deficiency among 

children is common, especially in less 

developed countries and affects psychomotor 

development (Pollitt, 1993). However, the 

potential risk is that improving iron status 

may stimulate the development of  infection 

(Murray et al., 1978, Oppenheimer, 2001). 

Pollitt et al. (1989) and Beasley et al. (2000) also 
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observed that although iron supplements 

improve the cognition and growth of deficient 

children, they could be harmful as microbial 

proliferation is influenced by the iron 

concentration of the culture medium (Kochan, 

1997) and iron supplements can produce 

oxidative stress (Kadiiska et al., 1995). Infants 

and young children are the most adversely 

affected by iron deficiency because they are 

growing and developing at such a fast rate 

(Draper, 1996). If iron deficiency is not 

corrected, it leads to anaemia, which is the 

most common nutritional disorder in the 

world. Draper (1996) further stated that iron 

deficiency anaemia is a major problem 

affecting more than 2 billion people – more 

than one-third of the entire world population. 

The World Health Organization (WHO) also 

estimated that 51% of children under 4 years 

old in developing countries are anaemic as a 

result of iron deficiency. According to Draper 

(1996) iron deficiency anaemia is more 

common in situations of: 

1. Social disadvantage (e.g. poverty, poor 

housing and over-crowding, and low levels of 

parental education), 

2. Psychological disadvantage (e.g. lack of 

stimulation), and 

3. Biological disadvantage (e.g. low birth 

weight, high infection rates, and other 

nutritional deficiencies). 

The main nutritional causes of iron deficiency 

anaemia are diets that provide too little iron, 

poor absorption of most dietary iron, and the 

presence of other dietary factors that inhibit 

iron absorption. Although an inadequate iron 

diet is by far the major cause of anaemia, it 

also can occur as a result of parasitic 

infections, inherited disorders, and 

deficiencies of other nutrients. Parasitic 

infections include malaria and helminthes 

(notably, hookworm). Malaria causes the 

destruction of red blood cells and hookworms 

cause blood loss: Inherited disorders that can 

leave an individual vulnerable to anaemia 

include sickle cell anaemia. A much less 

common cause for anaemia results from 

deficiencies of other nutrients such as folate 

(Draper, 1996). Draper (1996) also observed 

that iron deficiency anaemia is associated with 

impaired development of mental and physical 

coordination skills and impaired school 

achievement in older children. It lowers 

resistance to disease and weakens a child‟s 

learning ability and physical stamina. It also 

slows mental and motor development and 

reduces work performance (UNICEF, 1998). 

There is evidence that iron deficiency anaemia 

alters the emotional state of infants so that 

they are more withdrawn, cautious and 

hesitant, and maintain closer contact with their 

mothers. These types of behaviour could 

hinder an infant‟s ability to interact with and 

learn from his or her environment thereby 

contributing to poor intellectual development 

(Ekweagwu et al., 2008). 

Deficiency of Zinc: 

Zinc deficiency in malnourished children 

contributes to growth failure and 

susceptibility to infections. It is also associated 

with complications of child birth. This 

deficiency usually occurs where malnutrition 

is prevalent (UNICEF, 1998). Mid-to- severe 

zinc deficiency disturbs several biological 

functions such as gene expression, protein 

synthesis, immunity, skeletal growth and 

maturation, gonad development and 

pregnancy outcomes, including taste 

perception and appetite (Onyezili et al., 2003). 

According to Penny (2004) severe zinc 

deficiency is responsible for dwarfism and 

failure to mature in young Iranian and 

Egyptian youths eating a diet consisting 

largely of whole meal bread. Penny (2004) 

observed that lesser degrees of zinc deficiency 

are more common now than was appreciated 

and the sub clinical deficiency of zinc 

contributes to an increased incidence and 

severity of common but important infections 

such as diarrhoea and pneumonia. Diarrhoea 

is associated with an increased loss of zinc in 

faeces. Onyezili et al. (2003) also stated that 

zinc deficiency increases the risk of mortality 

from diarrhoea, pneumonia and malaria by 13 

to 21 percent and unlike other micronutrients 

of public health importance has often subtle 

rather than dramatic clinical features. Despite 

the widespread presence of zinc in common 
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foods, dietary deficiency is common because 

bioavailability of zinc is reduced by the co-

existence of inhibitory substances such as fibre 

and phytate in foods of vegetable origin. These 

substances inhibit the absorption of zinc. The 

diets of the poorest populations often lack zinc 

being dependent on vegetables staples with 

little assess to animal products especially flesh 

products such as meat, fish and offal which 

are the richest sources of easily assimilated 

zinc. Children in poor communities do not 

manifest obvious signs of zinc deficiency but 

have often been found to have low plasma 

zinc levels compatible with sub-clinical zinc 

deficiency (Penny, 2004).  

