
  P a g e  | 536 

Received: 17 January 2023 Revised: 31 January 2023 Accepted: 16 February 2023 

DOI: 10.22034/ecc.2023.381964.1594 

  

 J. Med. Pharm. Chem. Res. 5 (2023) 536-555         

 
 

FULL PAPER 

Mineral and trace elements, dietary sources, 
biological effects, deficiency, and toxicity: a 
review 

Qais R. Lahhoba,b,c* |Ali Esmail Al-sanafd |Nidhal Y. Mohammede  |Hamed J. Abbasf   |Zahraa Jaber 
Ibrahimg |Murtadha K. Najima  |Zahraa Ali Malikh  |Zainab Kazem Budaiwii   |Zainab Haider Abdul-
Jabbarj  |Mustafa Jawad Kadhamk 

aRifai General Hospital, Dhi Qar Health 
Directorate, Iraqi Ministry of Health, Dhi Qar, 
Iraq 

bCollege of Pharmacy, National University of 
Science and Technology, Dhi Qar, Iraq 

cCollege of Health and Medical Technology, Al-
Ayen University, Dhi Qar, Iraq 

dDepartment of Pharmacology, College of 
Medicine, University of Thi-Qar, 64001, Iraq 

eMedical Laboratory Technology Dept., College 
of Health & Medical Technology, Southern 
Technical University, Basrah, Iraq 

fAl-Zahra’a Medical College, University of 
Basrah, Basra, Iraq 

gQalat Sukkar Sector of Primary Health Care, Dhi 
Qar Health Directorate, Iraqi Ministry of Health, 
Dhi Qar  

hFaiha Specialized Diabetes, Endocrine and 
Metabolism Center, University of Basrah, College 
of Medicine, Basra, Iraq  

iShatrah General Hospital, Dhi Qar Health 
Directorate, Iraqi Ministry of Health, Dhi Qar  

j15th Sha'ban Center, Al-Nasiriyah Sector One, 
Dhi Qar Health Directorate, Iraqi Ministry of 
Health, Dhi Qar  

kDepartment of Forensic Sciences, College of 
Medical Techniques, Al-Farahidi University, 
Baghdad, Iraq  

 

*Corresponding Author: 

Qais R. Lahhob  

 
Tel.: +9647711748404 

Minerals are inorganic substances present in the tissues and fluids 
of our bodies. They are divided into macro minerals (Ca, Mg, K, Na, 
Cl, P, and S) and microminerals (I, Zn, Si, Fe, Mn, Cu, Co, Mo, F, Cr, 
and B), which are important for health and should be consumed 
according to the needs of the organism. Essential minerals have 
well-characterized physiological functions within the body. The 
ability of the body to maintain the minerals content within a 
certain range despite varying intakes, involves the processes of 
absorption, storage, and excretion. Inappropriate intakes and/or 
elevated requirements result from a range of conditions, including 
disease, malabsorption, pregnancy, and excessive losses, lead to 
deficiency. A severe deficiency of an essential mineral can only be 
corrected by supplementation. This review provides some 
detailed information about dietary sources, biological effects, 
deficiency, and toxicity of minerals and trace elements. 
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Introduction 

Minerals are inorganic substances that, along 

with vitamins and other micronutrients, 

belong to those constituents in the human 

diet [1]. Trace elements are dietary minerals 

required in minute quantities for normal 

physiological function. They are mostly 

structural components of enzymes or 

cofactors whose roles include the prevention 

of nutritional deficiencies, immune functions, 

regulation of gene expression, antioxidant 

defense, and prevention of chronic diseases 

[2]. Deficiency of mineral elements can causes 
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impaired growth, development, or maturation 

such that procreation is prevented, the 

element is not generally considered essential 

unless it has a defined biochemical 

function [3]. 

Mineral  

Minerals are the soil's main source. These 

minerals in soil are absorbed selectively by 

plants and the food chain is transferred to 

people. Minerals have functional properties in 

food, which provide biological requirements, 

so these minerals are added to food to 

accomplish desires functional. Minerals have 

biologically important for biochemical 

processes and physiological processes. 

Approximately 25 metals are recognized as 

needed in the human diet [4]. The dietary 

minerals are categorized into two groups 

depending on the total amount of diet 

required. The first group is called macro 

minerals including magnesium, calcium, 

chloride, sodium, phosphorus, and potassium. 

The second group is called trace minerals 

include zinc, manganese, copper, selenium, 

iron, molybdenum, chromium, fluorine, 

iodine, and cobalt [4, 5]. 

Calcium 

Calcium (Ca2+) is considered as the most 

common mineral in the human body. Ca2+ as a 

mineral has been most commonly related to 

bone formation and metabolism. 

Approximately 99% of the Ca2+ was presented 

as hydroxyapatite calcium in the bones and 

teeth, while approximately 1% of Ca2+ was 

presented in extracellular and intracellular 

space [7]. Calcium is found in blood 

circulation, muscle, extracellular fluid, and 

other tissues and it is essential for the 

regulation of vasodilatation and vascular 

contraction, nerve transmission, muscle 

function, hormonal secretion, and 

intracellular signaling. Bone tissue acts as a 

reservoir and calcium source for these vital 

metabolic functions via the bone remodeling 

process [8]. Calcium was found in the blood in 

three forms (~50%) as ionized Ca2+, (~40%) 

as Ca2+ bound protein and less little of Ca2+ is 

linked with other molecules such as 

phosphate and citrate [7]. The mitochondria 

or endoplasmic reticulum (ER) and the 

lysosomes were the main organs that regulate 

cell death and survival. In fact, Ca2+ 

microdomains occur between them due to the 

activity of the numerous Ca2+ transporters 

located within these organelles, so 

intracellular Ca2+  signals in ER may control 

cell death and survival dichotomously because 

of these Ca2+ microdomains [9]. 

