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HLTH 230 Notes

Lesson 1

Chapter 1 + Highlight, Chapter 2, Appendix I1-I6

Chapter 1 – An Overview of Nutrition 

Chronic Disease – progresses slowly (chronos = time)
Acute Disease – develops quickly (acute = sharp)

*Nutrition = science of food and nutrients and other substances they contain, and actions within the body.  Social, economic, cultural, and psychological implications of food and eating.

Food Choices
· Personal preference (sweetness of sugar and savoriness of salt, related to genetics)
· Habit
· Ethnic Heritage or Tradition
· Social Interactions 
· Availability, Convenience, and Economy (less likely to buy higher priced convenience foods, more likely to buy less expensive items for home cooked meals, 80% of consumers eating home cooked meals at least three times a week)
· Positive and Negative Associations 
· Emotions
· Values
· Body weight and image 
· Nutrition and health benefits (functional foods – provide health benefits beyond nutrient contributions, fortified foods – through addition of nutrients or phytochemicals – nonnutrient compounds found in plant derived foods that have biological activity in body)


Nutrients 
*Energy = capacity to do work
*Nutrients = chemical substances obtained from food and used in body to provide energy, structural materials, and regulating agents

Nutrient Composition of Foods
· Tomato = 95% water
· Solid materials are carbohydrates, lipids, proteins, and tiny residue of vitamins, minerals, other compounds (six classes of nutrients)

Nutrient Composition of Body
· 150 pounds – 90 pounds water, 20-45 pounds of fat, rest is protein carbohydrates, minerals, tiny fraction of pound is vitamins

Chemical Composition of Nutrients
· Minerals – each is chemical element, water – two elements
· Other four classes are organic compounds (because of carbon – found in all living things)

Essential Nutrients – nutrients that foods must supply to meet all needs

Carbohydrate, fat, and protein = energy yielding nutrients (other ones do not yield energy)
· Macronutrients (body requires them in large amounts) = energy yield
· Micronutrients (require small amounts)

*Calories are measurement of energy released by carbs, fat, protein 
*Kilocalories -> 1000 calories = 1 kilocalorie f
*Joule – measures food energy (work energy), kcal measures heat energy, kcal to kjoule = multiply by 4.2, kjoule to kcal = multiply by 0.24

Energy from foods
· Gram of carb = 4 kcal
· Protein = 4 kcal/g
· Fat = 9 kcal/g
· Fat provides more energy per gram, means it has a greater energy density (helps with weight gain, low energy density helps with weight loss)
· Alcohol other substance that yields energy (7 kcal/g) but not nutrient
· Sugar (carbs) and oil (fat) are exceptions in that they don’t have all three nutrients, just one 

Energy from Body
· Metabolism – process by which nutrients are broken down to yield energy
· If body does not use nutrients right away, converts to fat and used as storage compounds between meals and overnight

Other Roles of Energy Yielding Nutrients
· Provide raw materials for building body tissues, other regulating activities (protein – digestion, energy metabolism)

Vitamins
· Also organic, but facilitate release of energy instead of releasing energy
· 13 Vitamins

Minerals
· 16 minerals, which are essential to human nutrition
· Put together in orderly arrays (ex. Bone and teeth), fluids in body (ex. Fluid balance and distribution)
· Minerals are inorganic, indestructible, don’t need to be handled with care by body, unlike vitamins 

Water – environment in which all body functions take place

Science of Nutrition

Genome – complete set of genetic material in an organism or a cell

Conducting Research 
· Scientific Method ( Observation and question, hypothesis, experiment, results and interpretations, hypothesis supported – theory, or hypothesis not supported – new observations and questions)
· Research Deigns: 
· Epidemiological Studies (determine incidence and distribution of diseases in a population through cross sectional, case control, and cohort.  Strengths – narrows list of causes, raise questions for other studies, weaknesses – cannot prove cause and effect, control variables)
· Laboratory Based Studies (explore effects of specific variable on tissue, cell, molecule.  Strengths – control conditions, determine effects of variable, weaknesses – can’t apply test tube to humans)
· Human intervention / clinical trials (involve humans who follow regimen.  Strengths – control conditions, apply findings, weaknesses – can’t generalize findings to all, cannot use certain treatments for ethical / clinical reasons

Analyzing Research Findings
· Positive correlation: both variables change in the same direction regardless or more or less, doesn’t necessarily represent desired outcome
· Correlations only proves they are associated, not cause


Publishing Research
· Peer review: other scientists review study to make sure scientific process was followed
· If valid, they endorse for publication by scientific journal
· Research article: abstract, intro, review of literature, methodology, results, conclusions, references

Dietary Reference Intakes 
· Set of nutrient intake values for healthy people used to plan and assess diets, which include:
· Estimated Average Requirements (EAR)
· Determine requirement (lowest continuing intake of nutrient that maintains adequacy) for specific function in half the healthy people of a given age and gender group	
· Recommended Dietary Allowances (RDA)
· Average daily amount of nutrient considered adequate to meet needs of ALL healthy members of population (EAR is only half, some people need more than others)
· Adequate Intake (AI)
· If there is insufficient evidence to set EAR thus no RDA (scientific evidence), use AI (scientific judgment)\
· Average daily amount that APPEARS to be sufficient to maintain specific criterion  
· Tolerable Upper Intake Levels (UL)
· Maximum daily amount of a nutrient that appears safe for most healthy people and beyond which there is an increased risk of adverse health effects

Establishing Energy Recommendations
· Energy cannot be readily excreted, will be stored as fat, therefore recommendation is not as generous
· Estimated Energy Requirement
· Average dietary intake that maintains energy balance and good health in a person of given age, weight, activity 
· Acceptable Macronutrient Distribution Ranges 
· Ranges of intakes for energy nutrients that provide adequate energy and nutrients and reduce risk of chronic diseases 
· Carbs: 45 – 65% kcal
· Fat: 20 – 35% kcal
· Protein: 10 -35% kcal

Using Nutrient Recommendations 
· Estimates apply to healthy people
· Only target most people 
· Variety of Foods
· Average daily intakes
Nutrition Assessment 
· Malnutrition – deficiency or excess of a nutrient
· Undernutrition – developed after deficiency of energy (symptoms – very thin, losing muscle tissue, etc.)
· Overnutrition – excess of energy (obese, heart disease, diabetes)

For Individuals
· Historical Information 
· Anthropometric Measurements
· Measurement of physical characteristics of body (height and weight)
· Physical Examinations
· Laboratory Tests 

Stages in development of Nutrition Deficiency 
· Primary deficiency (caused by nutrition deficiency – revealed by diet history) or Secondary deficiency (caused by problem inside body – revealed by health history)
· Declining nutrient stores (subclinical), and abnormal functions inside the body (covert, but may be discovered by laboratory tests)
· Stores are exhausted, physical signs and symptoms (overt – physical examination, anthropometric measures)

Nutrition Assessment of Populations
· National Nutrition Surveys
· What we eat in America – two surveys (one is on kinds and amounts of food, one is on people themselves)
· National Health Goals
· Healthy People program, goals policies to promote health
· National Trends

Diet and Health
· Chronic Diseases
· 4 of top 10 leading causes of death are diseases related to diet (heart disease, cancers, stroke, diabetes mellitus)
· Risk factors for chronic diseases
· Risk factors: condition or behaviour associated with elevated frequency for disease (smoking, physical inactivity)
· Risk factors cluster, persist, in perspective 

Chapter 2: Planning a Healthy Diet

Diet Planning Principles 
· Adequacy
· Provides sufficient energy and enough nutrients to meet the needs of healthy people 
· Balance
· Consuming enough, but not too much of each food (balance ensures adequacy)
· kCalorie (energy) control
· Energy of foods coming into body should balance energy being used
· Nutrient density
· Measure of the nutrients a food provides relative to the energy it provides
· More nutrients and fewer kcal = higher nutrient density
· Empty kcalorie foods = foods that contribute energy but lack protein, vitamins, minerals 
· Moderation
· Providing enough but not too much of a substance 
· Variety
· Eating a wide selection of foods within and among the major food groups

Lesson 2: Absorption, Digestion, and Foodborne Illness 

Chapter 3 + Highlight, Chapter 19: 648-657

Digestion 
· Process by which food is broken down into nutrients in preparation for absorption 
· Absorption: uptake of nutrients by cells of the small intestine for transport into either the blood or lymph 

Anatomy of the Digestive Tract
· GI tract = tube that extends from mouth through esophagus, stomach, SI, LI, rectum to anus (human body surrounds GI tract)
· Lumen = inner space within GI tract 
· Many materials pass through GI tract wall without being digest or absorbed, only when penetrates the wall does it enter the body properly
· Mouth – mastication (chewing), crush food, salivary glands secrete saliva to blend with food
· Four basic taste sensations: sweet, sour, bitter, salty (and monosodium glutumate –savory / umami)
· Food passes through the pharynx when swallowed – short tube shared by digestive system and respiratory system 
· Epiglottis – cartilage in throat that prevents food from going down the trachea 
· Bolus = mouthful of food chewed and swallowed
· Esophagus to stomach – during swallow, upper esophageal sphincter opens, food slides down esophagus which passes through hole in diaphragm and into stomach 
· Lower esophageal sphincter closes behind bolus, so it doesn’t go back into esophagus
· Stomach adds juices to it and grinds it to semiliquid mass called chyme, which is released through pyloric sphincter into small intestine 
· Small Intestine – chyme skips opening from common bile duct which drips fluids from gallbladder and pancreas (outside GI tract), travels through three parts (duodenum, jejunum, ileum)
· Large Intestine – remaining contents arrive at illocecal valve, enter, pass another opening, if slips into opening, goes into appendix
· Pass through intestine to the rectum (ascending colon  transverse colon  descending colon  sigmoid colon  rectum)
· Colon withdraws water, leaving semisolid waste which is held back by the strong muscles of the rectum and anal canal
· At time to defecate, muscles relax and the sphincters of the anus open