 

Deficiency of Iodine: 

Iodine is very important in hormonal 

development and thus when it is deficient in a 

diet can cause an enlarged thyroid gland 

(goitre) or other iodine deficiency disorder. 

Deficiency of iodine may not be indicative of a 

lack of iodine in the diet, as many things can 

reduce iodine absorption or iodine utilisation 

in the thyroid. Such substances are called 

giotrogens. Iodine deficiency is the single most 

important cause of preventable brain damage 

and mental retardation including low IQ 

(intelligent quotient) (UNICEF, 1998) and 

severe iodine deficiency can lead to cretinism 

and birth defects as well as miscarriage and 

stillbirth. According to Onyezili et al. (2003) 

most children born to iodine-deficient mothers 

appear normal but have suffered brain 

damage and loss in IQ points, affecting their 

ability to develop to their full potential and 

will later have difficulty learning in school and 

staying in school. 

 

Deficiency of selenium: 

Selenium deficiency is rare in healthy, well – 

nourished individuals. It can occur in patients 

with severely compromised intestinal 

function, those undergoing total parenteral 

nutrition, and in those of advanced age (over 

90) (Ravaglia et al., 2000). 

Deficiency of Copper: 

Clinical disorders associated with Cu 

deficiencies include anaemia, bone disorders, 

neonatal ataxia, depigmentation and abnormal 

growth of hair, fur or wool, impaired growth 

and reproductive performance, heart failure 

and gastrointestinal disturbances. The 

incidence of these disorders varies widely 

among animal species. Cu deficiency has also 

been associated with cardiac hypertrophy and 

sudden cardiac failure. Toxicity disease or 

symptoms are rare and is secondary to 

Wilson‟s disease (Murray et al., 2000). In 

Wilson‟s disease, a large amount of copper is 

deposited in liver, brain, etc. Total copper 

content in the plasma and ceruloplasmin-

bound copper content decrease and there is an 

increased excretion of copper in the urine. 

Sometimes, Cu may be deposited in the renal 

tubules giving rise to renal tubular 

degeneration and this is manifested as 

glycosuria and amino aciduria (Malhotra, 

1998). Excess dietary Cu causes an 

accumulation of Cu in the liver with a 

decrease in blood haemoglobin concentration 

and packed cell volume. Liver function is 

adversely affected in copper poisoning. 

Jaundice results from erythrocyte haemolysis 

and this may lead to death unless treatment is 

started. Deficiency disease or symptom 

includes anaemia (hypochromic, microcytic) 

(Soetan et al., 2010). 

 

Deficiency of molybdenum: 

People severely deficient in molybdenum have 

poorly functioning sulphite oxidase and are 

prone to toxic reactions to sulphites in foods 

(Cohen et al., 1973). Dietary molybdenum 

deficiency from low soil concentration of 

molybdenum has been associated with 

increased rates of esophageal cancer in a 

geographical band from northern China to 

Iran (Yang, 1980; Nouri et al., 2008).  

 

Deficiency of Cobalt: 

Deficiency disease or symptoms is manifested 

in vitamin B12 deficiency.  

Deficiency of Folate: 

Deficiency of folate increases the risk of certain 

serious and common birth defects, which 

affects the brain and spinal cord. The technical 

names of the two major neural tube birth 



©Umaru Musa Yar‟adua University, Katsina NIGERIA. All Rights Reserved……………Page 35 
 

defects are spinal bifida and anencephaly. 

