Part 8  Minerals
Introduction

· Minerals are inorganic (do not contain Carbon) 
· 1.Classifications 
Major Minerals: essential mineral nutrients found in the human body in amounts larger than 5 grams (≥1/10000). 
Trace Elements: essential minerals found in the human body in less than 5 grams (≤1/10000). 
· These include all the nutritionally important chemical elements obtained from the macronutrients excluding C, H, N, O and S. They are considered essential in that if their source of exposure were removed, there would be a consistent and reproducible impairment of some physiological activity.

· Minerals are found in many different chemical forms, known as species and these include complexes, chelates and free ions (especially group 1 and 17 elements). Free ions are highly water soluble and so are easily absorbed by our bodies. They tend to have low affinities for other ligands.

· Minerals are essentially indestructible since they are not affected by heat, light, oxidizing agents or extremes in pH, but they may be extracted from food by leaching or physical separation such as in the milling of cereals including rice.

· 2. Function of Minerals
· part of the rigid body structure; bone is Ca3(PO4) and Mg.

· part of soft body tissue; K+ controls the pH of intracellular fluids and helps maintain the osmotic pressure within the cell. Phosphates are concerned with energy release in cells.

· part of body fluids (fluids outside of cells); Na+ and Cl- are present as ions and preserve the electrolyte balance in our bodies. If there are large amounts of salt in our diets, the concentration of it will increase in the blood. To restore the original concentration, blood is filtered through the kidneys and the ions pass out of the body through the urine. The pH of blood is 7.4 and this is maintained by a carbonate/ bicarbonate buffer system that involves phosphates and proteins. 
· 3. FACTORS INFLUENCING BIOAVAILABILITY OF MINERALS
· The bioavailability of a mineral may be influenced by a variety of factors:

· 1.The chemical form will determine how readily our bodies absorb the mineral. A highly stable chelate form would be poorly absorbed compared to free ions that are readily absorbed. Phytate and oxalate, found in some foods, reduce the absorption of calcium, iron and zinc. Iodine absorption may be hindered by nitrates.           But, ligands that form soluble chelates with metals will enhance absorption.           In contrast, iron absorption may be increased when vitamin C is consumed during the same meal.

· 2. In high concentrations, some minerals may actually inhibit the absorption of another mineral. The absorption of iron is inhibited by high concentrations of calcium, and too much iron itself may lead to poor zinc absorption.

· 3. Requirement, The amount of a mineral people actually absorb can vary, and will depend upon their own needs, and how much they already have of that nutrient in the body. 

· Minerals are fairly stable in normal food processing conditions. 

· Calcium
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· What is Calcium & Why you need it. 
Calcium is the mineral in your body that makes up your bones and keeps them strong. Ninety-nine percent of the calcium in your body is stored in your bones and teeth. The remaining 1% is found in the blood and some nerve cells and is essential for nerve conduction, muscle contraction and blood clotting. As these functions keep you alive minute to minute, the amount of calcium in the blood must remain at a steady level
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· How to get Calcium 
There are only two ways you can get this essential 1% of circulating calcium: 
· From the calcium in your diet   

· From the calcium in your bone 

· It is mainly calcium in your diet that spares, or protects, the calcium in your bones. In addition to their structural role, your bones are your emergency supply of calcium. Your body actually tears down and builds bone all of the time in order to make its calcium available for your body’s functions. If you don’t get enough calcium from the food you eat, your body automatically takes the calcium you need from your bones. If your body continues to tear down more bone than it replaces over a period of years to get calcium, your bones become weak and break easily. This leads to the crippling bone disease called "osteoporosis."
Osteoporosis
· Osteoporosis is a common feature of aging. Loss of bone starts in women at the time of the menopause and in men at about age 55 and leads to an increase in painful, disabling fractures骨折in both sexes. About 40% percent of women and 13% of men will suffer a bone fracture due to osteoporosis in their lifetime. 
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A comparison of normal bone (left) and a bone with osteoporosis (right) 

· About 25 million American women have some degree of osteoporosis; the disease will affect one-third to one-half of post-menopausal women, and 5 million American men suffer from osteoporosis.

· Peak bone density occurs around the age of 25 and therefore generous calcium intake in the early 20s is critical. Adequate calcium in the 30s, 40s, and 50s and beyond is also important in maintaining strong bones. 

· Using supplements in addition to calcium-containing foods can help ensure adequate calcium intake. 
What is your Calcium Need? 
In 1990, 3/4 of the calcium in our diet came from dairy products. The other quarter was fairly evenly distributed in all the other foods. Foods that contain small amounts of calcium, but are not considered good sources, can contribute significant amounts of calcium to an individual's diet if these foods are eaten often or in large amounts. 
Why Calcium
Sources of Calcium
       The NICHD recommends milk and other dairy products as a primary source of calcium. In addition, a variety of other foods are excellent sources of calcium as well. Dark green, leafy vegetables and foods with added calcium can be healthy ways to get enough calcium. By eating a wide variety of foods with calcium, you can help make sure to get the calcium you need each day. 