Dietary sources and absorption of calcium 

The main source of calcium intake is 

commonly correlated with dairy products 

(milk, cheese, and yogurt), it considered rich 

sources of Ca2+, cereals, are also typically 

approximately 30 mg per 100 g but can exceed 

180 mg per 100 g if they are fortified. Calcium 

is found particularly almonds, sesame, and 

chia, and also rich in nuts and seeds. The 

vegetables (broccoli, watercress, and kale) are 

also rich in calcium [10]. 

Intestinal Ca2+ absorption reflects the 

difference between absorption of the solutes 

and their secretion in the intestine lumen. 

Calcium intestinal absorption in humans, 

under normal conditions, accounts for around 

20% of calcium ingested; during growth this 

percentage is higher. Calcium absorption in 

the intestines relies on dietary intake, calcium 

transportation capability of the intestine wall, 

calcium bioavailability present in the 

intestinal lumen and secretory flow. Calcitriol 

mainly regulates intestinal calcium-active 

absorptive ability [11].  

The Ca2+ absorption is the strongest in the 

proximal small intestine (duodenum), 

regulated by TRPV6 (Transient Receptor 

Potential Vanilloid Subtype 6). Two elements 

of intestinal Ca2+ are absorption. Firstly, the 

active transport, transcellular and saturated 
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form, mainly based on the active form of 

vitamin D. The second, passive diffusion, 

paracellular and unsaturated form linearly 

linked to the diet Ca2+ charge, as depicted in 

Figure 1 [12]. Calcium preservation in the 

bone relies on the balance between bone 

mineralization and resorption. Calcium 

homeostasis in bones includes multiple 

Transient receptor potential (TRP) channels, 

such as 4, 5, or 6 of TRPV [13]. 

 

FIGURE 1 Intestinal Ca2+ absorption [14] 

Excretion and loss of calcium 

The activity of many hormones, especially the 

calcitonin, parathyroid hormone (PTH) and 

vitamin D, which are regulated of Ca2+ 

homeostasis in the blood. The Ca2+ 

homeostatic blood is control mainly by 

deposition in or out of the bone, also filtered of  

Ca2+ in kidney was according to Ca2+ 

requirements, Ca2+ plasma concentration, 

renal tubular function, and the availability of 

phosphorous to form microcrystalline 

appetite for infants growing [7]. In healthy 

individuals with a standard Ca2+ intake, the 

urinary calcium excretion is 0.1 to 0.4 grams 

per day. The renal calcium is filtered, 

reabsorbed, and excreted at various amounts 

and reabsorption is greater than 95% of the 

filtered load in all situations [15]. 

Deficiency and toxicity of calcium 

Causes  of calcium deficiency are various, may 

be due to vitamin D deficiency or resistance, 

hypoparathyroidism, PTH resistance 

(pseudohypoparathyroidism), 

hyperphosphatemia, medications, kidney 

disease, hypomagnesemia, human 

immunodeficiency virus, hungry bone 

syndrome, sepsis, critical illness, and acute 

pancreatitis [16]. Calcium is also deficiency in 

sickle cell anemia patients and thalassemia 

major patients when compared with the 

controls, in these cases, hypoparathyroidism 

and vitamin D deficiency are obviously 

significant causes of hypocalcaemia [17-20].  

The main causes of calcium toxicity are 

malignancy and hyperparathyroidism nearly 

90% of all cases of hypercalcemia, other 

causes of hypercalcemia which involve 

granulomatous infections, drugs (excess 

vitamin A and vitamin D intake), 

immobilization, endocrine (thyrotoxicosis), 

and  milk alkali (or called  calcium alkali) [16]. 

Phosphorus 

Phosphorous (P) is also a necessary mineral 

and cell membrane portion in the formation of 

a phospholipid matrix. Phosphorous is an 

essential component of the composition of 

RNA and DNA nucleic acids. Therefore, the 

combined unit of nucleic acids is composed of 

a sugar and phosphate molecule with 

nitrogenous bases. In addition to phosphorous 

function in the formation of nucleic acids and 

cell membranes, phosphorous is an important 

component of Adenosine Tri-Phosphate 

(ATP), it is responsible for energy of life. ATP 

is biochemically transformed to ADP 
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(Adenosine Di Phosphate) to produce 

phosphate component with sufficient energy 

for all cells, tissues and humans [5],[20]. 

Furthermore, phosphates responsible for pH 

changes or control, phosphates switch 

through extracellular, intracellular, and 

skeletal compartments to regulated acid-

based buffer to help preserve plasma and 

urine pH with a narrow range [21]. The third-

most common anion in the body is inorganic 

phosphate (Pi), representing around 1% of the 

overall body mass. About 85% of the total Pi is 

contained in the bone in apatite form to share 

architecture of the bone. Approximately 15% 

are contained in soft tissues, while in the blood 

stream pool just 1% is quick 

exchangeable [12]. 

Dietary sources and absorption of phosphorus 

The most significant known dietary sources of 

P are milk or milk product and cereal (grains) 

as well as cereal products and meat or meat 

products. There are two forms of P were 

available (organic and inorganic), the 

inorganic phosphates may be added through 

food processing to increase P 

intake [22]. Nutritional phosphate in the small 

intestine is absorbed by two methods active 

and passive mechanisms, the passive 

component's still unknown in molecular 

identification. The active mechanisms of 

phosphate primarily depends on expression  

and activity  NaPi-IIb (sodium-dependent 

phosphate cotransporter), as illustrated in 

Figure 2 [23], the P absorption that is largely 

regulated by varies factors such as vitamin D3,  

fibroblast growth factor, parathyroid 

hormone, and dietary phosphate [24]. 

