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Fe, Cu, Co, Zn, Mn, Mo, F, Cr, Se, I

TRACE ELEMENTS
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 It is found abundantly in dark colored soil. 
Herbivorous animals can provide as much of 

their needs from plants. 
 It is always found in the water. There is 

almost no iron in the milk.
 The best sources are; liver, kidney, heart, egg 

yolks, fish, beans, spinach, wheat-oat flour, 
dates, walnuts and molasses .

Iron (Fe)
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Iron (Fe)

Heme-A

 The iron is an essential element in 
the structure of porphyrin 
complex, Heme, (the 
hemoproteins= Hb and Mb) and 
iron-storing proteins (ferritin and 
hemosiderin).

 All living cells need iron.
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Iron (Fe)
 In many biological processes, it has important roles. 

◦ For example, it is found in the structure of enzymes 
(cytochromes, peroxidases). 

◦ Free iron is toxic to the body. 
◦ Free iron catalyzes the synthesis of free radicals from molecular 

oxygen and hydrogen ions. This leads to poor results. 
◦ Therefore, in order to prevent the toxicity of free iron, it must 

bind to various proteins.
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 Because of it can not be removed, the organism does not 
benefit from the complex organic iron (in the form of 
enzymes) present in large quantities in the meat and 
plants and found in the porphine complex. 

However, vegetable and internal organs (liver, spleen, 
kidney) with inorganic iron, is converted to iron chloride 
by the action of gastric acid (HCl) in the stomach and 
absorbed from the small intestine.

Iron (Fe)
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 All of the iron in the organism is about 4-5 grams and 75% 
of Fe is porphyrin-bound. 
 55% of the Porphyrin-bound iron present in the 

hemoglobin, and also, 
◦ 16% ,n enzymes (especially respiration)
◦ 7% in myoglobin, 
◦ 20% in ferritin which is the stored state (easily ionizable

inorganic form) and,
◦ 3% in transferrin in the plasma (which is transport state).

Iron (Fe)
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 Formation in the body;
1. Hemoglobin: Most iron is present as hemoglobin in 

erythrocytes. It forms 2/3 of the total amount in the body.
2. Iron in storage: It is stored in two forms. The first is diffuse, 

soluble ferritin. Insoluble in the other, whole stored 
hemosiderin. The organs that store the most iron are the liver 
and the spleen. These are followed by kidney, heart, skeletal 
muscles and brain, respectively. 

3. Myoglobin: It resembles a subunit of hemoglobin and is found 
in the muscles. Each molecule contains one atom of iron.

Iron (Fe)
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4. Tissue iron compound : Although the amount of iron in this 
section is very low, it is very important. Most of the enzymes 
that work in the TCA cycle contain iron or require iron as a 
cofactor. 
Hem-containing compounds: Hemoglobin and myoglobin have similar 

structures. Catalases, peroxidases and cytochromes are found in this 
group. Cytochromes a, b and c are found in mitochondria and are very 
important in oxidative phosphorylation.

Not Hem-iron containing enzymes: Xanthine oxidase, cytochrome c 
reductase, succinate dehydrogenase, NAD dehydrogenase.

 Enzymes that require ıron or heme as cofactors: Aconitase and 
tryptophan pyrolaz.

 Enzymes containing iron in an unknown form: Ribonucleotide 
reductase and α-glycerophosphate.

Iron (Fe)
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5. Circulating iron: Iron is transported through the plasma 
transferrin between the various compartments in the body. 
Transferrin is a glycoprotein. Each molecule can connect two 
iron atoms. 

 The iron scraped with the foods is solved with HCl effect. 
Under the influence of various reducing agents, it is 
reduced to Fe++ (ferrous) salts and absorbed. Fe+++ (ferric) 
salts are difficult to absorb.

Iron (Fe)
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 Fe absorption substantially controlled by intestinal 
mucosa and absorption is only performed if Fe is 
required.

 The Fe found in hemoglobin structure is separated from 
by the reticuloendothelial system cells, which are 
released by the breakdown of erythrocytes. One part is 
stored in the liver and spleen. Remain is transported to 
the bone narrow to be used in the re-construction of the 
remaining hemoglobin.

Iron (Fe)
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 Functions;
◦ Fe in the hemoglobin structure allows the atmospheric oxygen 

to loosely connect to the depths of the tissues.
◦ Fe in myoglobin of muscles stores oxygen that comes with 

hemoglobin.
◦ It acts as an Fe redox (oxidoreduction) mediator in the 

structure of various coenzymes.

 Colorimetric techniques commonly used in the analysis 
and blood value is expressed in µg/dL or µmol/L.