Physical Activity and Bones
In addition to a calcium-rich diet, physical activity is also very important for building healthy bones. Physical activity is one way you tell your bones that they need to be strong. Just like exercising your muscles can make them grow bigger, exercising your bones makes them work harder, which helps them to build up bone mass. And building bone mass as a child or teenager is especially important because this is when our bones are growing the most. Studies have even shown that long periods of time with little or no physical activity can result in a loss of bone mass, putting people at risk for osteoporosis or broken bones.
· Weight-bearing activity, such as walking or running, is one of the best forms of physical activity for bones because it makes your bones work harder. A weight-bearing physical activity is one in which your feet and legs carry your weight. The impact of this weight on your muscles helps build stronger bones.
       How much physical activity is enough? In 1996, the U.S. Surgeon General recommended that everyone age two or older participate in at least 30 minutes of moderate physical activity on most, preferably all, days. In 2000, the U.S. Department of Agriculture published its Dietary Guidelines for Americans (DGA), which also suggests that adults get at least 30 minutes of moderate physical activity every day. Most small children expend enough energy just from playing and do not necessarily need additional physical activity. 
· But physical fitness is a healthy lifetime habit that should begin in childhood. For this reason, the DGA also recommends that children over the age of two get 60 minutes of moderate physical activity on most, preferably all, days for the greatest health benefit. 


 HYPERLINK "http://www.nichd.nih.gov/milk/whycal/exercises.cfm" \t "_blank" Weight-bearing activities for children and teens. And make sure you, warm-up before doing any activity to prevent injury. Be sure that you consult a doctor or health care professional before starting any physical activity program.
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· According to recent USDA surveys, average calcium intakes for women and younger men are below their RDA. The average calcium intake by women 20 to 29 years of age was about 778 milligrams per day, and the intake by women 30 to 50 years of age was about 719 milligrams. Average calcium intake by men 20 to 29 years of age was 1075 milligrams. 
· Do we get enough calcium?
Calcium absorption is dependent upon the needs of the body to calcium, the foods eaten, and the amount of calcium in the foods eaten.
Vitamin D, whether from diet or exposure to the ultraviolet light of the sun, increases calcium absorption. 

Calcium absorption tends to decrease with increased age for both men and women. 

· How Much Do We Need?
How much calcium do we need? The recommended level of calcium for adults age 19 through 50 years is 1000 milligrams per day . An intake of 1200 milligrams of calcium per day is recommended for those age 51 years and older . In other countries, calcium recommendations are lower, as low as 600 milligrams daily for adults 
· Average Intake of Calcium in the Typical American Diet 
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The "Other foods" category includes eggs (1.7%), fats and oils (0.1%), sugars and sweeteners (0.8%), and miscellaneous foods (2.6%). 

· How to prepare foods to retain calcium
Calcium is lost in cooking some foods even under the best conditions. To retain calcium: 
· Cook foods in a minimal amount of water. 

· Cook for the shortest possible time. 

Where Do You Fit? 

      The Dietary Reference Intakes below were released by the National Academy of Sciences Institute of Medicine in August 1997 -- the Adequate Intake value for different populations are: 
	 Age Group 
	Dietary Reference Intakes (DRI) 

	 0 - 6 months 
	 210 mg/day 

	 6 - 12 months 
	 270 mg/day 

	 1 - 3 years 
	 500 mg/day 

	 4 - 8 years 
	 800 mg/day 

	 9 - 18 years 
	 1,300 mg/day 

	 Adults 19 - 50 years 
	 1,000 mg/day 

	 Adults 51+ years *
	 1,200 mg/day 


· What about fortified foods?
Some foods, such as orange juice, bread, and ready-to-eat cereals, are not normally good sources of calcium but may have had calcium added. Most instant-prepared 速溶的, 方便的cereals are fortified with calcium. Since these products vary in the amount of calcium provided. 

· What the research says: 
Studies suggest that calcium supplements, if taken regularly, help prevent osteoporosis by reducing bone loss. The question is how much calcium you need to achieve this. Although the RDA for calcium is 1,200 mg a day for adults age 51 or older, some experts believe that some people may need more than that. They recommend calcium in doses of 1,500 mg a day for men over age 65 and postmenopausal women not taking estrogen雌激素replacement therapy. 
If you don't get enough calcium in your diet, consider taking a supplement. You may even experience some side benefits. For example, a 1998 study found that women who took 1,200 mg a day of chewable calcium carbonate reduced the physical and psychological symptoms of premenstrual syndrome (PMS) by 20 percent more than those taking a placebo 安慰剂. In addition, a 14-year study of 86,000 women found that those who had a relatively high intake of calcium, whether through diet or use of supplements, had a reduced risk of stroke. 