Spinal bifida is the most common form of 

neural tube defect resulting in continued life 

after birth. It occurs when the lower part of the 

neural tube, which develops into the spinal 

cord and the bones that enclose them, do not 

close properly, leaving the spinal cord exposed 

or covered only with skin (Ekweagwu et al., 

2008). Babies born with spinal bifida may have 

a wide range of physical disabilities, such as 

loss of bladder and bowel control, paralysis of 

the legs and associated hydrocephalus 

(Victorian Government Health Information, 

2005). According to Victorian Government 

Health Information (2005) anencephaly, which 

is second neural tube birth defects, occurs 

when the upper end of the neural tube does 

not close and the brain fails to completely 

develop or is entirely absent. Pregnancies 

affected by anencephaly often results in 

miscarriages, stillbirths or neonatal deaths 

(Ekweagwu et al., 2008). 

Deficiency of Vitamin A: 

Vitamin A deficiency is common in 

developing countries. Approximately 250, 000 

to 500,000 malnourished children in the 

developing world go blind each year from a 

deficiency of vitamin A (Institute of Medicine, 

Food and Nutrition Board, 2001). The report 

further stated that zinc is required to 

synthesise retinol binding protein (RBP) which 

transports vitamin A. Therefore a deficiency in 

zinc limits the body‟s ability to mobilise 

vitamin A stores from the liver and transport 

vitamin A to body tissues. Night blindness is 

one of the first signs of vitamin A deficiency, 

which makes the cornea very dry thereby the 

retina and cornea (Sommer, 1982). Vitamin A 

deficiency diminishes the ability to fight 

infections. In countries where such deficiency 

is common and immunisation programme are 

limited, millions of children die each year 

from complications of infectious diseases such 

as measles, diarrhoea, pneumonia and malaria 

(Ross, 1992). In vitamin A deficient children, 

cells lining the lungs lose their ability to 

remove disease-causing microorganisms and 

this may contribute to the pneumonia 

associated with vitamin A deficiency (Gerster, 

1997; Ross, 1999).  

Deficiency of Vitamin E: 

Vitamin E deficiency is rare in humans and its 

deficiency is likely to occur in very low birth 

weight infants and premature babies. 

Necrotizing enterocolitis, a condition 

sometimes seen in very low birth weight 

infants that is characterised by inflammation 

of lining of the intestines, may lead to vitamin 

E deficiency (USDA, 2004). Vitamin E 

deficiency can be prevented by eating foods 

that are high in vitamin E. Diets should be 

moderate in fat especially healthful sources of 

fat, including those oils and nuts that provide 

vitamin E (Ekweagwu et al., 2008). 

Deficiency of vitamin D: 

A diet deficient in vitamin D in conjunction 

with inadequate sun exposure causes 

osteomalacia in adults (or rickets when it 

occurs in children), which is characterised by 

softening of bones (National Health Service, 

2012). Globally, vitamin D deficiency is 

characteristically a disease of infants and 

young children (Pettifor, 2000). Deficiency 

occurs typically in countries at high latitudes, 

where winter months are cold, and in 

countries where for social and religious 

reasons children are precluded from sunlight. 

The peak incidence of vitamin D deficiency 

occurs between 6 and 18 months of age and 

has a strong seasonal variation with the 

disease being most common in the late winter 

and early spring months (Pettifor, 2003). 

Although at the turn of the 20th century, 

rickets was epidemic in children in northern 

Europe and North America, the disease was 

all but eradicated by the middle of that 

century through health education, vitamin D 

fortification of certain foods and vitamin D 

supplementation. However it remains a 

problem in African American children and in 

Asian and other darkly pigmented immigrant 

groups in Europe (Pettifor, 2003). 

Deficiency of Vitamin C: 

Due to the inability of humans to synthesise 

vitamin c, it needs to be obtained through the 

diet. A failure to get sufficient vitamin c in the 

diet results in scurvy (Kasa, 1983; Touyz, 
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1984). Scurvy affects hydroxylation of proline 

leading to lack of collagen formation. This lack 

of connective tissue support to the capillary 

walls leads to vascular fragility resulting in 

bleeding tendency which produces petechiae 

and ecchymoses in the tissue (Touyz, 1984). 