Iron (Fe)
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 Inadequacy: The overall cause is lack 
of nutrition. In addition, impaired 
absorption or excessive loss(stomach-
intestine bleeds) may cause. 
Individuals with iron deficiency : 
◦ Plasma ferritin falls.
◦ Plasma transferrin and TIBC (total iron 

binding capacity) increase.
◦ Plasma iron drops.
◦ Anemia develops.

Iron (Fe)
Serum Fe Concentration

Species Normal values
(µmol/L)

Cattle 14,90 - 36,70

Dog 5,37 – 32,20

Cat 12,20 – 38,50

Horse 13,40 – 36,90
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 A microcytic, hypochromic 
anemia is characteristic. 
The iron deposits in the 
bone marrow aspirate is 
not available. 

 In general, the 
measurement of plasma 
ferritin is a good diagnostic 
test for iron deficiency.

Iron (Fe)

Source: Hematoloji atlası

Microcytic hypochromic anemia
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 Excess: This condition is less 
common than iron deficiency. 
Reasons;
◦ High intake and absorption. 

◦ It concerns the toxic effects of free iron. 
◦ Iron parenteral administration, repeated 

blood transfusions.
◦ Idiopathic (genetic) hemochromatosis.

Iron (Fe)
Serum Fe Concentration

Species Normal values
(µmol/L)

Cattle 14,90 - 36,70

Dog 5,37 – 32,20

Cat 12,20 – 38,50

Horse 13,40 – 36,90
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 It is found abundantly in the land, especially in  
nutritional plants. 
◦ Dried chickpeas, pods, walnuts, hazelnuts and leafy 

vegetables contain adequate amounts. Other than 
that, the liver and the milk are rich in Cu.

Copper (Cu)

Cu taken with food is absorbed from the intestine. Cu
absorbtion are hindered by Mo and inorganic sulphates.
 The most important part of plasma Cu is a protein called

ceruloplasmin (an enzyme).
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 One of the most important functions of copper in mammals is 
the role of erythropoiesis.

 It is required for hemoglobin synthesis.

 It is the co-factor of some enzymes. For example: 
cytochrome a, catalase, SOD (superoxide dismutase), 
ceruloplasmin

 A substance called hemocyanin, which replaces hemoglobin 
in cephalopods and serpents, is involved in the transport of 
oxygen in these animals.

Copper (Cu)
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 Insufficiency: It causes various disorders in various 
species.
◦ Ossification disorders like rickets in chickens and dogs, 
◦ Continuous diarrhea and sudden death in cattle depends on 

myocardial infarction,
◦ Enzootic ataxia (swayback) is seen in lambs as well as loss of 

color and characteristic curves of the leaf in sheep. 
◦ Swayback is a progressive neuropathy is seen in young animals.

◦ This disease is common in our country and causes significant 
economic loss.

Copper (Cu)
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Source: Youtube
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 Excess: Various infections, glomerulonephritis, 
myocardial infarction, administration of estrogen.
◦ Wilson’s Disease

◦ It is characterized by hepatolenticular degeneration. It is an autosomal 
recessive genetic disease that causes copper accumulation in tissues. 

◦ This disease manifests itself in psychiatric and neurological 
manifestations and liver disease. 

◦ Deposition of ceruloplasmin in the brain and liver, decreased blood
levels, urinary excretion of dicarboxylic peptides and free amino acids
are characterized.

Copper (Cu)
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Cobalt (Co)
 In nature, found in some soils even though the 

amount is enough, some of the less. 

 Anemia is seen in animals that grow with grass 
that grows in little cobalt soils. 

 For this reason, it is not possible to produce 
cyanocobalamin, which is Vitamin B12.
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 Cobalt is present in the organism only in the most amount 
stored in the liver. 

 In other tissues, it is found in trace amounts.

 Cobalt taken with feed is used especially in the synthesis 
of vitamin B12 (cobalamin) in ruminant rumen. 
◦ This vitamin contains 4.5% cobalt.

Cobalt (Co)
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 It is required for erythropoiesis.
 Symptoms such as anorexia, large-

cell anemia (macrocytic anemia), 
fatty liver, hemosiderosis in spleen, 
or pathological conditions are 
observed in ruminants in cobalt 
deficiency.

Cobalt (Co)

Source: UWaterloo

Normal erythrocytes Macrocytic erythrocytes

Cobalt insufficiency is only seen in ruminants. Because 
only ruminants synthesize vitamin B12 in their microflora.
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 Zinc is very common in nature, both in plant and 
animal-derived foods. 

 Showing the growth and reproduction of all 
biological material present in sufficient quantity. 