· Cautions 
Don't take calcium if you have sarcoidosis肉状瘤病, — an immune system disorder — or a high blood-calcium level. See your doctor before taking calcium if you have kidney disease, chronic constipation, colitis, diarrhea, stomach or intestinal bleeding, irregular heartbeat or heart problems. If you're pregnant or breast-feeding, don't take calcium in doses greater than the RDA for pregnant or breast-feeding women. However, if you don't get enough calcium in your diet, ask your doctor whether calcium supplements are right for you. 
· Side effects 
People who take certain forms of calcium supplements may experience constipation and headache. Serious side effects include confusion, muscle or bone pain, nausea, vomiting and a slow or irregular heartbeat.
· The Influence of Excessive Protein
Calcium needs appear to be influenced by both protein and sodium intakes. High protein diets seem to markedly increase the amount of calcium lost from the body every day . In fact, when young adults had a protein intake of 48 grams per day (slightly lower than the current RDA) they had no net loss of calcium, even though the amount of calcium in their diet was as low as 500 milligrams daily . 
It has been estimated that for every gram of protein consumed, calcium losses in urine increase by about 1 milligram . Because we only absorb about 10% of the calcium which we eat, this means that for every gram of protein, we would need to take in 10 extra milligrams to make up for urine losses  
It is much more likely that protein intakes will be excessive on a meat-based diet or a diet high in dairy products as shown in Table 2. In addition, it appears that soy protein, even at high levels, does not increase calcium excretion, the same way that protein from animal sources does . Diets which are too low in protein (around 44 grams a day) also appear to have a negative effect on calcium status .Sodium also increases calcium losses with 5 to 10 milligrams of calcium lost with each gram of salt eaten . 
Calcium requirements for those on lower protein, plant based diets may be somewhat lower than requirements for those eating a higher protein, flesh肉-based diet. However, it is important for vegans严格的素食主义者to regularly eat foods high in calcium and/or use a calcium supplement. 
· Calcium Supplements
The calcium supplements on the market use a variety of chemical forms of calcium. Some are more efficiently absorbed than others, and some contain more elemental, or raw calcium than do others. The table below shows how much actual calcium some common supplements contain.
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· Note 
When purchasing calcium supplements, be aware of the following.
Chewable calcium tablets and calcium powders and solutions may be more easily absorbed than hard, compressed calcium tablets. Look for "USP" on the supplement's label to ensure that the tablet will dissolve as it should after being swallowed.

Be aware that calcium supplements made from bone meal or dolomite白云石may contain toxic substances such as lead, mercury and arsenic. It's unclear if the levels are a cause for concern, though, as a variety of natural foods also contain these substances. 

Your body's ability to absorb calcium from supplements is best at 500 mg elemental (available) calcium or less per dose. Taking doses of more than 500 mg won't harm you, but doing so won't necessarily provide you any extra benefit. The label usually tells you how much of the calcium is elemental. If you take an iron supplement, don't take it at the same time as your calcium supplement. Calcium can interfere with the absorption of iron. For best results, take calcium carbonate supplements with a meal. 
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· 1. Introduction
Iron is the vital element in life. The major scientific and medical interest in iron is as an essential metal. But the toxicological considerations are important in term of the accidental acute exposure and chronic iron overload. The disposition of iron in human body is regulated by a complex mechanism to maintain homeostasis.

Iron concentration in body tissue must be tightly regulated because excessive iron leads to tissue damage, as a result of  formation of free radical. It has capacity to accept and donate electrons readily. The content of body iron is regulated primarily by absorption since humans have no physiological mechanism by which excessive iron is excreted . 
2. History background of the research
· In the 18 century, man had researches on the nutritional function of iron,and proved it to be the blood’s main ingredient.
· In 1892, Bunge described baby are prone to倾于...lacking iron. In 1928, Mackay proved the lacking of iron is the main cause of prevalent in  anemia in western London.

· In 1932, Castle and his colleagues verified iron can be used to compose haemoglobin.
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Iron is the 26th element in  periodic table. The molecular weigh is 55.85, which is the fourth most common element except oxygen, aluminium, Silicon in solid state, it has two forms: metal and compound;  in dissolve state, it is in form of oxide: bivalent and trivalent ion. Iron transform between the two forms, which is one of characteristics and make catalysis in redox reaction by accepting and donating electrons.

· 3. DISTRIBUTION
Iron account for about 0.1 percent of the mineral elements in the body and the total amount of the iron in the body of a healthy adult is only about 4g. From the study of Ray Yip (2001) the total amount of iron in body are 3.8g for men and 2.3g for women, 2/3 of which is functional .
DISTRIBUTION
· Over half of this is found in the red blood cells in the pigment haemoglobin which transports oxygen from the lungs to the tissues.]
· A small proportion of the iron in the body is present in the muscle protein myoglobin肌球素; some cell enzymes, such as the cytochromes, also contain iron. The remainder of the iron in the body is  stored in the liver, spleen and bone marrow in the form of  specialized iron-binding proteins called ferritin铁蛋白and hemosiderin血黄铁质.

Function
Here we refer to the physiological function. because the form of iron in body is as compounds, we discuss it according to different compounds
· In the form of haemoglobin it is critical to transport oxygen from lung to tissue and carbon dioxide from tissues to lungs. Hemoglobin also has a mild buffering function in maintaining the pH of the blood.

· In the form of myglobin  its basic function is  to transport and storage oxygen in muscle.

· Cell pigment: it is a serial of compound containing heme (亚铁血红素).

· An important part of enzymes needed in the oxidation reactions to release energy in the cells.

Iron Metabolism
· Once iron is taken with food , it will go though a serial changes:
   absorption  

   transport

   storage

   renewal and loss

Normal Iron Metabolism
· A well-balanced diet contains sufficient iron to meet body requirements. About 10% of the normal 10 to 20 mg of dietary iron is absorbed each day, and this is sufficient to balance the 1 to 2 mg daily losses from desquamation脱落of epithelia. 
· Greater iron utilization via growth in childhood, greater iron loss with minor hemorrhages出血, menstruation月经in women, and greater need for iron in pregnancy will increase the efficiency of dietary iron absorption to 20%. 