 

  FIGURE 2 Transport of phosphate across enterocytes [23] 
 

Excretion and losses of phosphorus 

The excretion of phosphorus in the kidney 

relies on the balance between reabsorption 

and filtration. P reabsorption by filtration 

tubular occurs predominantly in the proximal 

tubule (PT) in which at least 3 different Na-

driven Pi transporters (NaPi-IIa, NaPi-IIc, and 

PiT2) which facilitate the reabsorption of P in 

the kidney [25]. There are three hormones 

which regulate the Pi serum are PTH,  FGF-23 

with its a-Klotho coreceptor, and 

Calcitriol [12]. 

Deficiency and toxicity of phosphorus 

The most popular causes of 

hypophosphatemia are poor intakes of 

phosphate, elevated excretion of phosphate, 

and the change from extracellular phosphate 

to intracellular space with a broad variety of 

genetic deformities, that lead to defect in 

cotransporters of sodium phosphate such as 
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Fanconi's syndrome, disease that induces 

hypophosphatemia,  proximal tubules 

acidosis, and renal lack of glucose, 

bicarbonate, phosphate, and amino acids that 

occurs due to effect in proximal renal tubule 

which is hereditary or secondary reasons [26]. 

X-linked hypophosphatemic rickets (XLHR), 

also called vitamin D rickets, are autosomal 

dominant hypophosphatemic rickets. XLHR is 

characterized by loss of phosphate by renal 

causing developmental disorder, 

osteomalacia, and rickets [27].  

Chronic kidney disease (CKD) is typical 

with hyperphosphatemia. 

Hyperphosphatemia is often considered the 

"silent killer" because of its dramatic effect on 

blood vessel calcifications, and 

hyperphosphatemia explains the complex 

occurrence with mineral and bone disorders, 

together with a low levels of Ca 2+, decreased 

of vitamin D levels and calcitriol [28]. 

Moreover, there are other causes of a high 

levels of phosphate are enemas that contain P 

and vitamin D, renal excretion decrease (due 

to hypoparathyroidism, kidney disease, renal 

resistance to PTH), immobilization (excess 

bone resorption), sieving extracellular (tumor 

degeneration syndrome, acidosis, and 

rhabdomyolysis) [29]. Hyperphosphatemia is 

also common in haemoglobinopathy patients 

(thalassemia and sickle cell anaemia). 

Hyperphosphatemia occurs due to 

hypoparathyroidism which causes higher 

phosphorus and lower calcium levels, this 

state is considered as one of the complications 

that occur in the second decade [18, 20, 30-

32]. 

Magnesium  

Magnesium (Mg) is the third abundant amount 

of minerals in human body. Approximately 

1/3 of Mg is linked to plasma proteins in the 

blood and the remaining 2/3 is filtered by the 

renal. Magnesium concentration in serum 

does not reflect the amount of biologically 

active fraction of ionized Mg, so the 

concentration of magnesium in RBCs is 

considered as a better indicator of Mg amount 

in the tissues [7]. 

Magnesium is essential in protein synthesis, 

release of muscle storage energy, and body 

temperature regulation. Likewise, Mg is 

important for bone formation and proper 

heart function. Mg stimulates over 100 

enzymes [33]. 

Magnesium is an important mineral in 

many physiological processes including the 

metabolism of fat and carbohydrates for 

energy production. Metabolic energy is 

contained in an adenosine triphosphate (ATP) 

compound. Many cell functions use ATP-

compound magnesium ion that called Mg-ATP. 

The energy source for metabolic processes 

that trigger muscle contraction is often Mg-

ATP. Each function, from eye blink to 

heartbeat, uses chemical energy such as Mg-

ATP for electric contraction. Mg-ATP further 

acts in cell signalling, which controls the 

activation and inhibition of biochemical 

pathways. Mg-ATP is converted into the 

second messenger of the cell cyclic AMP 

(cAMP). The second messengers induce 

development, proliferation, and decay in 

cells [5]. 

Dietary sources and absorption of magnesium 

Magnesium is widely distributed in plant and 

animal foods and in beverages. Green leafy 

vegetables, such as spinach, legumes, nuts, 

seeds, and whole grains are good sources, 

depending on the medication, dietary matrix, 

enhancing, and inhibiting factors, the 

bioavailability of Mg2+ is differs. Dietary 

influences that inhibit Mg2+ uptake include 

large concentrations of other nutrients, 

partially oxalate,  phytate, fermentable fibers 

(hemicellulose) and no fermentable fibers 

(lignin or cellulose), while magnesium uptake 

is improved by medium-chain triglycerides or 

by proteins or by small- or indigestible 

carbohydrates (inulin, lactulose 

oligosaccharides, and mannitol) [34]. 
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Mg2+ is absorbed in the small bowel. In 

colon, it is absorbed in lesser amounts. 

Absorption of intestinal magnesium occurs 

through two separate transport pathways, as 

demonstrated in Figure 3. The first transport 

pathway is mediated by TRPM6 (Transient 

Receptor Potential, Subfamily M, 6), which is 

active transporter saturated transcellular 

pathway. The second transport pathways are 

an unsaturated paracellular channel, linearly 

increasing with increasing concentrations of 

intraluminal magnesium. Hypomagnesemia 

may be accompanied by secondary low levels 

of calcium patients, which can correct for the 

TRPM6 impairment by enhancing the passive 

paracellular absorption of sufficient oral 

magnesium consumption [35]. 

 

FIGURE 3 Intestinal magnesium absorption [35] 

Excretion and losses of magnesium 

Management of homeostasis of magnesium 

body resides mainly in the kidney. In the 

glomeruli, about 80 percent of total serum 

magnesium is removed. Then, 95%-97% of 

filtering magnesium is reabsorbed along the 

kidney tubule, so that three to five percent of 

filtered magnesium is eventually excreted in 

the urine under physiological, 

normomagnesemia conditions. The proximal 

tubule also absorbs 15-20 per cent of filtered 

Mg2+. Most of the extracted Mg2+ (~70 

percent) is reabsorbed in Henle's loop's thick 

ascending limb (TAL) [35]. 

