
LECTURE EIGHTEEN 
 
Micronutrient Deficiencies 
 

• 50% of children aged 6 months – 5 years suffer from 1+ micronutrient deficiency 
• 2 billion people affected 
• Four common deficiencies 

1. Iron 
2. Iodine 
3. Vitamin A 
4. Zinc 

 
The Micronutrients 
 

1. Boron 
2. Chlorine 
3. Copper 
4. Iron 
5. Manganese 
6. Molybdenum 
7. Nickel 
8. Zinc 

 
These are essential for higher plants, and a deficiency in 1+ of these will adversely affect yield and quality 
of crops. Microdeficiencies in crops occur all over the world. There have been links between low contents of 
trace elements essential for humans in stable grains and health problem incidence.  
 
Nutrients 
 
Carbohydrate, lipid, proteins, vitamins, minerals and water (both a food and nutrient) along with dietary 
fibre and phytochemicals from plants are needed for good health.  
 
Macronutrients are needed in large quantities (10s or 100s of grams per day) and include carbohydrates, 
proteins and lipids. Micronutrients are needed only in minute quantities (µg or mg) and include vitamins, 
minerals and trace elements.  
 
Carbohydrates 
 

Complex carbohydrates metabolised to CO2 + H2O + energy 
 
Carbohydrates can be present as simple (glucose, fructose, other) or compound (starch in plants, glycogen in 
animals). The compound carbohydrates are polymers of glucose.  
 
Proteins 
 

Building blocks for body parts 
 
Proteins are essential for growth, repair of worn-out tissues and resistance against infections. It comes from 
both animal and plant foods, but animal proteins have more AAs than plant protein. Plant proteins may be 
deficient in more of the essential AAs.  
 
 
 
 



Lipid 
 

Triglycerides (main lipid in food/body), phospholipids, sterols (e.g. cholesterol) 
 
Lipids are essential for the brain, nerves and hormones. They are also essential in absorption, transport and 
storage of the fat-soluble vitamins (A, D, E & K). The triglycerides of land animals are usually fats, but the 
lipids of aquatic animals are polyunsaturated fatty acids (oil). Triglycerides of plant sources are also oils.  
 
Vitamins 
 

Cannot be synthesised by the body 
 

Vitamins are essential for the metabolism and utilization of the macronutrients. They function as coenzymes 
and can be either water or fat soluble. Water soluble enzymes are B-complex vitamins (B1, B2 etc.) and 
vitamin C.   
 
Vitamin A (aka retinol) 
 
Vitamin A is needed for skin, hair, eyes etc. and increases resistance to infection. A deficiency can lead to 
xerosis cutis (dry skin), xerophthalmia (eyes fail to produce tears) and night blindness.  
 
Vitamin A Deficiency Case Study: Sir Douglas Mawson (on the $100 note) was an Australian Antarctic 
explorer and geologist that made it to the Magnetic South Pole. He made it back to the camp to find the ship 
Aurora had already left. It was recalled but bad weather thwarted the effort. Mawson and others wintered a 
second year until 1913. The dogs were used as a food source until they met their end. Consumption of the 
digs livers probably resulted in Vitamin A poisoning leading to dizziness, lethargy, skin drying, loss and 
fissuring. One of the party, Mertz, developed severe stomach pain, lost strength and started turning insane 
(bit off his finger) and eventually died.  
 
Vitamin D 
 

Formed in the skin following UV radiation of dehydrocholesterol 
 

Vitamin D is needed for the absorption of calcium and phosphorous. Deficiency results in rickets, brittle 
bones and bad teeth. 
 
Vitamin E 
 

Fat soluble antioxidant stopping the production of ROS 
 
Vitamin E consists of tocopherols and tocotrienols. Tocotrienols may function to protect neurons for 
damage. Deficiency can result in neurological problems, neuromuscular problems, anemia, muscle and heart 
problems, nosebleeds and skin infections.  
 
Thiamine (aka B1) 
 
Thiamine is found in all tissues, and especially the liver. It is essential for the function of the NS and heart 
due to their high oxidative metabolism. It is involved in the metabolism of acetyl CoA in mitochondria. 
Thiamine is the transport form of the vitamin, but the active forms are phosphorylated derivatives.  
 
Thiamine deficiency is most commonly found in alcoholics. It can cause depression, poor appetite, skin 
problems and beriberi causing neurological and cardiovascular disease, neurodegeneration, muscular 
wasting, edema, tachycardia, cardiomegaly and congestive heart failure.  
 
 



Niacin (aka B3) 
 
Nicotinic acid helps the body convert carbohydrates into glucose for energy production. Niacin is converted 
to nicotinamide and then to NAD and NADP. It was used in the past to reduce blood lipid levels, and it 
reduces the risk of cardiac disease.  
 
Deficiency of niacin can lead to pellagra, characterised by aggression, light sensitivity, dermatitis, skin 
lesions and dementia.  
 