Absorption
· Iron is mainly absorbed in the duodenum and upper jejunum. A transporter protein called divalent metal transporter 1 (DMT1) facilitates transfer of iron across the intestinal epithelial cells. DMT1 also facilitates uptake of other trace metals, both essential (manganese, copper, cobalt, zinc) and toxicity (cadmium, lead). Absorbed iron is bound in the bloodstream by the glycoprotein named transferrin铁传递蛋白. Normally, about 20 to 45% of transferrin binding sites are filled (the percent saturation) with iron. 
· About 0.1% of total body iron is circulating in bound form to transferrin. Most absorbed iron is utilized in bone marrow for erythropoiesis 红血球生成. Membrane receptors on erythroid precursors in the bone marrow avidly bind transferrin. The trace elements cobalt and manganese are also absorbed and transported via the same mechanisms as iron.
Iron absorption is regulated by three mechanisms:
· Dietary regulator: a short-term increase in dietary iron is not absorbed as the mucosal cells have accumulated iron and "block" additional uptake.
· Stores regulator: as body iron stores fall, the mucosa is signalled to moderately increase absorption.

· Erythropoietic红血球生成的regulator: in response to anemia the erythroid cells will signal the mucosa to increase iron absorption more significantly.

Storage
· Iron is initially stored as ferritin, but ferritin can be incorporated by phagolysosomes吞噬溶酶体 to hemosiderin血黄铁质. There are about 2 gm of iron in the adult female, and up to 6 gm iron in the adult male. About 1.5 to 2 gm of this total is found in red blood cells as heme in hemoglobin, and 0.5 to 1 gm occur as storage iron, with the remainder in myoglobin and in enzymes that require iron.
Storage iron occurs in two forms:
· Ferritin铁蛋白
· Hemosiderin

About 10 to 20% of absorbed iron goes into

a storage pool, which is also being recycled 

into erythropoiesis, so there is a balance of 

storage and use.

What affects iron absorption?
· Iron absorption refers to the amount of dietary iron that your body obtains from food. Healthy adults absorb about 15% of the iron in their diet, but your actual absorption is influenced by your body’s iron stores, the type of iron in the diet, and by other dietary factors that either help or hinder iron absorption.
What affects iron absorption?
· The greatest influence on iron absorption is the amount stored in your body. Iron absorption significantly increases when body stores are low. When iron stores are high, absorption decreases to help protect against iron overload .

What affects iron absorption?
· Absorption of heme iron is very efficient and not significantly affected by the composition of your diet. Only 1% to 7% of the nonheme iron in vegetable staples such as rice, maize, black beans, soybeans and wheat is absorbed when consumed as a single food . However, dietary factors can significantly improve nonheme iron absorption. Meat proteins and vitamin C will improve the absorption of nonheme iron . 
What affects iron absorption?
· Diets that include a minimum of 5 servings of fruits and vegetables daily, as recommended by the Food Guide Pyramid, should provide plenty of vitamin C to boost nonheme iron absorption. 
· Calcium, polyphenols and tannins found in tea, and phytates, which are a component of plant foods such as legumes, rice and grains, can decrease the absorption of nonheme iron (1,11-15). Some proteins found in soybeans also inhibit nonheme iron absorption (1,16). Most healthy individuals can maintain normal iron stores when the diet provides a wide variety of foods as suggested by the Food Guide Pyramid. 

What affects iron absorption?
· It is most important to include foods that enhance nonheme iron absorption when total daily iron intake does not meet the RDA, when iron losses are exceptionally high, or when no heme iron is usually consumed. 
Deficiency and overload
When can iron deficiency occur? The World Health Organization considers iron deficiency the number one nutritional disorder in the world. It affects more than 30% of the world’s population. When your need for iron increases or a loss of iron from bleeding exceeds your dietary iron intake, a negative iron balance may occur. Initially this results in iron depletion, in which the storage form of iron is decreased while blood hemoglobin level remains normal. Iron deficiency occurs when blood and storage levels of iron are low, and the blood hemoglobin level falls below normal.

· Iron deficiency anemia may result from a low dietary intake, inadequate intestinal absorption, excessive blood loss, and/or increased needs . Women of childbearing age, pregnant women, older infants and toddlers, and teenage girls are at greatest risk of developing iron deficiency anemia because they have the greatest needs 
· Individuals with renal failure肾衰竭, especially those receiving dialysis, are at high risk for developing iron deficiency anemia. This is because their kidneys cannot create enough erythropoietin (促)红细胞生成素, a hormone needed to make red blood cells. Iron and erythropoietin can also be lost with blood during dialysis, which can result in an iron deficiency. Extra iron and erythropoietin are usually needed to help prevent iron deficiency in these individuals.
· Iron deficiency could also be caused by low vitamin A status. Vitamin A helps to mobilize iron from its storage sites, so a deficiency of vitamin A limits the body’s ability to use stored iron. This results in an “apparent” iron deficiency because hemoglobin levels are low, even though the body can maintain normal amounts of stored iron (27,28). While uncommon in the U.S., this problem is seen in developing countries where vitamin A deficiency often occurs. 
· Signs of iron deficiency anemia include feeling tired and weak, decreased work and school performance, slow cognitive and social development during childhood, difficulty maintaining body temperature, and decreased immune function, which may decrease resistance to infection. During pregnancy, iron deficiency is associated with increased risk of premature deliveries早产, giving birth to infants with low birth weight, and maternal complication母性的并发症. 
Overload
· Iron Poisoning: 
   Acute iron poisoning is mainly seen in children. A single 300 mg tablet of ferrous sulfate will contain 60 mg of elemental iron. Toxicity producing gastrointestinal symptoms, including vomiting and diarrhea, occurs with ingestion of 20 mg of elemental iron per kg of body weight. If enough iron is ingested and absorbed, about 60 mg per kg body weight, systemic toxicity occurs. Toxicity results when free iron not bound to transferrin appears in the blood. This free iron can damage blood vessels and produce vasodilation血管舒张with increased vascular permeability, leading to hypotension and metabolic acidosis. 