Deficiency and toxicity of magnesium 

Deficiency of magnesium is rare in people who 

eat a balanced diet. Individuals with diseases 

like alcoholism or diabetes can therefore be at 

risk for Mg2+ deficiency. High blood 

magnesium conditions can impact blood 

pressure. The Institute of Medicine's Food and 

Nutrition Board sets the upper limit for Mg2+ 

supplementation at 350 mg per day[5]. 

Gitelman syndrome, a main renal salt wasting 

disease with an average incidence of around 

1:40,000, is the most severe hereditary 

condition involving magnesium retention. 

SLC12A3 recessive mutations encoding NaCl 

cotransporter NCCT are the causes of 

Gitelman syndrome. Patients that used 

cisplatin drug in regularly show lower Mg2+ 

levels [35]. Magnesium deficiency is shown in 

the haemoglobinopathies in sickle cell anemia 

patients and thalassemia major patients when 

compared with the controls may be due to the 

low level of magnesium caused by 

hypoparathyroidism [17],[18],[20],[32]. 

Trace elements 

Trace elements are inorganic substances 

found along with vitamins and other 

micronutrients that belong to those 

constituents in the human diet, human body 

needed in very small account [1]. Trace 

elements play a significant role as primary co-

factors for enzymes in cellular metabolism and 

maintenance of homeostasis; some trace 

elements are essential components of 

enzymes and other proteins. Concentrations 

of trace elements within cells and plasma are 

Blood 
Lumen 
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regulated by absorption of element by the 

gastrointestinal tract (GIT) and excretion of 

element by the renal and the gastrointestinal 

tract (GIT) [36]. Many diseases, including 

breast cancer, thalassemia, sickle cell anemia 

acute leukemia, and diabetes have shown 

significant differences in trace elements levels. 

Various biological samples such as hair, nails, 

tissue, and body fluids (saliva, urine and 

blood) have been evaluated for the levels of 

trace elements [37]. 

Iron 

Iron (Fe) is an essential component needed to 

develop antioxidants to fight reactive oxygen 

species (R0S). Catalase is an enzyme based on 

the iron, which is located in the cell 

peroxisome that catalyzes Hydrogen peroxide 

(H2O2) into oxygen (O2), and water (H2O).  Iron 

is also needed to generate the microbiocidal 

hypochlorite acids, where iron deficiency has 

been observed to reduce average 

concentrations of blood T cells in blood 

stream [38].  

There are two forms that iron found in the 

body the first is primarily found as heme iron, 

which is responsible for transport of O2 in 

hemoglobin, the second is found as non-heme 

iron, is primarily a part of several mineral 

proteins with specific functions in metabolic, 

such as the electron transfer, regulate of 

transcription, catalytic enzymes, and so 

forth [39]. 

Dietary source and absorption of iron    

There are two different sources that give the 

two main forms of iron (heme iron and non 

heme iron); one animal source, the 

hemoglobin and myoglobin of meat give heme 

iron form.  Other  plant source give Non-heme 

iron, mainly in ferric form (Fe+3), which comes 

from vegetable foods [40]. The duodenum and 

upper jejunum specialize in the rapid 

transportation both of iron (heme or non 

heme), and quick movement to bloodstream 

through the lumen. Absorption of heme iron is 

mediated by the Heme Carrier Protein 

1(HCP1), which is relevant to intracellular 

breakdown by Heme Oxygenase (HO1) to 

release iron into bowel cells. Within the 

duodenum, the non-heme iron is converted by 

compounds such as ascorbic acid into the 

ferrous form. Soluble ferric iron is also first 

reduced by Duodenal Cytochrome B (Dcyt B) 

before being taken up by intestinal cells 

through the Divalet-Metal Transporter-

1(DMT-1) and is likely connected to peptides, 

organic acids, or amino acids. The ferrous iron 

is transported through ferroportin 1 (FPN1) 

and its hephaestine oxidation (HEPH), and 

then reach blood circulation at the basolateral 

membrane. Old erythrocytes are phagocyted 

via CD91/CD163 by macrophages, which are 

degraded to release iron in lysosomal 

compartments, which are then excreted via 

DMT1 into the cytosol. The iron is transported 

from the macrophage to the bloodstream 

through ferroportin 1 [41]. In the 

bloodstream, ferric iron is bonded to 

transferrin (Tf) and transferred to the target 

tissues, the bone marrow, muscle, and hepatic 

through transferrin receptor (TfR) as shown 

in Figure 4. When iron stores are sufficient, 

hepcidin released from the liver into the blood 

to inhibit ferroportin facilitated iron transfer 

from small intestine cells and other tissues 

associated in  iron mobilization [42].  
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FIGURE 4 Iron absorption and homeostasis [43] 

Presence of ascorbic acid in the intestinal, 

amino acids, and succinate lead to increase 

absorption of iron whereas the substance 

oxalates, phytates, and tannates lead to 

decrease  absorption of iron [39,44].  

The excretion and loss of iron 

There is really no iron excretion mechanism, 

iron loss through bleeding, exfoliation 

mucosal cells, skin, urine, and sweat. Iron 

imbalances occur if the intakes are not 

matched with losses. Iron deficiency happens 

if there is insufficient dietary iron or when 

increased demand due to newborns and young 

adult growth spurts and pregnancy is 

compensated by simultaneous amplification 

of intestinal iron absorption [42,45]. 