Muscular Action of Digestion
· GI tract muscles ability to move is called motility 
· Peristalsis – wavelike muscular contractions of the GI tract that push its contents along 
· Waves ripple at different intensities and frequencies depending on location of the GI tract
· Stomach Action – strongest muscles and thickest walls in GI tract
· Circular muscles, longitudinal muscles, and diagonal muscles
· Three muscles work to force chyme downwards, but pyloric sphincter remains closed 
· Gastric juices in stomach liquefy chyme, and pyloric sphincter opens 
· Segmentation – periodic squeezing or partitioning of the intestine at intervals along its length by circular muscles 
· Mixes chyme with digestive juices and brings nutrients into contact with intestinal lining for absorption 
· Sphincter Contractions – circular muscles contract: passage closes, muscles relax: passage opens 

The Secretions of Digestion 
· Requires secretions from: salivary glands, stomach, pancreas, liver (from gallbladder), and small intestine 
· Enzymes involved in digestion facilitate hydrolysis (addition of water to break a molecule into smaller pieces)
· Salivary glands – saliva
· Moisten each mouthful of food so it can pass easily down esophagus 
· Stomach – gastric juice
· Mixture of water, enzymes, hydrochloric acid to digest proteins; so strong can cause heartburn if reflux in esophagus
· Acidity of the stomach destroys bacteria, mucous coats stomach lining to protect from it
· Pancreas – pancreatic juice and intestinal enzymes
· Pancreatic juice contains enzymes to digest carbs, fat, and protein (intestinal enzymes from small intestine do this too)
· Also contains sodium bicarbonate to neutralize acidic chyme before going into small intestine 
· Bile – produced by liver, stored in gallbladder 
· Squirted into duodenum when fat arrives to emulsify it 
  

Absorption
· Small intestine – 10 feet long, traps and absorbs nutrient molecules
· Rush of circulating blood continuously washes underside of surface, carrying absorbed nutrients away to blood, liver, other parts	
· Done through: simple diffusion (water – cross into cells freely), facilitated diffusion (water soluble vitamins - need specific carrier to transport from one side of cell membrane to other), or active transport (glucose – move against concentration gradient, requires energy)
· Large molecule may require endocytosis – cell membrane engulfs molecule, sac separates from membrane and moves into cell	

Anatomy of Absorption System
· Small intestine has hundreds of folds, on each fold are thousands of villi (fingerlike projections) which are covered in microvilli (hairlike projections on each cell – trap nutrient particles and transport them into the cells)
· Crypts are in between villi, tubular glands that secrete intestinal juices in the small intestine
· Goblet cells secrete mucus 

Villi are able to recognize and select nutrients the body needs and regulates absorption
· Cells of successive portions of tract are specialized to absorb different nutrients
· Nutrients ready for absorption early are absorbed near top of tract
· Idea that people should not eat certain food combinations is a myth, contrary is often true
· When nutrient molecule crosses villus, enters bloodstream of lymphatic system
· Water soluble nutrients and smaller products of fat digestion are released directly into bloodstream to go to liver
· Larger fats and fat soluble vitamins not soluble in water (bloodstream), cluster with special protein to form chylomicrons
· Released into lymphatic system, move through lymph, enter bloodstream close to heart, bypassing liver

Circulatory Systems 

Vascular System 
· Closed system of vessels through which blood flows continuously with heart as pump
· Blood leaves right side of heart by pulmonary artery (arteries carry blood from heart to tissues)
· Blood loses carbon dioxide, picks up oxygen in lungs, and returns to left side of heart by way of pulmonary vein (vessel that carries blood to heart)
· Blood leaves left side of heart by aorta (large primary artery that conducts blood from heart to smaller arteries)
· Goes to different systems of body into capillaries where it exchanges material with cells and collects in veins, to return to heart 
· If blood is leaving from digestive system flows through vein into liver (hepatic portal vein), branches into capillaries, liver uses it, and goes to heart through hepatic vein
· In the liver…
· Vessels gather nutrients and reabsorbed water and salts from the digestive tract 
· Vessels merge into hepatic portal vein
· Hepatic artery brings freshly oxygenated blood from lungs to liver 
· Capillaries branch out over liver, making nutrients and oxygen available to to cells
· Hepatic vein gathers up blood from the liver and returns to the heart
· Liver is major metabolic organ, placement ensures it will be the first to receive absorbed nutrients 
· Detoxifies harmful substances 

Lymphatic System
· Loosely organized system of vessels and ducts that convey fluids towards the heart 
· Lymph ( transports fat and fat soluble vitamins) circulates between the cells of the body and collects into vessels (lacteals)
· Most of lymph collects in thoracic duct, which opens into the subclavian vein where lymph enters the bloodstream/ vascular system

Health and Regulation of GI tract
· Many factors can affect GI funcion including: physical immutarity, aging, illness, and nutrition
· Gastrointestinal Bacteria
· 10 trillion bacteria (flora) live in GI tract 
· Diet effects bacterial population – yogurt contains probiotics (microorganisms found in foods and supplements that are beneficial to health)
· Used to digest fibers and complex proteins 
· Food components like fibers which aren’t used in SI are used as food for bacteria and called prebiotics; prebiotics + probiotics = snbiotic 
· Vitamins produced by bacteria inclue: biotin, folate, panthothenic acid, riboflavin, thiamin, vitamin b6 and b12, k
· Gastrointestinal Hormones and Nerve pathways
· Homeostasis (maintenance of internal conditions by body’s control systems) allows for digestive tract to handle ever changing conditions 
·  Hormonal (endocrine) system and nervous system coordinate all digestive and absorptive processes 
· Primary actions of GI hormones 
· Gastrin
· Responds to: food in the stomach
· Secreted from: stomach wall to stimulate stomach glands
· Response: hydrochloric acid secreted into stomach
· Secretin
· Responds to: acidic chyme 
· Secreted from: duodenal wall to stimulate pancreas
· Response: biocarbonate rich juices into SI
· Cholecystokinin 
· Responds to: fat or protein in small intestine 
· Secreted from: intestinal wall to stimulate gallbladder / pancreas
· Response: bile secreted into duodenum, bicarbonate and enzyme rich juices secreted into SI
 
Highlight – Common Digestive Problems
· Choking
· Food slips into trachea 
· No sound can be made because larynx is in the trachea and makes sound only when air is pushed across it 
· 17500 children choke in one year, 160 to death
· Vomiting
· Contents of stomach are propelled up through esophagus to mouth and expelled
· If vomiting is extended, massive fluid loss from GI tract which leads to other fluids being resdistributed and fluid taken from every cell in body 
· Diarrhea
· Frequent, loose watery stools 
· Intestinal contents have moved too quickly through intestines for fluid absorption to take place or water has been drawn from cells lining the intestinal tract 
· May occur as a result of disorders of the GI tract like IBS or colitis 
· IBS = frequent or severe abdominal discomfort and disturbance in the motility of GI tract
· Colitis = inflammation of large intestine 
· First step is always rehydration 
· Constipation
· Symptom not a disease – infrequent or difficult bowel movements 
· Person receives signal to defecate, ignores it, fluids continue to be withdrawn, when person defecates fecal matter is hard 
· Fiber consumption improves muscle tone, prevents hemorrhoids (painful swelling of veins around rectum)
· Diverticulosis – intestinal walls develop bulges in weakened areas (colon), diverticula – the bulging pockets 
· Lifestyle and diet changes prevent constipation 
· Belching and Gas
· Belching results from swallowing air (faster you eat, more likely to belch)
· Hiccup cure – hold breath as long as possible which relieves spasms of diaphragm 
· Healthy people expel several hundred ml of intestinal gas a day (99% nitrogen, oxygen, hydrogen, methane, carbon dioxide, remaining are volatile gases)
· Heartburn
· Gastroesophageal reflux – eat less food, eat more slowly, chew more thoroughly 
· Antacids or acid conrollers should be used rarely for indigestion because they weaken thedefensive mucous barrier of the GI tract, which increases risks of infections 
· Ulcers
· Ulcer – lesion (sore), Peptic ulcer – lesion in the lining of the stomach (gastric ulcer) or the duodenum of the small intestine (duodenal ulcers)
· Cause of ulcers: bacterial infection of Helicobacter pylori, use of certain anti inflammatory drugs, disorders that cause excessive gastric acid secretion 
· To treat ulcers: treat for infection, eliminate any food that causes indeigetsion or pain, avoid caffeine and alcohol
· H. Pylori requires antibiotics, not acid controllers, acid controllers could actually make inflammation worse and eventually lead to stomach cancer