Overload
In addition, excessive iron damages mitochondria and causes lipid peroxidation, manifest mainly as renal and hepatic damage.
· Early signs of iron poisoning include vomiting and diarrhea, fever, hyperglycemia, and leukocytosis白细胞增多. Later signs include hypotension, metabolic acidosis, lethargy无生气, seizures, and coma昏迷. Hyperbilirubinemia and elevated liver enzymes suggest liver injury, while proteinuria蛋白尿and appearance of tubular cells in urine suggest renal injury. 

· Chronic Iron Overload: This can occur in patients who receive multiple transfusions输液for anemias caused by anything other than blood loss. Patients with congenital先天的anemias may require numerous transfusions for many years. Each unit of blood has 250 mg of iron. 
· Ineffective Erythropoiesis: Increased iron absorption can occur in certain types of anemia in which there is destruction of erythroid cells within the marrow, not peripheral destruction. This phenomenon signals the erythroid regulator to continually call for more iron absorption. These conditions include: thalassemias, congenital dyserythropoietic anemias, and sideroblastic铁粒幼红细胞anemias. 
Dietary Resource of Iron
· The main dietary sources of iron are meat, bread, and other cereal products, potatoes and vegetables. In some areas water may take a small contribution. However,even the richest dietary sources of iron contain only very small amounts of the element. Lamb’s liver, the richest resources, contains only about one part of iron in 10000.
Dietary Resource of Iron
· Bread and other cereal-based foods: about 40 percent of the total iron intake 
·  Meat and vegetables each provide about 20 percent  

·  eggs about five percent . 

· Iron is one of  the mineral elements which may be lacking  in an average diet and for this reason it is added to all flour in Britain, except whole meal flour, so that its iron content is at less 1.65mg/100g. Unfortunately , however , studies have shown that most of the iron added to flour passes through the body unabsorbed

	Food
	Iron content  

(mg/100g)
	Food
	Iron content  

(mg/100g)

	Liver,lambs,
	10.9
	Eggs,boiled
	   2.0

	Kidney,pigs
	9.1
	Bread,white
	1.7

	Flour,wholemeal
	4.0
	Baked beans
	1.4

	Spinach,boiled
	4.0
	Cod ,fried
	0.5

	Oats,porridge
	3.8
	Cabbage,boiled
	0.4

	Beef,cooked
	3.0
	Potatoes,boiled
	0.4

	Sardines,canned
	2.9
	Cheese,cheddar
	0.4

	Bread,brown or wholemeal
	2.5
	apples
	0.3

	Flour,72%extract-ion
	2.2
	milk
	0.1


What is the Recommended Dietary Allowance for Iron 
· The Recommended Dietary Allowance (RDA) is the daily dietary intake level that is sufficient to meet the nutrient requirements of nearly all (97-98%) healthy individuals in each life-stage and gender group . 
	Age
	 Infants, Children
	   Males
	Females
	Pregnancy
	Lactation

	7 to 12 months 
	11 mg
	 
	 
	 
	 

	1 to 3 years 
	7 mg
	 
	 
	 
	 

	4 to 8years
	10 mg
	 
	 
	 
	 

	9 to 13 years
	 
	8 mg
	8 mg
	 
	 

	14-18 years
	 
	11 mg
	15 mg
	27 mg
	10 mg

	19-50years
	 
	8 mg
	18 mg
	27 mg
	9 mg

	51+ years 
	 
	8 mg
	 8 mg
	 
	 