Deficiency and toxicity of iron 

If mild Iron deficiency is asymptomatic due to 

the mechanisms besides compensating are 

established (increase heart rate and 

hemoglobin efficiency are needed to keep 

oxygen supply adequate for tissue demands). 

While severe iron deficiency causes anemia 

called Iron deficiency anemia, in the iron 

deficiency anemia showed ferritin level < 30 

ng/mL, saturation of transferrin < 20%, and 

low of MCV and MCH. The most common Iron 

deficiency anemia is caused by nutritional 

disorder, another causes that lead to iron 

deficiency are pregnancy, parturition, 

menstruation, lactation, chronic bleeding from 

GIT, peptic ulceration, hemorrhoids, and 

gastric ulceration [44]. 

Primary Hemochromatosis, either 

inherited or acquired, represents the iron 

toxicity in human. Hemochromatosis is causes 

that exceed ferritin and transferrin ability, 

demonstrates its redox toxicity and causes 

oxidative damage primarily to organs storage 

of Fe such as the liver and organs with high 

mitochondrial activity. Chronic hepatotoxicity 
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occasionally progresses to fibrosis and 

cirrhosis, and also may be cause Heart failure 

and various endocrinopathies, arthritis, skin 

pigmentation and arthralgia. Hereditary 

hemochromatosis (HH) is a genetic disease of 

autosomal recessive disorder that causes 

increased absorption of iron, mainly through 

suppression of the pathway of hepcidin. 

Secondary hemochromatosis generally caused 

by blood transfusion such as thalassemia 

disease, sickle cell disease, and 

myelodysplastic syndrome, which cause iron 

increase due to the repeated red blood cell 

transfusion [39], also show that  Iron status in 

thalassemia major patients are show increase 

due to the patient needing blood transfusion 

as therapy to keep their level of Hb sufficient. 

Patients lack an active mechanism for 

excreting iron excess and repeated blood 

transfusions lead to an iron overload. Excess 

transfusional iron is accumulated as free iron 

in the liver, heart, and other organs, that can 

contribute to organ failure and damage over 

time [32],[46],[47]. 

Zinc 

Zinc (Zn) is after iron the second most 

common nutrient in human body. The free 

form of zinc is present in the body as Zn+2. Zinc 

is a critical component in the development of 

more than 2700 human body enzymes[48]. 

Serum zinc represents approximately 0.1 

percent of the entire body zinc, so it does not 

really reflect body zinc status. Even so, it 

demonstrated excellent association with total 

body zinc shift and was commonly used in 

medical care after evaluate the zinc 

status [39]. Nearly 95 percent of zinc in the 

body resides in intracellular compartments. 

Zinc is firmly bound in cells with 

metalloprotein as a structure component or 

with metal enzymes as cofactor. Homeostasis 

of zinc cellular is controlled by 

metallothionein’s (MT). Zinc has an essential 

role in (bone, cartilage, and muscle) 

development, immune cell proliferation and 

maturation, wound repair, hair growth, signal 

transductor activation in postsynaptic 

neurons, regulation of oxidative stress, and 

regulate gene expression [48,49].  

Zinc has a significant function in the field of 

cellular immunity. Inflammatory cytokines 

formed by activated monocytes and 

macrophages that release ROS are tumor 

necrosis factor- alpha (TNF-alpha) and IL-1ß. 

An impact of zinc supplementation in health 

adult is a decrease in the generation of 

oxidative stress associated with products 4-

hydroxyalkenals, malondialdehyde, and 8-

hydroxydeoxyguanine, also IL-1β and TNF- 

alpha [38].    

Dietary source and absorption of zinc   

The good animal source of zinc is found 

seafood, especially red meats, oysters, pork, 

molluscs, poultry, and dairy products. Plants 

are insufficient sources of zinc. Zinc is linked 

with nucleic acid and amino acids in diet. 

Before Zn absorption in small intestine and 

the main site is Jejunum required 

Hydrochloric acid, nuclease, and protease to 

release zinc from food [50]. 

Factors known to influence zinc absorption 

include the quantity and type of zinc eaten; 

dietary promoters such as animal protein and 

organic compounds with low molecular 

weight; dietary inhibitors such as alcohol 

intake, phytate, and probably iron and calcium 

when ingested as supplements; physiological 

conditions such as breastfeeding, gestation, 

early infancy, and tissue repair, so all of which 

raise the demand for absorbed zinc [51]. In the 

human body no storage system for Zn [52].  

Excretion and loss of zinc   

The digestive tract, particularly small intestine 

and the pancreas, plays an important role in 

keeping zinc homeostasis in the whole body. 

Expression of Zn transporter is an essential 

component of homeostatic control, involving 

control of zinc absorption by the small bowel 



P a g e  | 545  Q.R. Lahhob et al.  
  

and zinc excretion by both the pancreas and 

the small bowel.  There are 16 Zn transporters 

have been identified in pancreas and the small 

bowel. There are two families of Zn 

transporters (ZIP and ZnT proteins), ZIP 

proteins carry zinc from the extracellular 

space and intracellular organs to the 

cytoplasm while ZnT proteins carry zinc from 

the intracellular zinc to the extracellular space 

[51]. Zinc, which is excreted by pancreatic 

secretions and Dietary zinc, is absorbed by ZIP 

4 on the apical surface of the enterocyte and 

transferred by ZnT1 to blood stream. Plasma 

zinc link to albumin or in free form is absorbed 

by the hepatic, bone marrow, testis, heart, 

renal, skeletal, and skin tissues, as displayed in 

Figure 5.  

Zinc is lost by urine, feces, sweat, and 

semen, the amount of znic in fecal excretion to 

which the body's zinc level is responsive [42]. 