Chapter 19: pg. 648 – 657 

Foodborne Illnesses 
· Illness transmitted to human beings through food and water, caused by either an infectious agent (foodborne infection)) or a poisonous substance (food intoxication) 
· Symptoms – bloody diarrhea, diarrhea for more than three days, difficulty breathing, swallowing, double vision, etc.
· Foodborne Infections: eating foods contaminated by infectious microbes
· Salmonella – major cause of illness, listeria – mjr. Death
· Pathogens (microorganism capable of causing disease) enters with food through GI tract
· Food intoxications: caused by eating foods containing natural toxins, or microbes that produce toxins
· Staphyloccous aureus – most common, botulinum – less common, more infamous 

Food Safety in Marketplace
· Pasteurization: heat processing of food that inactivates some microorganisms in the food, not a sterilization process
· Industry Controls 
· Hazard Analysis Critical Control Points system used to identify and correct potential microbial hazards in the manufacturing, distibution, and commercial use of food products 
· Consumer Awareness

Food Safety in the Kitchen
· Keep a clean safe kitchen
· Avoid Cross Contamination
· Keep hot foods hot
· Keep cold foods cold 
· Safe Handling of Meats and Poultry 
· Bacteria multiply rapidly at temperatures between 40 and 140 degrees fahrenheit
· Mad Cow – affects CNS of cattle and humans 
· Safe Handling of Seafood
· Freezing fish makes it safe to eat raw – partially true 

Advances in Food Safety
· Irradiation – sterilizing a food by exposure to energy waves, similar to uv light and microwaves 
· Controls mold in grains, sterilize spices and teas for storage at room temperature, control insects and xtend shelf life in fruits and veggies, destroy harmful bacteria in meats
· Consumer concerns of irradiation are based out of negative assosciation with word radiation, but has no relation
· To regulate, FDA says that companies must include on label if food has been irradiated, symbol is called radura 
	
Lesson 3 

Chapter 4 and Highlight – Carbohydrates

Chemist’s view of carbohydrates 
· Monosaccharides – single sugars
· Disaccharides – sugars composed of pair of monosaccharides 
· Sugars – simple carbohydrates 
· Polysaccharides – large molecules of chains of monosaccharides
· Complex carbohydrates – starches and fibers 
· Most important monosaccharides are hexoses, sugars with six carbon, 12 hydrogen, six oxygen
· Carbohydrates must have a ratio of one carbon to one water 
· Each atom can form different number of bonds (carbon – 4, nitrogen – 3, oxygen – 2, hydrogen – 1)
· Monosaccharides
· Glucose (blue hexagon), known as blood sugar or dextrose 
· Fructose (purple pentagon), sweetest of the sugars
· Same formula as glucose, but structured differently for different taste bud stimulation 
· Found in fruits, honey, saps (aka fruit sugar, levulose)
· Galactose (green hexagon), part of disaccharide lactose 
· Disaccharides
· Glucose occurs in all three types, other one varies
· Condensation – chemical reaction to MAKE
· OH from one and H from other create molecule of water, two monosaccharides link together with single oxygen
· Hydrolysis – chemical reaction to BREAK
· Water molecule splits, H to one, OH to other, commonly occurs during digestion
· Maltose
· Two glucose, aka malt sugar
· Produced during starch breakdown, fermentation - alc
· Sucrose
· Glucose and fructose, aka table/cane/beet sugar
· Lactose
· Glucose and galactose, milk sugar
· Principal carbohydrate of milk
· Polysaccharides 
· Intermediate string of three to ten monosaccharides = oligosaccharides 
· Glycogen
· Stores glucose for future use, not found significantly in food
· Made up of glucose molecules linked in highly branched chains, hormones say to release energy, enzymes attack branches, releasing surge of glucose 
· Starches
· Plant cells store glucose as starch, branched (amylopectin) or unbranched (amylose)
· When you eat plant, body hydrolyzes starch to glucose, and uses glucose for own purposes 
· Fibers
· Structural part of plants, nonstarch polysaccharides because bonds cannot be broken down by digestive enzymes in body, pass through the body, offering little energy
· Soluble fibers dissolve in water, form gels (viscous), and are easily digestible by bacteria in the colon (fermentable)
· Protect against heart disease (lower blood cholesterol) and diabetes (lower glucose)
· Insoluble fibers opposite, promote bowel movements
· Functional fibers – fiber that is extracted from plants and added to supplements 
· Resistant starches escape digestion/absorp. in healthy ppl
· Phytic acid – capable of binding minerals and preventing absorption, excreted unused 

Digestion and absorption of carbohydrates 
· Carbohydrate Digestion
· Enzymes hydrolyze long starch chains, to shorter chains (dextrins), to disaccharides, to mono…
· In mouth: Salivary enzyme amylase hydrolyzes starch to shorter polysaccharides to maltose 
· In stomach: Inactivate salivary amylase, fiber lingers to promote feeling of fullness  
· In SI: Pancreatic amylase secreted via pancreatic duct, continues breakdown of poly into shorter glucose chains & malto
· Outer membrane of intestinal cells:
· Maltase breaks down maltose into 2 glucose
· Sucrase – sucrose – glucose and fructose
· Lactase – lactose – glucose and galactose 
· In LI: sugars and starches have been digested (available carbs), fiber remains (unavailable carbs)
· Fiber attracts water, softens stool
· Some bacteria ferments some fibers – water, gas, short chain fatty acids
· Colon uses fat for energy 
· Carbohydrate absorption 
· Glucose and galactose enter SI through active transport, fructose through facilitated diffusion (slows entry, smaller ^ in blood glucose)
· Monosaccharides enter capillaries of intestinal villi, go to liver via portal vein, where galactose and fructose are converted to glucose for ^ energy 
· Lactose Intolerance
· Lactase activity highest after birth, dramatically declines (only 30% of adults have enough lactase to absorb and digest lactose efficiently throughout life)
· Lactose > lactase – remaining lactose molecules attract water  bloating, discomfort, diarrhea, becomes food for bacteria which multiply, further contributing to symptoms
· Lactase deficiency can lead to lactose intolerance (intestinal villi damaged by disease, certain medicines, etc.)
· Prevalence: 80% southeast Asians, 80 native Americans, 75 african Americans, 70, Mediterranean, 60 inuits… 10 north euro
· Need to ensure riboflavin, vitamin D, and calcium needs are still met
· Most LI people can consume 6 grams of lactose without symptoms, can tolerate fermented milk products like yogurt and kefir, manage not restrict dairy consumption to improve

Glucose in the body 
· Primary role of available carbohydrates is to supply cells with glucose for energy 
· Carbohydrate Metabolism 
· Storing Glucose as Glycogen
· Liver stores 1/3 of total glycogen and releases glucose as needed 
· After meal, blood glucose ^, liver cells link excess by condensation to long chains of glycogen
· When bg gets low, liver cells break single glucose, and release into bloodstream
· Muscle cells can also store other 2/3, but usually use for self
· Can only store enough glycogen for a day at rest, or a few hours with exercise
· Using Glucose for Energy
· Enzymes break glucose in half, can be put back together, or broken even further to carbon dioxide and water 
· Making Glucose from Protein
· When person does not replenish glycogen stores through carbs, body proteins are broken down to make glucose to fuel brain cells and other special cells (derived from liver and skeletal cells)
· Gluconeogenesis – making of glucose
· Making Ketone Bodies from Fat Fragments
· With less carbohydrates, fat fragments combine to form ketone bodies 
· Alternate fuel source during starvation, but when production exceeds use, leads to ketosis, throws off acid-base balance 
· Using Glucose to Make Fat
· Abundant glucose – fat is conserved or created because fat cells can store unlimited quantities, glycogen cannot
· Constancy of Blood Glucose 
· Maintaining glucose homeostasis
· After meal, blood glucose rises
· ^ blood glucose stimulates pancreas to release insulin into the bloodstream
· Insulin stimulates uptake of glucose into cells, storage as glycogen in liver and muscles, and conversion of excess glucose into fat 
· Blood levels decline as body uses glucose
· Low blood glucose stimulates pancreas to release glucagon into blood
· Glucagon stimulates liver to break down glycogen and release glucose into the blood
· Blood glucose rises  
· The regulating hormones
· Insulin
· Hormone secreted by pancreas in response to increased blood glucose concentration
· Control transport of glucose from bloodstream into fat and muscle cells 
· Glucagon
· Elicit release of glucose from liver glycogen stores 
· Epinephrine 
· Hormone that regulates stress response; acts to ensure all body cells have fuel in emergency
· Balancing within normal range 
· Eating regular meals at regular times 
· When body falls outside normal range, leads to…
· Diabetes 
· Blood glucose rises after a meal and remains above because of ineffective insulin
· Fasting bloodtest – 100 to 125 mg/ dl, prediabetes, greater than / = 126 – diabetes
· Type 1: less common, pancreas fails to produce insulin
· Type 2: cells fail to respond to insulin (obesity, 
· Hypoglycemia  
· abnormally low glucose concentration 
· Poorly managed diabetes: too much insulin, strenuous activity
· Experienced by healthy people is rare, fix would be refined carbs vs fiber rich carbs 
· Glycemic Response
· Extent to which a food raises blood glucose concentration and elicits an insulin response
· Low response: slow absorption, modest rise in blood glucose, smooth return to normal
· Legumes, milk products. high are: processed foods like snacks, bread
· Glycemic load = glycemic index and carbs
· Glycemic index: used by people w/ diabetes to aid in food choices, method of classifying food based on potential for raising blood glucose