Zinc

Distribution In The Body
· muscle tissue 
· bones

· eyes

· prostate gland

· testes睾丸

· skin and kidneys

More than half of the body's zinc supply is found in muscle tissue. This mineral is also found in other parts of the body, which include the bones, eyes, prostate gland, testes, skin and kidneys.
Physiological Functions 
· Cofactor
· Bolsters Immunity
· Boosts Brain Activity of Children
· Heals and Protects Skin
· Stimulates Taste, Smell and Mood
Zinc has numerous functions in the body.
· (1) This mineral serves as a cofactor for over 100 
   enzymes in the body, especially those involved 
   with the metabolism of protein, carbohydrate, 
   fat and alcohol. Transport of vitamin A
· (2) Bolsters Immunity
Zinc helps regulate the production of cells in the body's immune system, which protect against infection and some cancers. Zinc acts as a critical ingredient to immune cell function, assisting in cell division and growth. And as a component in thymic胸腺的hormone, zinc serves to control the maturation of Lymphocytes. In many elderly individuals, immunity decreases, making them more susceptible to disease. Providing adequate zinc-and a balanced diet- has been shown to help decrease their rate of infectious diseases. There is also evidence that zinc deficiency is implicated in deteriorating vision that comes with aging.
· (3) Boosts Brain Activity of Children 
Zinc also is imperative for proper learning, and task and behavioral performance in children. Found in vesicles囊of the mossy生苔的fiber system of the brain's hippocampus, zinc interacts with other chemicals to send messages to the sensory brain center, enhancing memory and thinking skills. Research has shown that zinc deprivation causes poor growth and maturation of the cerebellum小脑and impairs the development of brain cells, which may contribute to learning disorders or emotional and behavior problems. Other studies have shown that zinc deprivation has a significant effect on cognitive function, resulting in learning impairments and deficits in working visual memory. 
· Heals and Protects Skin
Zinc is essential for healthy skin. As a drying agent and astringent收敛性的, zinc oxide has been used for generations to soothe diaper rash尿疹and relieve itching痒的. And zinc is a natural sun screen, protecting chapped lips and skin from the sun's harmful rays. Zinc sulfate is effective in treating some cases of acne粉刺." And in a water-based solution, zinc sulfate helps remedy cold sore 唇疱疹. Zinc also improves healing of wounds, like surgical incisions, burns and other skin irritations. Used as an anti-inflammatory, zinc soothes缓和或减轻skin and skin tissue. Poison ivy 毒葛, sunburn, blisters and gum disease are all improved when treated with zinc. It is even a natural insect repellent杀虫剂And zinc stimulates the transport of Vitamin A from the liver to the skin, helping to protect body tissue from damage. 
· (5) Stimulates Taste, Smell and Mood
Zinc activates areas of the brain that receive and process information from taste and smell sensors. Its importance to appetite was first demonstrated in 1972 when researchers showed taste disorders responded to zinc supplementation. Levels of zinc in plasma and zinc's effect on other nutrients, like copper and manganese, were found to influence appetite and taste preference.
Factors Affecting Availability
(1) Since minerals may compete for absorption sites in the intestine, excess intakes of iron or copper can adversely interfere with zinc absorption.
(2) Phytate, fiber found in grains and other fiber-rich foods, binds zinc and reduces absorption, as can alcohol.

(3) The body absorbs 15-40% of dietary zinc, depending on the body's requirement for this mineral

(4) Calcium, phosphorus, vitamin A, C. Vitamin D increases absorption.

Food Sources
The best sources of zinc are lean red meats and seafoods -  especially oysters. Other sources include cereals and rice, beans, cheese, and nuts - including peanut butter. Although phytates and fiber found in unprocessed grains inhibit the bioavailability of zinc, whole grains are still a better source of zinc than that found in refined grains (e.g. white bread). Whole grain yeast breads enhance the absorption of zinc by producing enzymes that destroy phytates. Zinc from meat products, on the other hand, is four times more bioavailable than that found in fibrous grain foods. The body best absorbs smaller amounts of zinc at one time.

Deficiencies
Many of the features of common chronic disorders, especially connective结缔tissue disorders, are identical to the symptoms of zinc deficiencies.
Deficiencies
· Decreased appetite
· Growth failure in children

· Delayed development of sex organs

· Reduced immune function

· Poor wound healing

Excess
Too much zinc can cause gastrointestinal irritation (upset stomach), interfere with copper absorption and cause copper deficiency, and (like too little zinc) cause immune deficiency. According to the National Academy of Sciences, the Recommended Dietary Allowances of zinc are 12 milligrams per day for women and 10 milligrams per day for men. 
Magnesium
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Function of Magnesium
· Magnesium is necessary for the proper function of over 300 enzymes essential for actions such as the transmission of nerve impulses, muscle contraction and the heart beat. 

· Magnesium is required for protein synthesis and for releasing energy from the body's carbohydrate stores in the liver. 

· Magnesium also helps in bone building and in the release of energy from food. 
· A limited amount of scientific research suggests that normal amounts of magnesium may...

· Protect you from heart disease. 
· Help lower high blood pressure. 

· Help relieve migraines. 偏头痛

· Strengthen exercising muscles and increase endurance. 

· Help prevent recurrent kidney stones. 

· Work with calcium to protect against postmenopausal bone loss. 
· Claims have been made that magnesium can alleviate

· insomnia, 
· anxiety, 

· depression,

· irritability, 

· muscle tremors, 震动, 颤动
· weakness, 
· fatigue, 

· poor memory, 

· water retention 

· premenstrual经期前的 syndrome. 

However, scientific support for these claims is lacking at the present time.

If I don't get enough/Deficiency?

· Magnesium deficiency can lead to loss of appetite, confusion, diarrhea, nausea, vomiting, tremors and even uncontrolled muscle contractions. 

· Even a marginal deficiency can contribute to cardiac rhythm abnormalities. Although magnesium deficiency is rare, some population groups may be at high risk for developing magnesium deficiencies. 