 

FIGURE 5 Zinc absorption and homeostasis [53] 

Deficiency and toxicity of zinc   

Zinc deficiency is becoming a public health 

problem which can be caused by inadequate 

food intake, increased requirements, 

decreased of absorption, increased loss, 

decreased utilization, and genetic disorder 

[51]. 

There are two forms of zinc deficiency 

occur, the first is acquired zinc deficiency 

caused by inadequate food intake or other 

causes mention up, the second genetic 

disorder Zinc deficiency such as 

acrodermatitis enteropathy. Acrodermatitis 

enteropathy disease is an autosomal recessive 

result from defect in the gene responsible for 

absorption of zinc in intestinal. Zinc deficiency 

affects the immune system, development of 

neurobehavioral, reproductive function, and 

physical growth. Signs and symptoms of znic 

deficiency are diarrhea, hypogonadism, short 

stature with defect in development, skin 

disorders, cognitive dysfunction, anorexia, 

impaired smell and taste, change of bacterial 

infections, and wound healing [54]. 

In Previous study on the 

haemoglobinopathies, it was found that zinc 

status is  decease in haemoglobinopathy 

patients thalassemia major and sickle cell 

disease,  zinc deficiency may cause by  food  

insufficiency of zinc or caused by that  patients 

take up  deferoxamine dose without 

adjustment for each patient [20,47]. During 

childhood, zinc toxicity was rarely recorded. 

Signs and symptoms of zinc toxicity are 

diarrhea, vomiting, nausea, headaches, and 

poor appetite. The increase in the zinc 

availability fortified foods and increased zinc 

supplementation may cause zinc toxicity [54]. 
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Copper 

Copper (Cu) is essential trace element in 

human body. Human requires only trace 

amounts, and contains about 100 mg of Cu 

[55]. Copper will now be essential for energy 

production processes such as Cytochrome 

oxidase operation that improves ATP produce 

in the mitochondrial. Cu plays a major role, as 

well as iron and selenium, in the protection of 

cells against reactive oxygen species, like the 

superoxide dismutase which converts the 

superoxide radical (O2-) into water and 

hydrogen peroxide [38]. Cu has important role 

as Co-factor for enzymes involved in various 

fundamental processes including 

angiogenesis, neuropeptide signaling, oxygen 

transport, iron metabolism, antioxidant 

defense, immune function, and energy 

production [3]. 

Dietary source and absorption of copper 

Copper-rich animal sources include the liver, 

shellfish, and nuts. Copper plant sources 

include bread, nuts, cereals, dried fruits, and 

legumes. Copper amounts in the foods are 

largely dependent on soil copper levels, local 

use of copper-compounding pesticides / 

feticides, and industrial process release of 

copper [55,56]. 

Gastric acidity was thought to improve 

solubility of copper because the copper is 

interaction with some ions for uptake in 

stomach. The factor that effect on absorption 

of copper by enterocytes are dietary protein, 

phytate, ascorbic acid, fiber, and L-amino 

acids [57]. 

The absorption of copper commonly occurs 

in the proximal part of the small intestine, in 

which it is transferred through the portal vein 

to the liver [55]. The copper absorption by the 

intestine is saturable. Luminal copper is 

reduced to the cuprous (Cu+) form by a 

cytochrome B reductase1 enzymes before to 

transport [57]. In blood stream, 

approximately 75% of Cu is absorbed by the 

liver in the portal vein, where it is 

incorporated into the ceruloplasmin and 

resecreted again to blood circulation, while 

other amount of Cu about 25% which do not 

undergo a hepatic cycle is reached directly 

into circulation when linked to albumin and 

α2-macroglobulin [36,39]. 

Excretion and loss of copper 

The main excretion route for copper is the bile 

duct. The copper production in hepatocytes 

occurs via the copper transfer of hepatocyte to 

the bile, P1B type ATPase (ATP7B). Copper in 

feces contains products not consumed from 

the beginning, excreted by the liver and other 

intestinal secretions. ATP7B disorder induces 

harmful hepatic copping and certain tissues in 

which elevated ATP7B, for example, are 

generally expressed in the brain [39]. 

Deficiency and toxicity of copper 

There are two forms of copper deficiency 

occur, the first is acquired copper deficiency 

caused by insufficient stores (preterm and 

infants), insufficient intakes, physiological 

condition (pregnancy or lactation), 

malabsorption, diabetes, and alcoholism. The 

second form caused by genetic disease such as 

Menkes’ Disease (MS), aceruloplasminemia, 

and zinc-induced myeloneuropathy. [56], [58]. 

Menkes disease, also named “kinky” hair 

syndrome, occurs approximately in 

1/100,000 live births, MS is inherited X-linked 

condition that caused by mutations in Cu 

transporter ATP7A gene that lead to  the low 

serum copper concentration, effect of copper 

dependent enzymes, premature mortality, and  

infantile neurodegeneration [59]. 

Wilson's disease is an autosomal recessive 

condition triggered by ATP7B gene mutations. 

This gene primarily codes a copper 

transporter from liver to bile also copper 

transporter to the Golgi network in the cell. 

Approximately, there are 500 mutations have 

been identified in ATP7B gene. The effected of 
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Wilson disease range from  moderate serum 

aminotransferase defects  to chronic or acute 

hepatitis, liver failure, and cirrhosis, also 

copper accumulation in the brain, which 

triggered other neurological problems 

primarily because of mitochondrial damage 

correlated with oxidative stress [60]. 

Copper status of sickle cell disease (SCD) 

and thalassemia patients were significantly 

increased [20,32,61]. 

Selenium 

Selenium (Se) is an important trace element 

with global human health significance. Diet is 

the main source of Se and its intake depends 

on its concentration in sources of food and the 

quantity of those sources consumed. The 

sufficient Se intake for adult females and 

males has been calculated to be 55 and 70 

mg/day, respectively [62]. Selenium is an 

important product of ~25 selenoproteins in 

humans where it is an integral part. It has 

functions in the immune system, oxidative 

stress responses, DNA synthesis, cell signaling, 

and regulation of thyroid hormone 

metabolism [39,63].  