Scurvy 
 
Scurvy has already been touched on in the disorders of the skin. To reiterate it is a vitamin C deficiency 
resulting in bleeding gums, bruising and low infection resistance.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



LECTURE NINETEEN 
 
Composition of Living Organisms 
 
Bulk elements 
Carbon, hydrogen, oxygen, nitrogen, phosphorus (kg amounts) 
 
Macrominerals 
Sodium, potassium, magnesium, calcium (mM concentrations)	   
 
Essential trace elements / microminerals 
Iron, zinc, copper, iodine, selenium, manganese, molybdenum, cobalt, fluorine, chromium  (required in mg 
amounts in the diet, present in µg) 
Most of these belong to the ‘d’ group on the periodic table 
 
Non-essential, potentially toxic elements: lead, mercury, arsenic 
 
Trace Element Criteria 
 

• Present in all tissues of living things 
• Present at similar levels in living things 
• Withdrawal produces specific symptoms 
• Reversal of symptoms 

 
Discovery of Trace Elements 
 
Zinc: discovered during studies on Aspergillus niger fungus  
Iron: discovered in blood 
Iodine: isolated from the thyroid gland 
 
Other techniques of discovery include atomic absorption spectrophotometry, measurements of 
concentrations in the body and environment, and changes in disease. 
 
Growth studies have been completed in rats, mice and farm animals (copper deficiency in cattle causes 
ataxia & cobalt deficiency causing wasting).  
 
Iron 
 
Iron is the most abundant trace element. 60-70% of iron is present in the haemoglobin of circulating 
erythrocytes, and 2.5g of Fe is found in RBCs. 200 billion new RBCs are produced each day and the body 
required ~20mg of Fe per day for haemoglobin synthesis to occur supporting RBC synthesis. This accounts 
for nearly 80% of the iron demand. RBCs become fragile after 100-120 days and are broken down by the 
cells of the reticulo-endothelial system. These cells include macrophages present in the spleen, liver and 
other tissues. The heme is liberated and returned to plasma. Some heme, containing Fe, is broken down into 
bilirubin and transported to the liver via the blood to be excreted in bile. The majority of iron, however, is 
recycled.  
 
20% of iron is used as a constituent in the production of other haemoproteins including ironsulphur (Fe-S). 
10% of Fe is in the form of myoglobin, cytochromes and iron-containing enzymes, and the remaining 20-
30% is stored in ferritin (liver) and haemosiderin in hepatocytes and recticuloendothelial macrophages. The 
liver To prevent toxicity iron must be complexed, hence why iron is kept in a soluble ferritin form. When 
ferritin is not combined with Fe it is called apoferritin. Hemosiderin is a complex of ferritin, denatured 
ferritin and other material.  
 



Iron Homeostasis 
 
The iron intake per day is 10-50mg, of which only 10-15% is absorbed. Dietary iron is mainly absorbed in 
the duodenum and homeostatic regulation of uptake occurs to meet the bodies needs. For an example, if 
blood loss occurs causing an iron deficiency the body responds to increase absorption of iron in the gut. Iron 
can also be lost through sweat, lactation, and through intestinal mucosal cells and skin when cells are 
sloughed off.  
 
Dietary iron includes three forms: ferrous iron (Fe2+), ferric iron (Fe3+) and heme iron (Fe2+) chelated as 
hemoglobin, myoglobin and enzymes.  
 
Fe3+ is reduced to Fe2+ in the duodenum is reduced by a ferric reductase in the brush border. It is then 
transported to enterocytes through the transmembrane iron transporter divalent metal transporter 1, DMT1. 
Inside the cell the Fe2+ is stored in ferritin or passed through the basolateral membrane to reach the blood. 
The membrane Fe2+ exporter is called ferroportin or Ireg1. Finally, Fe2+ is reoxidised by plasma ferroxidase 
ceruloplasmin (or its membrane-associated homologue, hephaestin) to once again form Fe3+. From here the 
iron is bound by apo-transferrin and forms holo-transferrin, which circulates in the plasma as serum 
transferrin. It binds to the transferrin receptor present in the membrane of cells and internalizes into 
endosomes. The Fe3+ is dissociated and transported out of the endosome into the cytosol by DMT1 (aka 
Nramp2 – Nramp is a family of proteins found in invertebrates, plants, fungi & bacteria). The iron is either 
stored or utilised by the cell.  
 
Iron Deficiency – dietary deficiency or blood loss deficiency 
 

• Microcytic anemia 
• Decrease in number of erythrocytes 
• Decreased capacity for O2 transport 
• Skeletal muscle, intestinal mucosa iron depleted in preference to heart & liver 
• Genetic disorders of iron are rare 

 
Iron Toxicity 
 
Iron toxicity can cause chronic fatigue, cell damage, accumulation in the liver heart and pancreas, and 
increased incidence of liver cancer, cirrhosis and arthritis. Symptoms of iron toxicity include pigmentation 
of the skin due to iron reposition. Iron toxicity can be acquired or genetic. Acquired iron toxicity can occur 
through transfusions, beer brewing in iron containers (African Bantu).  
 
In genetic iron toxicity there is an increased absorption of iron. Hemochromatosis is the most common of 
the autosomally inherited genetic disorders affecting 1 in 250 000. The gene affected in hereditary 
hemochromatosis is the HFE gene that encodes a protein involved in the regulation of iron entry into cells. 
The HFE protein interacts with other proteins on the cell surface to detect the iron levels in the body and 
regulates the production of another protein called hepcidin (the ‘master’ iron regulatory hormone). Hepcidin 
determines how much Fe is absorbed from the diet and released from storage sites in the body. In hereditary 
hemochromatosis the mutation is usually due to a single AA substitution of tyrosine for a cysteine. The 
mutation prevents the HFE protein reaching the cell surface and hence it cannot interact with transferrin 
receptors.  
 
 
 
 
 
 
 
 