Deficiency of Vitamin B2: 

Riboflavin (vitamin B2) deficiency results in 

the condition of hypo- or ariboflavinosis, with 

sore throat; hyperaemia; oedema of the 

pharyngeal and oral mucous membranes; 

cheilosis; angular stomatitis; glossitis; 

seborrheic dermatitis; and normochromic, 

normocytic bone marrow (McCormick, 1994; 

McCormick, 1997). Because the deficiency 

almost invariably occurs combined with a 

deficiency of other B-complex vitamins, some 

of the symptoms (e.g., glossitis and dermatitis) 

may result from other complicating 

deficiencies. The major cause of hypo-

riboflavinosis is inadequate dietary intake as a 

result of limited food supply, which is 

sometimes exacerbated by poor food storage 

or processing. Children in developing 

countries will commonly demonstrate clinical 

signs of riboflavin deficiency during periods of 

the year when gastrointestinal infections are 

prevalent (FAO/WHO, 2001). Decreased 

assimilation of riboflavin also results from 

abnormal digestion such as that which occurs 

with lactose intolerance. This condition is 

highest in African and Asian populations and 

can lead to a decreased intake of milk as well 

as an abnormal absorption of the vitamin 

(FAO/WHO, 2001). Absorption of riboflavin is 

also affected in some other conditions, for 

example, tropical sprue, celiac disease, 

malignancy and resection of the small bowel, 

and decreased gastrointestinal passage time. 

In relatively rare cases the causes of deficiency 

are inborn errors in which the genetic defect is 

in the formation of a flavoprotein (e.g., acyl-

co-enzyme A [co-A] dehydrogenases). Also at 

risk are those receiving phototherapy for 

neonatal jaundice and perhaps those with 

inadequate thyroid hormone (FAO/WHO, 

2001). Some cases of riboflavin deficiency were 

also observed in Russian school children 

(Moscow) and Southeast Asian schoolchildren 

(infected with hookworm) (FAO/WHO, 2001). 

Deficiency of Vitamin B6: 

A deficiency of vitamin B6 alone is uncommon 

because it usually occurs in association with a 

deficit in other B-complex vitamins 

(McCormick, 1988c). Early biochemical 

changes include decreased levels of plasma 

PLP and urinary 4-pyridoxic acid. These are 

followed by decreases in synthesis of 

transaminases (aminotransferases) and other 

enzymes of amino acid metabolism such that 

there is an increased urinary xanthurenate and 

a decreased glutamate conversion to the anti-

neurotransmitter g-aminobutyrate. 

Hypovitaminosis B6 may often occur with 

riboflavin deficiency, because riboflavin is 

needed for the formation of the co-enzyme 

PLP. Infants are especially susceptible to 

insufficient intakes, which can lead to 

epileptiform convulsions. Skin changes 

include dermatitis with cheilosis and glossitis. 

There is usually a decrease in circulating 

lymphocytes and possibly a normocytic, 

microcytic, or sideroblastic anaemia 

(McCormick and Greene, 1994). The sensitivity 

of such systems as sulphur amino acid 

metabolism to vitamin B6 availability is 

reflected in homo-cysteinemia. A decrease in 

the metabolism of glutamate in the brain, 

which is found in vitamin B6 insufficiency, 

reflects a nervous system dysfunction. As is 

the case with other micronutrient deficiencies, 

vitamin B6 deficiency results in an impairment 

of the immune system. A current concern is for 

the rather pandemic occurrence of somewhat 

low vitamin B6 intakes in many people who 

eat poorly (e.g., people with eating disorders). 

Vitamin B6 deficiency has also been observed 

in some individuals with hyperhomo-

cysteinemia or on chronic hemodialysis, and 

several other medical conditions (FAO/WHO, 

2001). 

Deficiency of Vitamin B1: 

Vitamin B1 deficiency results in the disease 

called beri-beri, which has been classically 

considered to exist in dry (paralytic) and wet 

(oedematous) forms (McCormick, 1988b; 

McCormick, 1997). Beri-beri occurs in human-
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milk-fed infants whose nursing mothers are 

deficient. It also occurs in adults with high 

carbohydrate intakes mainly from milled rice 

and with intakes of anti-thiamine factors. Beri-

beri is still endemic in Asia. In relatively 

industrialized nations, the neurologic 

reflections of Wernicke-Korsakoff syndrome 

are frequently associated with chronic 

alcoholism with limited food consumption 

(McCormick and Greene, 1994). Some cases of 

thiamine deficiency have been observed with 

patients who are hypermetabolic, are on 

parenteral nutrition, are undergoing chronic 

renal dialysis, or have undergone a 

gastrectomy. Thiamine deficiency has also 

been observed in Nigerians who ate silk 

worms, Russian schoolchildren (in Moscow), 

Thai rural elderly, Cubans, Japanese elderly, 

Brazilian Xavante Indians, French Guyanense, 

Southeast Asian schoolchildren who were 

infected with hookworm, Malaysian detention 

inmates, and people with chronic alcoholism 

(FAO/WHO, 2001).  