Health effects and recommended intakes of sugars 
· Added sugars (used as ingredients in processing and preparation of food) account for 50% of sugar consumption 
· Health effects
· Detrimental because of nutrient deficiencies and tooth decay 
· Nutrient deficiencies
· Foods with lots of added sugars are empty kcalorie foods, someone with kcalorie allowance can’t get all nutrients 
· Typical adult can get all they need on 1500 kcal/day
· Dental Caries
· Bacteria in mouth ferment sugars, producing acid that erodes tooth enamel and produces caries 
· May penetrate dentin, spread into pulp of tooth, lead to inflammation, loss of tooth
· Sticky foods, exposure to sugar for long vs short, acidic drinks detrimental
· Recommended Intakes
· Added sugars should account for no more than 25% of day’s total energy intake

Alternative Sweeteners
· Limit kcalories and min. sugar intake
· Artificial sweeteners 
· Provide negligible energy, nonnutritive sweeteners
· ADI is amount can safely take a day
· Herbal products
· Stevia
· Sugar alcohols
· Derived from fruits or produced from dextrose (polyols)
· Not free of kcalories, just less than carbs from sugars
· Slow absorption, low glycemic response 
· Do not contribute to dental caries

Health Effects and recommended intakes of starch and fibers 

Adequate intake of fiber:
· Soluble fiber lowers risk of heart disease and diabetes
· Insoluble fibers alleviate constipation, hemorrhoids, weight management, appendicitis, diverticulosis 

Excessive intake of fiber:
· Displaces energy and nutrient dense foods
· Causes intestinal discomfort and distention 
· May interfere with mineral absorption

Recommended Intakes
· RDA for carbs = 130 g 
· FDA Daily Value – carbs = 300 grams, fiber = 25 grams 

To calculate starch = Total carbs – (fiber + sugars)

Highlight – Carbs, kcalories, and controversies
· Inverse relationship between carbohydrate intake and body weight
· Low carb, high fat diets only work for first six months, gain back after
· Added sugars use reached all time high with obesity rise
· Consuming sugary beverages tied to increased food energy & overweight
· Body cannot detect kcalories of sugar in liquid form, will eat less when given ‘jelly beans’ to compensate 
· Glycemic effect depends on when food is eaten, ripeness, etc
· High glycemic index is positively associated with weight gain 


Lesson 4 – Chapter 6 + Chapter 2 Highlight

Protein: Amino Acids

Chemist’s view of proteins 

Proteins – C,H,O, AND N – amino means containing nitrogen 

Amino acids contain: an amino group (NH2), an acid group (COOH), a hydrogen atom, distinctive side group, all attached to a central carbon atom
· Side group: varies from each amino acid; protein is made up of 20 amino acids (ex. amino acid = glycine, side group = hydrogen)
· Nonessential Amino Acids: body can synthesize themselves 
· Essential Amino Acids: nine essential amino acids, body cannot make all or make enough of them (indispensable) – (histidine, isolecuine, leucine, lysine, methionine, phenylalanine, theronine, tryptophan, valine)
· Conditionally Essential Amino Acids: nonessential becomes essential when body needs essential to create nonessential, and absence of essential 

Proteins
· Peptide Bonds: connects the acid end of one amino acid with amino end of another, forming a link in protein chain
· Amino Acid chains: condensation reactions connect amino acids – dipeptide
· Amino acid sequence – primary structure: Each polypeptide chain is different, huge variety
· Polypeptide shapes – secondary structure: determined by weak electrical attractions within the polypeptide chain (sections of chain twist and fold to give strength and rigidty)
· Polypeptide tangles – tertiary structures: amino acid side groups are hydrophilic (water loving) or hydrophobic (repelled by water)
· Chain folds so hydroliphic on outside
· Multiple polypeptide interactions – quarternary 
· Denaturation – change in protein’s shape and loss of function from heat, acid, etc.

Digestion and Absorption of protein

Digestion
· Stomach
· Hydrolysis of proteins – HCL acid denatures tangled strands so enzymes can attack peptic bonds 
· HCL acid coverts inactive form of enzyme (zymogen/ proenzyme) pepsinogen -> pepsin to break down large polypeptides
· SI
· Polypeptides hydrolyzed further 
· Peptidase enzymes on membrane surfaces hydrolyze tripeptides and dipeptides into amino acids 
· Tripeptidases – tripeptides…. endopeptidases cleave bonds to create smaller fragments, exo cleave bonds at ends to release amino acids 

Absorption
· Carriers transport amino acids into intestinal cells, where they may be used for energy or for synthesis
· Unused amino acids are transported across cell membrane into fluid where they enter capillaries into liver 

Proteins in the body
· 30000 proteins (study of is proteomics, human genome is full set of chromosomes 

· Protein synthesis
· Every person has different amino acid sequence, different protein structure
· Instructions for making protein stored in DNA of every cell 
· To deliver instructions, first step (transcription) is making messenger RNA from template of DNA, which goes to body of cell where it attaches to ribosome where translation (mRNA directs sequence of amino acids) takes place
· To line up amino acids, transfer RNA take acids to mRNA, which dictates where its placed, line up, enzyme bonds amino acid to strand, after completed protein strand is released, tRNA go get more 
· Sequencing errors: altered protein, sometimes dramatic results
· Sickle cell anemia – two of four polypeptide chains in hemoglobin have one amino acid out of order  (valine, glutamic), and it loses ability to carry oxygen
· Gene expression: process where cell coverts genetic code into RNA and protein

· Role of Proteins
· Building materials for growth and maintenance
· Building blocks for muscles, blood, skin 
· Replacing dead or damaged cells (skin cell – 30 days)
· Matrix – basic substance that gives form to structure, collagen – protein from which connective tissues made
· Enzymes
· Facilitate chemical reactions while remaining the same
· Can break down (catabolic), build up- bone (anabolic), or synthesize/ transform (judge/minister)
· Hormones
· Estrogen and testosterone – cholesterol
· Regulate body processes 
· Fluid Balance
· Proper types and amounts of fluid in each compartment 
· Malnutrition (protein deficiency), causes protein to leak out of blood vessels and into tissues, causes swelling (edema) because proteins attract water
· Acid Base Balance
· Acids release hydrogen ions, base accepts hydrogen ions
· Proteins are able to accept and release ions, control, act as buffers, soak up acid
· Transportation
· Carry nutrients and other molecules
· Acts as two door passage way which can change its shape to transport nutrients through cell membrane
· Antibodies
· Antibodies are large protein molecules produced by the immune system in response to foreign invaders called antigens  once body manufactures antibody once it makes it even quicker next time (immunity)
· Energy and Glucose
· Can be sacrificed to produe ^
· Protein Metabolism
· Protein Turnover and Amino Acid Pool
· Turnover – degradation and synthesis of protein
· Amino acids from protein turnover and from dietary proteins form pool for use in making proteins, nitrogen compounds, or for energy
· Nitrogen Balance
· Amount of nitrogen consumed (N in) compared to amount of nitrogen excreted (N out) over a period
· Positive Nitrogen (good – infants, children, pregnant women) N in > N out
· Negative Nitrogen (bad – starving, other stresses)
· Using Amino Acids to Make Other Compounds
· Tyrosine - neurotransmitters
· Using Amino Acids for energy and glucose
· Using Amino Acids to make fat
· Deaminating Amino Acids 
· Deamination – removal of amino (NH2) group from amino acid (occurs when aa is broken down)
· Results in: ammonia (NH3) and keto acid (used to make glucose, cholesterol, fat, non essential aa)
· Use AA to make proteins and nonessential AA
· Transamination – transfer of an amino group from one amino acid to a keto acid producing a new nonessential aa and new keto acid
· Converting Ammonia to Urea
· Urea is the principle nitrogen excretion product from protein metabolism
· Two ammonia fragments and one carbon dioxide fragment (detoxifies ammonia)
· Excretion of urea- liver > blood > kidneys > excrete
· Liver disease – blood ammonia is high, kidney disease – blood urea is high

Protein in Foods
· Protein Quality – high quality proteins provide all of the essential amino acids in doses humans require, low quality doesn’t.  Quality determined by digestibility and AA composition
· Digestibility: measures the amount of amino acids absorbed from a given protein intake – animal protein is high (90-99%), plants is lower (70-90), soy and legumes is over 90
· Composition: protein must supply at least nine essenntial amino acids and enough nitrogen compounds for synthesis of nonessential
· Limiting amino acid: essential AA found in shortest supply relative to amount needed for synthesis (4 most likely = lysine, methionine, threonine, tryptophan)
· Reference protein – AA composition compared to essential AA requirements of pre school kids
· Complementary proteins – two or more dietary proteins whose AA assortments complement each other so that essential AA missing from one are supplied by other