Wheatgrass, brewer's yeast, lettuce and salad, 
liver, mussels and other seafood are especially 
rich in Zn. It is approximately found 2-3 mg in 
milk.

Zinc (Zn)
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 It is found in organs such as prostate, hair, bone, liver, 
kidney, muscles, pancreas, spleen.

 It is build block of some enzymes such as alcohol 
dehydrogenase, glutamic dehydrogenase, uricase, kidney 
phosphatase, carboxypeptidase, erythrocytic carbonic 
anhydrase, SOD (superoxic dismutase).

 Zinc is also part of the insulin molecule, an important 
hormone in carbohydrate metabolism.

Zinc(Zn)
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 It is found at low levels in all tissues. It is stored in the liver 
and kidneys.

 It is the activator of some enzymes: Arginase, 
phosphoglucomutase, hexokinase, isocitric dehydrogenase, 
pyrophosphatase and various decarboxylases.

 It is concentrated in the mitochondria of the cell.

 Lack of manganese; Perosis in chickens and sterility in 
cattle.

Manganese (Mn)
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 In nature, it is found in various plants. In organism, it is 
found mostly in bones, less in liver and kidney.

 It also takes part in the structure of xanthine oxidase, 
which catalyzes the conversion of xanthine to uric acid 
(oxidation).

 Taking too little Mo with food increases Cu absorption and 
causes copper poisoning.

Molybdenum (Mo)
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 In nature, it is found in the earth.

 In organism, it is most in the teeth.
◦ In the days when teeth are formed, Drinking of waters 

containing 0.9-1.5 mg/L (0.9-1.5 ppm) fluorine keep tooth decay 
rate at the lowest level.

◦ In the same age, drinking water containing more than 1.5 mg/L
of fluorine causes the formation of faulty teeth.

 The excess of F is called Fluorosis.

Fluorine (F)
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Normal                        Fluorosis
Source: Fidancı
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 It takes part in glucose and lipid metabolism.

 Trivalent form (Cr3+) is the activator of insulin hormone. 
◦ Strengthens the effect, enhances the use of glucose from the cell. It

is involved in the structure of the glucose-tolerance factor (GTF).

 GTF enhances insulin action by increasing binding or 
affinity of insulin-specific receptors.

 It is thought that insulin resistance may develop depending on 
the deficiency. 
◦ Insulin can not regulate glucose without chromium.

Chromium (Cr)
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Selenium (Se)
 The basic biochemical function of selenium is 

that it is an essential part of the glutathione 
peroxidase (GSH-Px/GPx) which is responsible 
for the reduction of hydrogen peroxide (H2O2).

GSH-Px, which catalyses the abundance of 
organic peroxide (ROOH) reduction, has an 
important function in metabolism.
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 Selenium, a compulsory trace element for animals and 
humans, is obtained through plant materials.

 Some Important Selenoproteins are;
◦ Glutation peroxidases (GPx)
◦ Thioreductin reductase (TR)
◦ Iodothyronine deiodinase (ID)
◦ Selenoprotein P (SePP)
◦ Selenoprotein W (Se-W)

Selenium (Se)
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 Selenium is the essential component of the antioxidant 
defense system and its deficiency causes cardiovascular 
and immune system disorders; especially cardiomyopathy.

 There are also a number of publications that show a 
significant association with cancer development. 

Selenium (Se)
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 Selenium deficiency causes;
◦ White muscle disease in young ruminants, 
◦ Reproductive disorders, 
◦ Increase in Retention sekundinarum cases in dairy cows,
◦ Exudative diathesis in poultry and,
◦ Liver and pancreas necrosis.

 "Alkaline disease" is observed in selenium excess.

Selenium (Se)
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Source Fidancı Source Infobarrel

White Muscle Disease
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 It is found in nature, in sea water, on coastal land.

 It is localized in the thyroid gland.

 Its level decreases in case of Hypothyroidism.

 Its level increases in case of Hyperthyroidism, increased 
milk yield, increased egg yield.

Iodine (I)
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 The substances that prevent the iodine from entering the 
thyroid gland are called goitrogenic substances.

 In our country, especially in the Black Sea region 
consumed in excess amount of thiocyanates are found in 
abundance in these substances.

 In these regions, goitre, which is a thyroid gland disease, 
is very common.

Iodine (I)
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Which of the following is trace element?

a. Ca        

b. P          

c. Mg        

d. Na       

e. Se

Question
Answers: e
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Which disease occurs in the lamb due to selenium 
deficiency?

a. Hypothyroidism 

b. White muscle disease 

c. Exudative Diatez

d. Retention sekundinarium  

e. Hypocalcemia

Question
Answers: b
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Your 
questions?
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Next topic;

Carbohydrates-I
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