Deficiency of Vitamin B3: 

Niacin (nicotinic acid) deficiency classically 

results in pellagra, which is a chronic wasting 

disease associated with a characteristic 

erythematous dermatitis that is bilateral and 

symmetrical, a dementia after mental changes 

including insomnia and apathy preceding an 

overt encephalopathy, and diarrhoea resulting 

from inflammation of the intestinal mucous 

surfaces (McCormick, 1997; McCormick and 

Greene, 1994). At present, pellagra occurs 

endemically in poorer areas of India, China, 

and Africa. Its cause has been mainly 

attributed to a deficiency of niacin; however, 

its biochemical inter-relationship to riboflavin 

and vitamin B6, which are needed for the 

conversion of L-tryptophan to niacin 

equivalents (NEs), suggests that insufficiencies 

of these vitamins may also contribute to 

pellagra (Carpenter and Lewin, 1985). 

Pellagra-like syndromes occurring in the 

absence of a dietary niacin deficiency are also 

attributable to disturbances in tryptophan 

metabolism (e.g., Hartnup disease with 

impaired absorption of the amino acid and 

carcinoid syndrome are the major catabolic 

pathway routes to 5-hydroxytryptophan) 

(McCormick, 1988a). Pellagra also occurs in 

people with chronic alcoholism (McCormick, 

1988a). Cases of niacin deficiency have been 

found in people suffering from Crohn‟s 

disease (McCormick, 1988a). 

Deficiency of Vitamin B12: 

Vitamin B12 deficiency can potentially cause 

severe irreversible damage, especially to the 

brain and nervous system. A range of 

symptoms such as fatigue, depression, and 

poor memory may be experienced. Vitamin B12 

deficiency can also cause symptoms of mania 

and psychosis (Sethi et al., 2005; Masalha et al., 

2001). This deficiency is most commonly 

caused by low intakes, but can also result from 

mal-absorption, certain intestinal disorders, 

low presence of binding proteins, and using of 

certain medications. Vitamin B12 is rare from 

plant sources, thus infants born to vegetarian 

mothers are at higher risk of vitamin B12 

deficiency. The elderly who have diet with 

limited or animal products are vulnerable 

populations as well (Killen and Brenninger, 

2013). Vitamin B12 deficiency can manifest 

itself as anaemia and in some cases cause 

permanent neurological damage (Biemans et 

al., 2014). 

RECOMMENDED NUTRIENTS INTAKE 

Recommended nutrient intake (RNI) is 

defined as the daily intake level of a nutrient 

sufficient to meet the nutrient requirements of 

a nearly all apparently healthy individuals in 

an age and sex specific population group 

(WHO/UNHCR, 1999). The definition of RNI 

is equivalent to that of recommended dietary 

allowance (RDA) as used by the Food and 

Nutrition Board of the United States Institute 

of Medicine (WHO/UNICEP, 2001). 

WHO and UNICEF have developed daily 

multiple micro-nutrient formulae that can 

meet the recommended nutrient intake 

(WHO/UNICEF, 1999).
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Table 1: Daily recommended intake of vitamins and micro-minerals for pregnant and lactating 

women as well as well as children 

Micro-nutrient              Pregnant and lactating women               Children (6-59 months) 

Vitamin A µg                800                                                          375 

Vitamin D µg                5                                                              5 

Vitamin E mg               10                                                             4 

Vitamin C mg               70                                                            150 

Vitamin B1 mg             1.4                                                            0.5 

Vitamin B2 mg             1.4                                                            0.5 

Vitamin B3 mg             18                                                             6 

Vitamin B6 mg             1.9                                                            0.5 