There are 25 genes associated with 

selenoproteins in the human genome. 

Glutathione peroxidases (GPxs) is enzyme 

selenoprotein present in several cells that can 

catalyze hydroperoxides and defend the cells 

from ROS [39]. Selenocysteine is an amino acid 

at the active site for GPxs, GPx stopping H2O2 

mediated hemoglobin oxidation which is  

dependent on the Se presence [38]. 

Dietary source and absorption of selenium          

The animal source of selenium is found as 

selenocysteine and selenomethionine 

particular, Selenocysteine is the most 

dominates in origin animal. The plant source 

of selenium is found as inorganic compounds 

selenates that are converted into organic 

forms later. The diet contains varying levels of 

selenium which relies on the position of plants 

and animals [64]. 

When consumed selenium compounds are 

primary absorbed in duodenum and little 

amounts are absorbed by jejunum and ileum, 

also stomach and rumen may be absorption of 

selenium compounds. The absorption of 

selenium compounds are greatly affected by 

chemical form so the absorption was not 

under homeostatic regulation of selenium 

such as selenite is absorbed through the 

brush-bound membranes by passive diffusion 

whereas selenate is less affinity to the brush-

bound membranes. Selenate is absorption by 

a sodium cotransport system which is often 

associated for sulfate. Selenium, in the form of 

selenomethionine, selenoamino acids, and 

selenocysteine, is transported by effective 

amino acid transport pathways and is more 

bioactive than selenite or selenate [65]. 

Excretion and loss of selenium 

The hepatic and renal and kidney are 

produced selenium metabolites, but the major 

pathway of excretion is by urine in the form of 

methylated selenosugars. Selenium is often 

exhaled in the form of dimethydselenide in 

high selenium intake subjects [39]. 

Deficiency and toxicity of selenium 

Excess selenium and deficiency is associated 

with the human health risks [66]. The low 

levels of selenium were possibly caused in the 

affected area by low soil selenium level, 

causing poor selenium content in regional 

maize and rice. The Keshan disease (deficiency 

selenium) is named after the endemic area, 

Heilongjiang province's Keshan County. 

Keshan disease has been described by cardiac 

arrhythmia, cardiogenic shock, cardiomegaly, 

and heart failure; other complication may be 

cartilage abnormalities, young joint deformity 

and osteoarthritis. In addition, the Keshan 

disease was caused by selenium deficiency. 

Other possible hypothesis showed that 
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coetiologic Keshan disease were viral 

infection and vitamin E deficiency [39]. 

Toxicity to selenium in livestock digesting 

food and water was recognized in elevated-

selenium soil regions. Chronic poisoning is 

characterized by hair loss, emaciation, joint 

erosion, loss of hoofs, cirrhosis, and cardiac 

atrophyand anemia. Selenium toxicity or 

called selenosis in humans has been noted in 

areas of the world with elevated selenium 

with in soil, resulting in increased of selenium 

in plants, and food [3]. 

In Previous study on the 

hemoglobinopathies, it was found that 

selenium status is  deceased in 

haemoglobinopathy patients of thalassemia 

major and sickle cell disease, selenium  

deficiency may be caused by  food  

insufficiency of selenium or by  oxidant 

damage due to increased resting oxygen 

consumption and circulating pro-oxidative 

free hemoglobin [67,69]. 

Manganese 

The fifth most abundant element on earth is 

manganese (Mn). It is ubiquity in the 

environment, and is found in water, air, food, 

and soil.  It is an essential trace element which 

is well established for humans and domestic 

animals [70]. Mn is a mineral which is used by 

the body as an enzyme cofactor in glucose 

metabolism [5]. It is also one of the important 

heavy metals essential for normal growth and 

metabolism. Mn is involved in a variety of 

biological processes that act as a cofactor for 

numerous enzymes including hydrolyses 

(superoxide dismutase), pyruvate 

carboxylase, arginase, transfers (sugar 

transferases), isomerases, ligases, lyases, and 

oxidoreductases [71,72]. When exposed to 

hydrogen peroxide, manganese is much less 

sensitive than iron for the toxic chemistry of 

Fenton, Manganese can function as an 

antioxidant, rather than promoting reactive 

oxygen toxicity. Therefore, manganese is 

essential for formation of bone, carbohydrate 

and lipid metabolism, as well as in controlling 

blood sugar [72]. 

Dietary source and absorption of manganese          

The plant is good sources for manganese such 

as grain cereals and all types of nuts, tea, 

legumes, beans, almonds, chickpeas, and 

coffee  (Filippini et al., 2018). The animal 

source is food content minimal. The material 

such as phytic acid, oxalic acid, and tannins 

abundant in plant source foods can prevent 

Mn's absorption.  Those dietary factors should 

be taken into consideration when analyzing 

Mn consumption [74]. 

Manganese is absorbed through diffusion in 

small bowel mucous cells, but the rate of 

absorption is very poor at 1–5 % of Mn 

consumption [74]. 

Absorption of Mn happens primarily in the 

small intestine (duodenum). Mn is absorbed 

through divalent metal-ion transporter-1 

(DMT-1) through enterocytes; following 

absorption manganese is then transferred to 

the liver, where it reaches the bloodstream for 

serum transfer to the other tissues. Some 

plasma manganese is in the β1-microglobulin 

and albumin complexes, whereas a small 

amount of manganese plasma is oxidized to 

Mn3+ and bound to transferrin [72].  