Health Effects of Protein
· Protein-Energy Malnutrition 
· Deficiency of protein/ energy, including kwashiorkor, marasmus
· 1 in every 4 children – acute PEM (underweight) and chronic PEM (stunted growth)
· Marasmus – PEM that results from severe deprivation , or impaired absorption, of energy, protein, vitamins, and minerals (chronic PEM)
· Skin and bones appearance in kids, need to be clothed and covered, slowed mental and physical development
· Kwashiorkor – sudden or recent deprivation of food (acute)
· Typically sets in between 18 mos. to 2 years
· Noted feature: abdomen and limbs swollen with edema (wet PEM)
· In a mix, child has edema from kwashiorkor and wasting from marasmus
· Infections – when infection sets in marasmic child, kwashiorkor follows further weakening immune system
· Dysentery – infection of GI tract, cause diarrhea, loose more nutrients and fluids
· Rehab – severely malnourished recover better with small initial food and protein intakes
Health Effects
Heart Disease – high protein, ^ HD, maybe b/c ^ homocysteine, ^ arginine may protect
Cancer – some protein rich foods like red meat – colon cancer
Osteoperosis – inadequate protein intake compromises bones, but too much protein means calcium excretion increases 
Kidney disease - ^ protein means more work for kidneys

Recommended Intakes of Protein 
· RDA – 0.8 g/kg/ day, athletes = 1.2-1.7 g/kg/ day 

· Amino Acid Supplements 
· excess of one amino acid can create such demand for a carrier that it limits the absorption of other amino acids causing deficiency

Chapter 2 Highlight

Vegetarian Diets
· Lactovegetarians – include milk
· Lacto-ovo-vegetarians – include milk and eggs
· Pescovegetarians – include fish, seafood, milk, eggs
· Seems that vegetarians have more weight control, lower blood pressure, lower risk of heart disease, cancer
· Tempeh – fermented soybean food rich in protein and fiber
· Green leafy vegetables – 5x as much calcium as other veg
· Dried fruit – 6x more iron than other fruit

Vegetarian Diet concerns 

· Protein:  High quality protein tends to be lacking in a vegetarian diet.  Vegetarians, particularly vegans must pay attention to ingestion of complementary proteins and soy.

· Adequate energy: Some vegetarian and vegan diets can be very low in energy because of the high fibre content of the diet.  Without adequate calories, the proteins will be used for energy.  Nuts and seeds are
a way to increase protein and calories.

· Iron:  Meat, poultry and fish serve as excellent sources of iron, but are absent in a vegetarian/vegan diet.  Focusing on legumes, dark green leafy vegetables and iron‐fortified cereals will help ensure adequate
iron.  Foods rich in vitamin C may aid absorption and hence should be eaten in the same meal as the sources of iron.

· Zinc:  Meat is one of the richest zinc sources, and soy can interfere with zinc absorption.  The key to a vegetarian getting enough zinc is eating a diet full of nutrient‐dense foods including nuts, whole grain nuts and seeds.  

· Calcium:  Alternative sources of calcium include fortified juices, soy beverage, broccoli, turnip greens, almonds, sesame seeds.  Absorption of calcium from these foods may be limited, therefore ensure consumption is adequate.

· Vitamin B12:  Fortified products such as bread and cereal serve as the best alternative sources of this nutrient if an individual does not consume any animal products.  Supplements may be necessary.

· Vitamin D:  Our bodies are capable of synthesizing this nutrient in the presence of sunlight, hence, increasing sunlight exposure can act as a good source of this vitamin.  Fortified products such as milk or margarine, along with supplements also serve as good alternative sources.

· Omega 3s: Flax seed, soybeans, walnuts and their oils may be required for adequate omega 3s. 

Lesson 5 – Chapter 5 and Highlight

The Lipids
· Of lipids in foods, 95% are triglycerides (oils – liquid at rm tmp and fats – solid) and 99% of lipids stored in the body are triglycerides 
· Lipids provide more energy per gram than carbs though still made up of CHO

Chemist’s View of fatty acids and triglycerides
· Every triglyceride is one glycerol and three fatty acids
· Fatty acids may be 4-24 (even carbons), 18 carbon long ones 
· Can be more than one point of unsaturation, important ones have first point of unsaturation next to third carbon from methyl end (omega 3) or next to sixth carbon (omega 6)

· Fatty Acids
· Organic compound composed of a carbon chain with hydrogens attached, an acid group (COOH) at one end, and a methyl group (CH3) at the other end 
· Acetic acid – shortest chain (methyl end and acidic end)
· Stearic acid – 18 carbons, saturated fatty acid (fatty acid carrying the maximum possible number of hydrogen atoms)
· Unsaturated fatty acid – lacks hydrogen atoms and has at least one double carbon bond (point of unsaturation)
· Monounsaturated fatty acid – fatty acid that lacks two hydrogen atoms and has one double carbon bond (Oleic)
· Polyunsaturated fatty acid – lacks four hydrogen atoms and has at least two double carbon bonds (linoleic – two, linolenic – three)
· Triglycerides – chief form of fat in diet, major storage form in body
· Form from three condensation reactions between hydrogen atom from glycerol and hydroxyl group from fatty acid, yields triglyceride and three water molecules
· Degree of Unsaturation 
· Firmness
· Shorter the carbon chain, softer at room temperature
· Polyunsaturated fats = liquid, saturated fats = solid
· Stability
· Polyunsaturated fats spoil most readily, double carbon bond is unstable (oxidation spoils fats)
· Manufactures may use antioxidants to delay rancidity, sealed in airtight containers, or hydrogenation
· Hydrogenation 
· Chemical process where hydrogen atoms are added to monounsaturated and polyunsaturated fats to make them more stable (saturated) – protects against oxidation & improves texture
· Cis Fatty acids – hydrogens occur on same side as couble bond (naturally occurring unsaturated)
· Trans Fatty acids – hydrogens are on opposite sides of double bonds (saturated fats, post hydrogenation)
· Linked to heart disease, but naturally occurring fatty acids with trans configuration like conjugated linoleic acids, have health benefits

Chemist’s view of phospholipids and sterols
· Only 5% of lipids in diet
· Phospholipids: similar to triglycerides but having a phosphate group and choline (or other nitrogen compound) in place of a fatty acid (ex. lecithin)
· Used as Emulsifiers (have both water and fat soluble parts) 
· Roles of phospholipids: Part of cell membrane, tails away from water, forms layer facing opposite ways 
· Sterols: compounds containing a four-ring carbon structure with any variety of side chains attached 
· Sterols besides cholesterol found in plants, structurally similar to cholesterol, interferes with absorption.  Diet rich in plant sterols helps lower blood cholesterol
· Cholesterol used to make bile acids, sex hormones, vitamin D
· Liver makes 800 – 1500 mg of cholesterol a day 
· Harmful when plaque buildup in arteries – atherosclerosis 

Digestion, Absorption, Transport of Lipids
· Hard to digest lipids because fats are hydrophobic & enzymes are hydrophilic 
· Lipid Digestion
· Mouth – some fats melt, lingual lipase released to break down
· Stomach – Gastric lipase enzyme helps break down fat into small droplets (performs best in acidic environment – stomach)
· SI – Release of CCK, which triggers release of bile (which contain bile acids)
· Bas are made from cholesterol, similar structure, pair with amino acids which aid in emulsification 
· Hydrolysis occurs, pancreatic lipase and intestinal lipase remove each fatty acid until only monoglyceride 
· Enterohepatic Circulation – bile is reabsorbed, some bile is excreted
· Lipid Absorption
· Glycerols and small lipids can move right into intestinal cells  bloodstream
· Micelles – tiny spherical complexes of emulsified fat, formed from combo of monoglycerides/ long chain fatty acids w/ bile, water soluble enough to penetrate absorptive intestinal cells  
· Once inside, monoglycerides and long chain fatty acids reassemble to triglycerides and them with other lipids are packed with protein as chylomicrons  lymphatic system  bloodstream 
· Lipoproteins – clusters of lipids associated with proteins that serve as transport vehicles for lipids in the lymph and blood (more lipids, lower density, more proteins, higher density)
· Chylomicrons
· Largest, least dense.  Low protein, ^ triglyceride
· Cells remove triglycerides from chylomicrons, most gone within 14 hours 
· VLDL
· Made by liver cells to transport lipids to cells, primarily triglycerides
· As triglycerides taken, proportion lowers, mainly cholesterol, becomes LDL
· LDL (less healthy)
· Derived from VLDL as triglycerides taken 
· Receptors on liver control blood cholesterol by removing LDL from circulation 
· HDL (Healthy)
· Remove cholesterol from cells and carry it back to liver for recycling or disposal (reverse cholesterol transport  or scavenger pathway)
· Composed primarily of protein