Vitamin B12 µg             2.6                                                           0.9  

Folic acid µg                400                                                          150 

Iron mg                         30                                                            10 

Zinc mg                        15                                                            10 

Copper mg                    2                                                              0.6 

Selenium µg                 65                                                             - 

Iodine µg                      150                                                          50 

 

CONCLUSION AND 

RECOMMENDATIONS 

1. Micro-nutrient interactions 

(antagonistic) and deficiencies can 

have major adverse health 

consequences, contributing to 

impairment in growth, immune 

competence, mental and physical 

development, and poor reproductive 

outcomes. Micro-nutrient deficiencies 

can undoubtedly have great influences 

on the health of at-risk populations. 

Poor households are the most 

vulnerable to micronutrient 

deficiency. For example, anaemia 

remains a public health problem of 

immense magnitude, yet little 

progress in controlling it has been 

achieved in the developing world. 

2. A better knowledge and awareness of 

micro-nutrient interactions and their 

underlying mechanisms is needed to 

establish improved interventions 

without negative side effects. 

3. Many scientific gaps still exist (lack of 

conclusive evidence about the effects 

of micro-nutrient supplementation or 

fortification on health outcomes, 

morbidity, and mortality; their 

potential adverse effects; and their 

optimal amount/form/composition, 

frequency of use, and way of delivery) 

that hinder the development of strong 

public health guidance, owing to the 

inadequacy of well-designed 

studies/programs mainly from 

community-based settings; 

uncertainties originating from 

insufficient information on the 

biological mechanisms behind 

relationships between micro-nutrients 

and outcomes; paucity of attention to 

the bioavailability of the micronutrient 

(e.g. iron in fortification and bio-

fortification programs); and 

inconsistency of results (e.g. lack of 

clarity about the effect of iron 

supplementation on pregnancy 

outcomes or growth in paediatric 

populations). Therefore, there is an 

urgent need to undertake further 

adequately powered long-term trials 

to fill the gaps. Furthermore, public 

should, at least, be educated about 

micro-nutrients; their role, synergistic 

and antagonistic interactions, and 

deficiency symptoms.  

4. Supplementation and fortification 

have a robust impact on the symptoms 

of micro-nutrient deficiency. 
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However, these strategies do not 

address the causes of the micro-

nutrient deficiency; i.e. monotonous 

diets and low micro-nutrient 

bioavailability. A more comprehensive 

approach is needed to ultimately 

increase the availability of access and 

consumption of adequate amounts of 

a variety of micro-nutrient-rich foods. 

To improve nutrition and health in the 

long-term, dietary strategies must 

necessarily integrate community-

based, nutrition-sensitive agricultural 

interventions with nutrition education 

and female empowerment, returns on 

investments, marketing activities, 

and/or basic primary health care. It is 

critical to promote behaviours that 

support adequate intake, ensure 

availability of supply, and help to 

empower communities to be more 

self-reliant. For example, Government 

should empower marketers of foods 

(cereals, legumes, vegetables, fruits, 

etc.) so as provide information, to 

consumers, about the nutritional 

composition food products. 

5. Current evidence shows strategies 

promoting local production of food 

focus mostly on the improvement of 

vitamin A status. Bio-fortification may 

complement the existing micro-

nutrient interventions by targeting 

rural areas where the access to 

commercially fortified food is limited, 

and the coverage of the public health 

system is low. However, to date the 

effects of most bio-fortified crops on 

functional indicators of micronutrient 

status are yet to be fully established. 

6. To be successful, fortification and 

supplementation programs must have 

high-level government involvement. 

Fortification programs, for example, 

require political support, adequate 

marketing, and long-term commercial 

commitment. Government monitoring 

of fortification standards and 

enforcement of fortification 

regulations should be emphasised by 

putting into effect and correct laws 

and national monitoring standards; 

check that they are followed by both 

the public and the private sector; and 

guarantee access to and correct use of 

the product by the population – the 

vulnerable groups in particular. 

7. Combination of complementary 

strategies is needed to effectively 

tackle micro-nutrient malnutrition, 

especially, in the developing 

countries. Programme evaluation 

should consider both positive and 

negative effects, and include regular 

monitoring to detect both low and 

excessive intake of micro-nutrients. 
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