· Deficient Groups include:

· Those who take diuretics 利尿剂
· Those undergoing cancer chemotherapy 

· Those taking digitalis drugs洋地黄

· Those taking antibiotics 

· Heavy drinkers 

· Those who have had a heart attack 

· Those who have kidney problems 

· Diabetics 
But if you have kidney or heart problems, do not take Mg supplements without consulting a qualified physician. In addition, large doses of Mg have potentially toxic and even lethal effects. 

Magnesium Sources

· Magnesium is widely available in fruits, leafy vegetables, grain products, Legumes, chocolate, mineral water and shellfish.

·  Normally healthy people can easily get adequate magnesium from ordinary foods
Recommended Intakes --RDAs: 

· 350 mg/day for adult males over age 18 

· 280 mg for females over age 18 

· 20 mg for adult females - pregnant 

· 355 mg for females lactating 0-6 months

· 340 mg for females lactating 6 months+

· 400 mg for males ages 15-18

· 300 mg for females ages 15-18 

· 270 mg for males ages 11-14

· 280 mg for females ages 11-14

· 170 mg for children ages 7-10

· 120 mg for children ages 4-6

· 80 mg for children ages 1-3 

· 60 mg for infants ages 0.5-1.0

· 40 mg for infants ages 0-0.5 

Manganese 
· Manganese is an essential trace mineral in animal nutrition and is believed to be an essential trace mineral in human nutrition

Manganese Deficiency

· Dietary manganese-deficiency in animals results in a wide variety of structural and physiological defects, including growth retardation, skeletal and cartilage malformations, impaired reproductive function, congenital ataxia共济失调due to abnormal inner ear development, optic nerve abnormalities, impaired insulin metabolism and abnormal glucose tolerance, alterations in lipoprotein metabolism and an impaired oxidant defense system.

· Manganese deficiency states have not been well documented in humans. There is one report of a man maintained for four months on a manganese-deficient diet and also given magnesium-containing antacids. The symptoms which occurred included a decrease in serum cholesterol, depressed growth of hair and nails, scaly有鳞的dermatitis皮炎, weight loss, reddening of his black hair and beard and impaired blood clotting. In another report, men fed a low-manganese diet manifested low serum cholesterol levels and dermatitis. Short-term manganese supplementation did not reverse these symptoms. 
· In still another report, young women fed a manganese-poor diet were found to have mildly abnormal glucose tolerance and increased menstrual losses of manganese, calcium, iron and total hemoglobin. 

· Finally a child on long-term total parenteral nutrition (TPN) lacking manganese manifested bone demineralization and impaired growth that were corrected by supplementation with manganese.

Function
· Manganese is the preferred metal cofactor for glycosyltransferases. Glycosyltransferases are important in the synthesis of glycoproteins and glycosaminoglycans粘多糖(GAGs or mucopolysaccharides). Glycoproteins are involved in the synthesis of myelin and the clotting factors, among other things. Manganese-containing metalloenzymes include manganese superoxide dismutase, the principal antioxidant enzyme of mitochondria, arginase, pyruvate丙酮酸盐carboxylase and glutamine synthetase. 
Antioxidant activity of Mn

· Manganese may have antioxidant activity. Manganese has putative anti-osteoporotic and anti-arthritic activities.

· MECHANISM OF ACTION
· Manganese ions have been found to scavenge hydroxyl and superoxide radicals. The mechanism of binding of manganese ions to these reactive oxygen species is not known. Manganese is a crucial component of the metalloenzyme manganese superoxide dismutase (MnSOD). MnSOD is found in mitochondria and is the principal constituent of the mitochondrial oxidant defense system. Rats and mice fed manganese-deficient diets are found to have reduced MnSOD activity in heart muscle and nervous tissue. They also have mitochondrial abnormalities and pathological changes in these tissues. The pathological changes are thought to result from oxidative damage due to the decreased activity of MnSOD which normally would protect against this damage.
· Dietary manganese deficiency results in skeletal and cartilage malformations in animals and in one human report. It is thought that this is due to decreased activity of the manganese-dependent glycosyltransferases which, among other things, are involved in the synthesis of glycosaminoglycans or GAGs. GAGs are crucial for healthy cartilage and bone. However, there is as yet only very preliminary evidence that supplemental manganese has any effect on the promotion of bone or cartilage formation in humans who are not manganese-deficient. One study reported that manganese when taken in combination with calcium, copper and zinc may improve bone mineral density in postmenopausal women with osteoporosis.

Sources
· The richest dietary sources of manganese include whole grains, nuts, leafy vegetables and teas. Manganese is concentrated in the bran of grains which is removed during processing. 

· Mean intakes of manganese worldwide range from 0.52 to 10.8 milligrams daily. 
ADVERSE REACTIONS
Oral manganese supplements are generally well tolerated. Oral manganese, however, may be neurotoxic in those with liver failure. Manganese is primarily eliminated via the biliary route, and hepatic dysfunction leads to depressed manganese excretion. Manganese may accumulate in the basal ganglia神经中枢of those with liver failure and may exacerbate恶化hepatic encephalopathy and/or cause Parkinson‘s disease-like symptoms.  

· Manganese is toxic under certain conditions. Hepatic failure was discussed above. Mine workers exposed to high concentrations of manganese dust develop what is known in the mining villages of northern Chile, where this disorder has been found, as "locura manganica" or manganese madness. In later stages of this disease, symptoms similar to those of Parkinson's disease are observed. Levodopa is the treatment of the later stages of manganese madness.
· There are a few reports of manganese intoxication occurring in those on long-term total parenteral nutrition (TPN) who developed parkinsonism which was treated with levodopa.