Lipids in the body – provide energy, insulate against temperature extremes, protect from shock, maintain cell membranes 
· Roles of triglycerides
· Provide cells with energy, fat 2x more energy than carbs or protein
· Adipose cells can store full triglycerides
· Adipose tissue secretes adipokines (leptin, adiponectin, resistin, visfatin) which are proteins that regulate energy balance and bodily functions 
· Ex. obesity - ^ resistin (inflammation, insulin resistance), decreased adiponectin
· Essential fatty acids
· Linoleic acid (Omega 6) and linolenic acid (omega 3) aren’t synthesized by body, need from diet
· Omega 6 
· Body can use linoleic acid to make arachidonic acid (20 carbon, 4 double bond), it is conditionally essential, vegetable oil and meats
· Omega 3 
· Body can use linolenic acid to make eicosapentaenoic acid (20 carbon, five double bonds) and docosahexanoeic acid (22 carbon, six DB) – eyes, brain
· Eicosanoids 
· Derive from 20 carbon compounds, affect only cells where they are made and have different effects on every cell (ex. blood pressure, blood clotting)
· Prostaglandins, thromboxanes, leukotrienes 
· Lipid Metabolism
· Store fat as fat 
· Lipoprotein lipase hydrolyzes triglycerides passing by and fatty acids, monoglycerides, and diglycerides are stored in adipose cells (reassembled into triglycerides)
· Use fat for energy
· Fat – 60% of energy at rest 
· In energy deprivation, hormone sensitive lipase from adipose cells hydrolyzes triglycerides allowing them to escape into circulation for other body parts to use as fuel
· 1 lb of body fat = 3500 kcal

Health effects and intakes

Health effects 
Desirable blood lipid profile: LDL cholesterol – <100 mg/dL, HDL > 60 mg/ dL, Total Cholesterol < 200 mg/dL, Triglycerides , 150 mg/dL
· Heart disease – high cholesterol major risk for CVD which is caused by atherosclerosis 
· Risks from saturated fats – saturated fats raise LDL cholesterol, LDL cholesterol raises risk of heart disease 
· Lauric, myristic, and palmitic acids
· Major sources: animals, and their products (milk, cheese(
· Risks from trans fats
· Trans fatty acids riase LDL, lower HDL, increased chance of heart disease
· Margarine, cakes, cookies (margarine still > butter b/c butter has saturated fats and cholesterol
· Risks from cholesterol
· Increased heart disease 
· Benefits from monounsaturated and polyunsaturated fats 
· Mono – olive oils, canola oil, avocado
· Poly – nuts seeds, veg. oil
· Prevent heart disease
· Benefits from omega 3 
· Decrease risk of heart disease, stroke, blood clots, lower BP
· Obtained from fatty fish, vegetable oils, flaxseed
· Shouldn’t exceed 3 grams a day or else negative side effects
· Omega 6 – Omega 3 Ratio
· Not beneficial to make ratio, simply increase amount of omega 3
· May promote cancer, but not cause it 

Recommended Intakes
· No RDA or upper level set 
· Linoleic Acid: 5-10% of fat, linolenic acid:0.6 – 1.2% of fat
· Low saturated fat, trans fat, and cholesterol

From Guidelines to Groceries 

· Meat and alternates – select free range meats from grass fed instead of grain fed livestock
· Milk – Fat free and low fat options provide as much or more protein calcium, but with little or no saturated fat
· Vegetables, Fruits, and Grains – Most fruits and veg contain no fat, if any polyunsaturated which isn’t bad for heart 
· Invisible fat – hidden as marbles of a steak, in cheese, fried food, baked goods
· Fat Replacers – provide taste and texture of fats, but with fewer kcalories
· Carb based (soup, salad dressing), protein based (yogurts, ice cream), fat (cakes , cookies)
· Artificial fats – zero energy replacers that are chemically synthesized to mimic the sensory and cooking qualities of naturally occurring fats (olestra)

Highlight
-Olive oil has many beneficial health features, but still fat, should be used to REPLACE saturated fats 
- 1% increase in dietary saturated fatty acids – 2% increase in LDL cholesterol – 2% increase in heat disease risk

Lesson 6 –Water Soluble Vitamins 
Chapter 10 & Highlight

Vitamins – organic, essential nutrients required in tiny amounts to perform specific functions that promote growth, reproduction, or maintenance of health and life (vita – life, amine – containing nitrogen – first vitamins did)

Water Soluble – Vitamins B and C
Fat Soluble – A, D, E, K 

Vitamins are individual units, do not yield energy (assist in releasing energy), and measured in micrograms or milligrams instead of grams

Bioavailability – extent to which a nutrient is absorbed and used 
Precursors – Provitamins that are inactive but converted into vitamins once in the system
Vitamins are organic, thus if not maintained properly they an be destroyed and un able to function (to delay – rinse fruits and vegs before cutting, refridgerate promptly, store properly 
Dose level and effects of vitamins – “better” increases until a certain point, then decreases 

Water vs Fat Soluble

Absorption: Water – directly into blood, fat –lymph then blood
Transport: W – travel freely, f – require transport proteins
Storage: W – circulate freely in water based parts of body, f – storage in fat cells 
Excretion: W – kidneys, F – less readily excreted, remain in stores
Toxicity: W – possibly with supplement consumption, F – likely with supplement consumption
Requirements: W – frequent, F – less frequent 

B Vitamins

· Thiamin, riboflavin, niacin, pantohenic acid, biotin are part of coenzymes (associate closely with certain enzymes) that assist in release of energy from carbs, fat, and protein
· Compounds do not respond to enzyme without coenzyme, vitamin part of coenzyme allows chemical reaction to occur, remaining allows for binding action

Thiamin (Vitamin B1)
· Vitamin part of coenzyme thiamin pyrophosphate (TPP)
· Deficiency – People who do not eat enough food to meet energy needs, or people who eat empty kcalorie foods and beverage
· enlarged heart, cardiac failure, muscular weakness, apathy, poor short term memory 
· 4 out of 5 alcoholics have thiamin deficiency, can result in Wernicke- Korsakoff syndrome
· Thiamin deficiency – beriberi; dry = nervous system, wet = cardio
· Wet usually associated with edema 
· Excellent, unusual sources – pork chop, lean; soy milk; squash, acorn
· Best sources per kcalorie: tomato juice, fortified cornflakes
· Found in all nutritious foods
· Enriched, fortified whole grain products
· Easily destroyed by heat (prolonged cooking)

Riboflavin (Vitamin B2)
· Vitamin part of coenzymes FMN and FAD (accept and donate hydrogens)
· Deficiency – ariboflavinosis: inflammation of membranes of mouth (cracks, redness) – angular stomatitis or cheilosis, skin, eyes, and GI tract, smotthness of tounge – glossitis  
· Sources – Milk products provide riboflavin for most diets
· Excellent, unusual sources: liver, mushrooms, clams
· Best sources per kcalorie: egg, yogurt, milk, broccoli, cornflakes 
· Easily destroyed by ultraviolet light and irradiation (why milk is sold in cardboard instead of glass bottles)

Niacin (Nicotonic acid, niacinamide, vitamin B3)
· Can be eaten preformed, or activated through precursor tryptophan
· 60 mg of tryptophan to make 1 mg of niacin; recommended intakes are stated in niacin equivalents 
· Deficiency  - Pellagra (symptoms: 4 d’s – diarrhea, dermatitis, dementia, death) 
· Toxicity – large doses from supplements or drugs (no harm from food) cause niacin flush (burning, tingling, itching sensation that occurs with a large dose of nicotinic acid – accompanied by headache, reddened face, arms, chest) 
· Less vulnerable to losses during food preparation, more heat resistant 
· Sources – meat, fish, poultry, peanut butter (protein), and enriched grains
· Unusual – liver, peanuts, mushrooms
· Best per kcalorie: tuna, canned in water; chicken breast, and fortified corn flakes

Biotin 
· Coenzyme that carries activated carbon dioxide; necessary in glucogensis, fatty acid synthesis, and break down of fatty and amino acids
· Needed in very small amounts
· Deficiency – RARE, but found when consumed at least two dozen raw eggs whites as they produce avidin which binds biotin (skin rash, hair loss, neurological impairment)
· Sources – liver, egg yolks, soybeans, also produced by GI tract 

Pantothenic acid 
· Part of coenzyme A (CoA)
· Deficiency – rare, involves failure of all body’s system and include symptoms of fatigue, GI distress, neurological disturbances (Burning Feet syndrome)
· Food Sources – beef, poultry, whole grains, potatoes, tomatoes, broccoli 
· Readily destroyed by freezing, canning, and refining products

Vitamin B6
· Three forms: pyridoxal pyridoxine, and pyridoxamine; coenzyme PLP
· Stored extensively in muscle tissue; linked to cognitive performance, immune function, hormone activity, amino acid & fatty acid metabolism
· Deficiency – Synthesis of key neurotransmitters diminishes (depression, confusion --- convulsions), alcohol causes destruction and loss of B6, isoniazid (treats TB) is a B6 antagonist 
· Other deficiency symptoms – scaly dermatitis, small cell anemia (microcytic anemia)
· Toxicity – has toxic concentrations in body, overuse in failed self treatments of CTS (symptoms – muscle weakness leading to inability to walk, convulsions, skin lesions, nerve damage causing numbness)
· Sources: Excellent and unusual – prune juice, bluefish, and squash, acorn
· Best sources per kcalorie: watermelon, banana, tomato juice, broccoli, cornflakes, fortified 