Excretion and loss of manganese 

Manganese levels in the body are strictly 

regulated by intestinal absorption and 

hepatobiliary metal secretion throughout the 

gastrointestinal tract, so the organs that 

control the level of manganese are intestinal 

and liver [71]. The amount of Mn consumption 

and its interactions with other nutrients can 

effect on absorption and excretion 

process [74]. 

Deficiency and toxicity of manganese 

The human deficiency of manganese is very 

rare, since the demands are very limited, and 



P a g e  | 549  Q.R. Lahhob et al.  
  

the dietary manganese deficiency has not been 

reported because of its ubiquity [75,76]. 

Human toxicity of manganese has been 

reported in the welders, ferroalloy workers, 

battery manufacturers, and occupational 

exposure in miners. In the basal ganglia, 

excess Mn mostly accrues, particularly the 

global pallidus which causes a distinctive 

extrapyramidal syndrome known as 

manganism. The symptoms of toxicity of 

manganese are cognitive and psychological 

disorders accompanied by motion disability 

similar to Parkinson's disease with limb 

rigidity, dystonia and a wide-stepping gait 

feature [71]. The serum manganese 

concentration was significantly elevated in the 

sickle cell patients and thalassemia major, this 

elevation of Mn may be associated with iron 

overload [20,52,67]. 

Chromium 

Chromium (Cr) is an important mineral which 

show to have beneficial effects in the control 

of insulin action and enhancing lipid and 

carbohydrate metabolism. Previous studies 

appear lower levels of chromium of individual 

with type 2 diabetes than individual without 

type 2 diabetes. Insulin resistance is a 

common factor within a cluster of risk factors 

for cardiovascular disease. Chromium 

picolinate (CrPic) was shown to minimize 

resistance to insulin and reduce the risk for 

type 2 diabetes and cardiovascular 

disease [77]. 

Dietary source and absorption of chromium 

In food sources, chromium is mainly 

determined by its quantity in regional water 

and soil. The primary source of human 

chromium intake comes from pollution 

throughout food preparation, using cookware 

and machinery made from stainless steel. Just 

a small proportion of chromium is absorbed, 

and the rest is excreted with in feces [78].  A 

sufficient intake of chromium for males and 

females is established at 35 and 25 mg/day, 

respectively. The chromium absorbed is 

transferred by protein transferrin to the tissue 

in which it binds to chromodulin 

(oligopeptide) made up of glutamine, glycine, 

aspartate, and cysteine. In vitro, chromodulin 

helps to stimulate tyrosine kinase activity of 

the insulin receptor by enhancing insulin 

signaling, and consequently increase cell 

glucose inflow. It is not known if that same 

mechanism exists in vivo [39]. 

Excretion and loss of chromium 

Chromium excreted by the kidneys in the form 

of chromodulin. Chromodulin is the major 

form of chromium.  The loss of urinary 

chromium under the influence of insulin has 

been found, it was suggested to raise the risk 

of chromium deficiency in diseases with the 

persistent high level of insulin. However, some 

research has found no variance in urinary 

chromium excretion between patients with 

diabetes mellitus and individual healthy 

controls to support the theory [39]. 

Deficiency and toxicity 

Chromium deficiency may lead to causes 

reversible insulin resistance, diabetes, 

elevated blood triglycerides, and cholesterol. 

Chromium deficiency can be seen in 

individuals with very limited diets or those 

with severe malnutrition [79]. In the sickle 

cell, anemia patients have chromium 

deficiency [32,67]. As with other 

minerals, chromium toxicity may result from 

the over-supplementation [80].                     

Cobalt 

Cobalt (Co) metal ions are generally spread 

trace elements in nature [81]. Cobalt is a key 

constituent of vitamin B12 and is essential for 

hemoglobin synthesis. Cobalt is a silvery gray, 

rigid, and metal element ductile. The chemical 

properties of cobalt are largely similar to 

nickel (Ni) and iron (Fe). Cobalt compounds 
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mainly occur in two valence states [cobaltous 

(Co2+) and cobaltic (Co3+)], the Co2+ was the 

most environmentally and commercially 

available[36].  

Dietary source and absorption of cobalt 

The main source of food that rich in cobalt 

include nuts, fish, leafy green vegetables 

(spinach and broccoli), and cereals (oats) [36]. 

The consumption of cobalt in humans is highly 

variable and has been noted to be between 5 

and 50 μg/day. Most of the Co that humans 

consume is inorganic. The GI absorption of Co 

compounds in different individuals has been 

reported to be between 5 and 45%. The 

amount of cobalt administered and the 

nutritional factors affect absorption and/or 

excretion of Co. There is limited information 

on the respiratory tract absorption in humans 

of inhaled cobalt materials [82].  

Excretion and losses of cobalt 

Cobalt is closely linked to albumin and 

excreted easily and quickly in the urine. The 

amount of cobalt excretion is determined by 

the amount of Co given [80]. 

Deficiency and toxicity of cobalt 

Nutritional deficiency is rare, but more 

recently, cobalt toxicity has occurred from 

metal emissions such as artificial hips that 

lead to neurological symptoms 

(incoordination, hand tremor, cognitive 

decline, vertigo, depression, visual changes, 

and hearing loss). Likewise, another 

symptoms that show in cobalt toxicity are 

endocrine (hypothyroidism) symptoms, 

cardiac (cardiomyopathy and arrhythmias), 

and polycythemia [36].         

Conclusion 

Minerals and trace elements are naturally 

occurred in minute concentrations in soil, 

plant, and animals. The optimal 

concentrations of minerals and trace elements 

are essential for normal functioning of our 

systems. However, deficiency of any minerals 

and trace elements can cause wide range of 

functions disorders, while excess levels of 

minerals or elements result in damage to 

certain organs. The current review highlighted 

the absorption, the basic biology, function and 

health effect, deficiency and toxicity of 

minerals, and trace elements. 
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