· Recommendation
· The Food and Nutrition Board of the U.S. National Academy of Sciences has recommended the following estimated safe and adequate daily dietary intake (ESADDI) values for manganese:

· Age (years)                            ESADDI (milligrams)
· 0 to 0.5                                        0.3 to 0.6

· 0.5 to 1                                        0.6 to 1.0

· 1 to 3                                           1.0 to 1.5

· 4 to 6                                           1.5 to 2.0

· 7 to 10                                         2.0 to 3.0

· 11 to 18                                       2.0 to 5.0

· Adults                                         2.0 to 5.0

Selenium

[image: image10]
Function
· Selenium is required for the activation of an enzyme called glutathione peroxidase. This enzyme is an antioxidant that quenches hydroperoxides, "high energy“ oxygen - containing molecules that are produced during the metabolism of fat and that are highly toxic to cells. Recent research showed that selenium could reduce the severity of some cancers. This is thought to be due to selenium inducing ”apoptosis (自溶)" (programmed cell death) in cancer cells.

· Selenium is also involved in a healthy immune system and proper thyroid function. 

· What to look for in a selenium supplement

· Selenomethionine is the principal form of selenium found in foods. Selenomethionine is virtually 100% absorbed and well retained as compared to inorganic selenium, which is rapidly excreted. 

· Yeast preparations can be produced to contain substantial amounts of selenomethionine suitable for selenium supplements. 

· Some manufacturers mechanically mix sodium selenite or selenium dioxide, with ordinary yeasts. These yeast products contain virtually no selenomethionine. The selenium in these yeasts is significantly less bioavailable than selenomethionine. Studies have shown that such yeast products produce only small increases in blood selenium concentrations. 

· Other artificially selenized yeasts contain sodium selenate, which is not normally present in foods. A study found that selenate was less effective than selenomethionine to correct a deficiency. 

· Recommended Intakes 
RDAs: 
70 µg/day for adult males 
55 µg for adult females 
65 µg for adult females - pregnant 
75 µg for adult females - lactation 
40 µg for males ages 11 - 14 
50 µg for children ages 15 - 18 
45 µg for females ages 11 - 14 
40 µg for males ages 11 - 14 
30 µg for children ages 7 - 10 
20 µg for children ages 1- 6 
15 µg for infants 6 mo - 1 yr 
10 µg for infants 0-6 months 

· Food Sources 
Seafoods, meats, grains, Brazil nuts 
Main Minerals
	Mineral
	Main Function
	Main Sources 
	Deficiency
	Excess

	Calcium
	Formation and maintenance of bones and teeth. Blood clotting and nerve function.
	Milk, cheese, yogurt and canned fish are rich sources. Also dark green leafy vegetables, white and brown flour and bread.
	Bone weakening- rickets and osteomalacia. This is also due to failure to absorb calcium owing to vitamin D deficiency. 
	Not known in adults 

	Sodium
	Regulation of body water content. Nerve function.
	Salt - either added to foods during processing or at home in cooking or at the table.
	Fatigue, nausea, cramps. Thirst is experienced.
	Excess sodium has been linked to hypertension.

	Potassium
	Functioning of cells. Constituent of body fluids.
	All foods except sugars, fats and oils. Unprocessed foods have more potassium than processed foods.
	Weakness, mental confusion and, if extreme, heart failure.
	Excess is dangerous especially if the kidneys are not functioning properly.

	Magnesium 
	Involved in energy transfer in the cell, in enzyme activity and muscle functioning.
	Widespread but wholegrain cereals, nuts and spinach are good sources. 
	Depression, irritability, fits, tiredness and, if extreme, heart attack.
	Excess magnesium is not absorbed.

	Phosphorus 
	An essential component of all cells and present in bones and teeth.
	Milk, cheese, meat, fish and eggs are good sources.
	Dietary deficiency unknown.
	Not known in adults. 


Table 2  Trace Minerals 
	Mineral
	Main Function
	Main Sources
	Deficiency 
	Excess

	Iron
	Formation of haemoglobin in red blood cells.
	Red meat and offal are rich sources. Cereals, bread, and vegetables contain some.Breakfast cereals may be fortified.
	Iron deficiency anaemia.
	Excessive absorption may be due to a rare genetic disorder.

	Zinc
	Essential for growth, and sexual maturation. Involved in enzyme activity and taste perception.
	Milk, cheese, meat, eggs and fish, wholegrain cereals and pulses.
	Dietary deficiency is rare; may cause delayed puberty and retarded growth.
	Interferes with copper metabolism. 

	Iodine
	Formation of thyroid hormones.
	Milk, seafood, seaweed. Iodised foods such as salt.
	Goitre 甲状腺肿and

cretinism. 呆小症
	Excess iodine is not absorbed.

	Fluoride
	Increases the resistance of teeth to decay.
	Fluoridated water, tea, fish and toothpaste.
	Tooth decay more likely.
	Fluorosis. 

	Selenium
	As an antioxidant it protects cell membranes against oxidation.
	Cereals, meat, fish, offal, cheese and eggs.
	Keshan disease (a type of heart disease).
	Excess selenium is toxic.
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