Folate (folic acid, folacin, pteroylglutamic acid)
· Coenzyme forms are DHF and THF 
· Converts B12 into one of its coenzyme forms 
· Folate occurs naturally in food as polyglutamate   in intestine glutamates break off, methyl group added, folate absorbed  fole trapped in inactive form  B12 activates folate by removing methyl group which actived itself  both are now in coenzyme form ready for DNA synthesis 
· Greater bioavailability when taken as supplement, 1.7 times rate of naturally occurring folate 
· Dietary Folate Equivalents (micrograms food folate + (1.7 x micrograms synthetic folate)
·  Folate supplements can help prevent neural tube defects; all women of child bearing age should take 0.4 milligrams a day 
· Folate fortification concerns – high intakes can mask B12 deficiency – therefore should not exceed 1 milligram daily
· Protects against heart disease – break down homocysteine (usually accumulates and clots)
· Cancer – synthesis of DNA means that may help cancer prevention, but enhance once contracted
· Deficiency – impairs cell division and protein synthesis 
· Limits replacement of red blood cells and GI tract cells, leads to anemia and GI tract deterioration 
· Anemia in f. defic = large, immature red blood cells which are small in number
· Most vulnerable to interactions with drugs of all vitamins, which can lead to secondary deficiency 
· Anticancer drugs have similar structure to folate, so displaces vitamin from enzymes 
· Toxicity – naturally occurring = no harm; supplements can reach levels high enough to cause B12 deficiency 
· Easily destroyed by heat and oxygen
· Excellent and sometimes unusual = lentils, asparagus, orange juice
· Best per kcalorie: pinto beans, broccoli, tomato juice 

Vitamin B12 
· Coenzyme Activated when folate gives up methyl group, characterized by presence of cobalt
· Active forms of coenzyme are methylcobalamin and deoxyadenosylcobalamin
· Small intestine receptors only recognize B12 if if intrinsic factor is activated ( glycoprotein secreted by stomach cells that binds with B12 in SI to aid absorption of B12), reabsorbed 
· Deficiency – reflect lack of absorption (secondary deficiency) due to lack of intrinsic factor (need to absorb) or HCL acid (need for release from proteins)
·  Elderly people develop atrophic gastritis (damages stomach cells, production of HCL), in combination with lack of intrinsic factor leads to pernicious anemia 
· Prolonged inadequate intake in vegan diets
· Folate “masks” a b12 deficiency b/c folate cures growing blood cell symptoms in anemia, but cannot stop nerve symptoms from progressing
· Deficiency impairs cognition, degeneration of peripheral nerves leading to paralysis, sore tongue
· Easily destroyed in microwave
· Found only in animal derived foods 

Choline
· Nitrogen compound, can be made from AA methionine 
· Needed to make acetylcholine and lecithin
· Deficiency is rare – symptoms = liver damage
· Found in milk, liver, eggs, peanuts

Insitol – nonessential nutrient that can be made from glucose, part of cell membrane structure
Carnitine – nonessential, nonprotein amino acid made in body from lysine that helps transport fatty acids across mitochondrial membrane 

Vitamin B Roles
· Indispensible to every step in metabolism 

Vitamin C 
· Scurvy – vitamin C deficiency disease 
· Antiscorbutic factor (original name for Vitamin C) – limeys 

Roles
· Antioxidant (significantly decreases the adverse effects of free radicals on normal physiological functions in the human body)
· Free radicals – unstable molecules with one or more unpaired electrons 
· Ascorbic acid becomes dehydroascorbic acid 
· Like a bodyguard, prevents body tissues from oxidative stress
· Cofactor in collagen formation 
· Collagen = structural protein from which connective tissues such as scars, tendons, ligaments, foundations for bone and teeth are made
· In stress (found most in adrenal glands, released in times of stress)
· Prevention and treatment of common cold
· Nasal congestion occurs in response to elevated blood histamine (produced by local cells in response to immune reaction to antigen)

Recommendation
· 10 mg a day to prevent scurvy, 100 mg a day most have tissue saturation, smokers require extra 35 mg 

Deficiency
· Gums bleed around the teeth and capilliaries under skin break, producing pinpoint hemmorages 

Toxicity
· Gastrointestinal distress and diarrhea 
· Excess vitamin c can obscure urine tests 
· Aggravatin of gout symptoms, kidney stones

Sources
· Excellent, unusual: red bell pepper, kiwi, brussel sprouts
· Best for kcalorie: broccoli, strawberries
· Fruits provide a ton

Fat Soluble Vitamins (Chapter 11) + Water (382- 393)

Vitamin A and Beta Carotene
· First fat soluble vitamin 
· Beta carotene – precursor of vitamin A
· Three forms of active vit. A are: retinol, retinal A, retinoic acid (retinoids)
· Animal – retinyl esters, Plants- cartenoids (some have vitamin A activity – alpha carotene, beta carotene, beta - cryptoxanthin)
· Retinol (alcohol) to retinal (aldehyde) reversible, retinol to acid irrevisble

Roles
· Promote vision, protein synthesis and cell differentiation, reproduction and growth
· In foods: retinyl esters (animal) – retinol (reproduction), beta carotene (plants) – retinal (vision), retinoic acid (growth)
· Vision – maintains clear window for cornea and converts light energy into nerve impulses at retina
· Pigment absorbs certain wavelengths of light so it only reflects those that we perceive as certain colour
· Pigment cells in rhopsdin, which is comprised of a protein called opsin bound to retinal
· Protein synthesis and cell differentiation – vitamin A protects against skin damage from sun; allows for cell differentiation in epithelial cells where immature cells develop specific functions different from those of the original
· Maintains integrity of mucous membranes 
· Reproduction and Growth 
· Retinol – sperm development, Vitamin A – fetal development 
· Vitamin A helps in process to make bones grow by remodeling (cells that build – osteoblasts, cells that destroy – osteoclasts)
· Beta – carotene as antioxidant 

Deficiency
· Symptoms wouldn’t appear until 1-2 years after in healthy adult once stores are depleted 
· Infectious disease: measles, also could lead to pneumonia, diarrhea
· Night Blindness: slow recovery of vision after flashes of bright light at night or inability to see in dim light (early symptom) – not enough retinal to regenerate pigments bleached by light
· Blindness (xerophthalmia): lack of vitamin A in cornea, becomes dry and hard, no tears (progressive blindness), keratomalacia – softening of cornea, irrevisible blindness, severe deficiency
· Keratinization: accumulation of keratin (water insoluble protein, normal protein of hair and nails) in tissue
· epithelial cells secrete keratin

Toxicity
· All binding proteins are swamped, free vitamin A damages cells 
· Risk from preformed vitamin A, children at risk b/c small UL
· Bone defects, leads to osteoperosis, fractures (even multivitamins have way more A than we need – 1500 vs 900)
· Birth defects – teratogen; abnormal cell deaths in spinal cord
· Accutane made from vitamin A, but in diff. form 

· Measure of Vitamin A activity: retinol activity equivalents (1microg of retinol = 12 microg of beta carotene

· Significant Sources
· Retinol – animals: liver, fish liver oils, milk (not skimmed)
· Beta Carotene – dark leafy greens (spinach), orange, yellow
· Usually found in bright colours, not the case with corn and beets ( xanthophylls) 
·  Be cautious of eating liver – stored in liver for animals like humans, so very rich, avoid toxic levels 

· Deficiency disease called hypovitaminosis A, toxic = hyper 

· Vitamin D
· Diet forms: plant version (vitamin D2 or ergocaliciferol), animal version (vitamin D3 or cholecalciferol)
· 7 dehydrocholesterol activated by sun to become previtamin D3  vitamin d3, hydroxylation (addition of OH group) occurs in liver (after is called calicidol) then in kidneys (called cacitrol)

· Roles – Bone growth (part of bone building team -main role is to assist in absorption of phosphorous and calcium

· Deficiency – dark skin, breast feeding without supplementation, lack of sunlight, not using fortified light
· Production of protein used to bind calcium slows 
· Rickets: inadequate mineralization of bone (bowed legs, knock knees, knobs on ribs, bowed chest), delayed closing of fontanel (top of skull)
· Result from failure to normally calcify 
· Rachitic rosary – poorly formed rib attachments resemble rosary beads
· Osteomalcia – softening of the bones (bending of spine, bowing of legs)
· Osteoperosis
· Elderly – skin, liver, kidneys lose capacity to make and activate vitamin D with advancing age; drink little to no milk; much of the day indoors

· Toxicity 
· Most likely of vitamins to have toxic effects when consumed in excess
· Raises concentration of blood calcium (hypercalcemia), precipitate in soft tissue, forms stones (kidneys, blood vessels)

· Recommendations and Sources
· Vitamin D in foods – sunny, not necessary, not sunny, drink at least two cups of vitamin d fortified milk (only egg yolks and oily fish contain it naturally)
· From the sun – prolonged exposure degrades conversion to vitamin
· Dark skinned people need more time to get fill

· Vitamin E
· Alpha-tocopherol – active vitamin E compound
· Key antioxidant nutrient (along with vitamin c, and beta carotene)
· Main action is to stop chain reaction of free radicals producing more free radicals 
· Reduce risk of heart disease

· Deficiency – primary is rare, usually comes from cystic fibrosis 
· W/o vitamin, red blood cells break open - erythrocyte hemolysis
· Few blood cells leads to hemolytic anemia
· Vitamin E also treates fribocystic breast disease and intermittent claudication (leg cramping)

· Toxicity is rare, but very high dosage may interfere with blood clotting
· Found in vegetable oils, margarine, salad dressings, wheat germ oil
· Readily destroyed by heating and oxidation

· Vitamin K 
· Can be obtained from non food source – bacteria in the GI tract can synthesize it 
· Acts primarily in clotting
· When clotting doesn’t occur, results in hemorrhagic disease (can also happen because of hemophilia – not curable through K)
· K – koagulation (clotting)
· Used for metabolism of bone proteins – osteocalcin (calcium binding protein for bones)
· Without K, can’t bond to minerals that normally form bones (low density)

· Deficiency – fat absorption falters; some drugs disrupt K’s synthesis and action in the body (antibiotics kill K bacteria in GI tract)
· Newborns – sterile tract, shot must be given at birth (phylloquinone, menadione, menaquinone, napthoquinone)
· Vitamin K rich foods = leafy green vegetables, cabbage type vegetables, milk 

Water
· 60% of adult body weight, ¾ weight of lean tissue, ¼ weight of fat
· At water balance, intake = output

Water Balance and Recommended Intakes 
· Intracellular Fluid (potassium, phosphate)  = inside cells, Extracellular Fluid = outside cells … composed of (Interstitial Fluid (sodium, chloride)
 = between cells, Intravascluar = inside blood vessels) 

Water Intake – when inadequate, blood becomes concentrated, mouth becomes dry, hypothalamus initiates drinking behaviour
· Severe dehydration can lead to 10% loss in body weight and death
· Hyponatermia – decreased concentration of sodium in blood which can occur from water intoxication (water contents are too high in all body fluid compartments – 10: 20 L)

Water Sources
· Fruits and vegetables = 90-99% water; meats at least 50% 
· Water from condensation reactions and other reactions = metabolic water
· Liquids (550 – 1500 mL), Food (700-1000), Metabolic Water (200-300)

Water Losses
· Body must excrete at least 500 mL a water each day as urine (obligatory water excretion)
· Above this, excretion adjusts, urine becomes more diluted 
· Daily losses usually = 2.5 L; Urine ( 500 to 1400), Sweat (450 to 900), Breath (350), Feces (150)

· Adequate Intake for Water – 3.7L for men, 2.7L for women
· People drinking caffeinated beverages lose more fluid because it acts as diuretic 

Health Effects of Water
· Protects against urinary stones and constipation
· Hard water – high concentrations of calcium and magnesium
· Soft water – high concentrations of sodium and potassium
· Soft = more desirable in house, hard = more desirable in body
· Soft water dissolves harmful contaminents; old plumbing means you should run tap for few minutes before drinking 

Blood Volume and Blood Pressure 
· Instructions for kidneys to retain or release waters or substances from:
· AntiDureticHormone – responds to dehydration, kidneys reabsorb more water, excrete less  
· Renin – kidneys reabsorb sodium, converts angiotensin to angiotensin 1
· Angiotensin 2 – angiotensin 1 is converted into it by another enzyme; acts as powerful vasoconstrictor to raise blood pressure
· Aldosterone – angiotensin 2 stimulates release of aldosterone, it increases reabsoprtion of sodium by kidneys, release CL and K

Fluid and Electrolyte Balance
· Dissociation of Salt in Water
· Positive ions = cations, negative = anions 
· Ions dissolved in water have electrical current (electrolytes)
· In all electrolyte solutions, anion and cotion concentrations are balanced 
· Ex. Cations – sodium, potassium, calcium, magnesium
· Anions – chloride, bicabonate, phosphate, sulfate  (intra cell – 202 mEq/L, extra cell – 155 mEq/L) – milliequivalents per litre 
· Electrolytes attract water – net charge of zero but hydrogen slightly positive, oxygen slightly negative 
· Water follows electrolytes – cell membranes are selectively permeable, when electrolytes move across water follows
· Osmosis = movement of water across membrane toward side where solutes are more concentrated 
· Proteins Regulate Flow of Fluids and Ions
· Regulation of Fluid and Electrolyte Balance
· Regulation at GI tract and kidneys
· Digestive juices of GI tract contains minerals; reabsorbed at large intestine
· Kidneys regulate electrolyte contents by response to aldosterone 

· Fluid and electrolyte imbalance 
· Different Solutes lost by different routes (ex. vomiting, diarrhea)
· Replacing lost fluids and electrolytes (drinking cool water and eating food, or use simple formulas like oral rehydration therapy (water, sugar, and salt)

· Acid-Base Balance
· High concentration of hydrogen is very acidic; low is acid, ^ = base
· Regulation By Buffers
· Bicarbonate and carbonic acid act as neutralizers (carbonic acid dissociates to bicarbonate)
· Regulation in Lungs
· Control concentration of carbonic acid by raising or slowing respiration rate; too much carbonic, respiration speeds up, increases hyperventilation to decrease carbon dioxide
· Regulation in Kidneys
· Control concentration of bicarbonate by either reabsorbing or excreting it 

Lesson 8: Minerals

Chapter 12 + Highlight, Chapter 13

· Major minerals – essential mineral nutrients the human body requires in relatively large amounts (greater than 100 mg per day – macrominerals)
· Minerals are inorganic, cannot be destroyed, will maintain identity until excretion
· Body handles all minerals differently (some like water soluble, fat soluble)
· Some foods contain binders, which are chemical compounds that form with minerals to form inabsorbable complexes

· Sodium (1500 mg/ day)
· Principal cation in extracellular fluids, critical to maintenance of fluid balance, nerve impulse transmissions, muscle contractions 
· Travels freely in blood until reaches the kidneys, where kidneys return only what’s necessary for the body’s use, and rest of sodium is excreted
· Salt not sodium is culprit of high blood pressure 
· Salt sensitivity is common in 50% with high BP, 25% with normal
· Dietary Approaches to Stop Hypertension (select fresh foods, don’t cook with salt, select low salt when available…)
· Associated with bone loss (high calcium excretion)
· Toxicity = edema and high blood pressure
· Processing foods increases sodium, decreases potassium
· Deficiency: muscle cramps, loss of appetite, mental apathy 

· Chloride (2300 mg/ day)
· Major anion in extracellular fluid, ionic form of chlorine 
· Maintains fluid and electrolyte balance, part of hydrochloric acid, necessary for proper digestion
· Salt is about 60% chloride; it is abundant in processed food
· Toxicity symptoms = vomiting 

· Potassium
· Major cation WITHIN cells 
· Maintain fluid and electrolyte balance, supports cell integrity, nerve impulse transmission and muscle transmission
· Abundant in all living cells, richest sources are fresh foods 
· Low in potassium = high blood pressure 
· Deficiency – increase in BP, salt sensitivity, kidney stones, bone turnover, irregular heartbeats, glucose intolerance
· Toxicity – not from eating foods high in potassium, but from overconsumption of potassium salts
· If potassium is injected directly into vein it can stop the heart 
· Excellent and unusual sources: squash, acorn; soybeans; artichoke 
· Best sources per kcalorie: strawberries, tomato juice, carrots, broccoli 

· Calcium
· Most abundant mineral found in body; (99% in bones and teeth)
· Integral for bone structure and calcium bank in bones
· As bones form, calcium salts form crystals called hydroxyapatite on collagen 
· Mineralization – calcium and phosphorous crystallize on collagen matrix of growing bone to harden it 
· In body fluids, calcium helps to maintain normal blood pressure and blood clotting in extracellular, while intercellular calcium binds to proteins within the cells and activates them
· Disease prevention – hypertension
· Obesity – inverse relationship between calcium intake and body weight 
· Calcium Balance – regulated by vitamin D and two hormones (calcitonin and parathyroid hormone) 
· Rising blood calcium – signals thyroid gland to secrete calcitonin to lower calcium levels 
· Falling blood calcium – signals parathyroid glands to secrete parathyroid hormone to raise levels 
· Calcium in bone has inexhaustible bank so blood calcium can borrow from bone, diminishing bone calcium levels 
· Blood calcium concentrations above normal results in calcium rigor – hardness or stiffness of the muscle; below normal results in calcium tetany = spasms
· Absorption – adults absorb 30% of calcium they ingest 
· Vitamin D helps to make calcium binding protein for absorption
· Enhanced by stomach acid, vitamin d, lactose 
· Calcium Recommendations and Sources – calcium maintains blood concentration regardless of dietary intake 
· When intake is lower, bones suffer, when higher, bones can reach peak bone mass 
· Excellent and unusual sources 
· Sardines, with bones; bok choy (cabbage); almonds
· Best per kcalorie
· Tofu, milk, yogurt, cheese, broccoli 
· Cauliflower, bok choy, broccoli, highest bioavailability for calcium 
· Deficiency – peak bone mass in late 20’s, osteoperosis begins to affect older women later (stunted growth in children, osteoperosis in adults)
· Toxicity – interference with absorption of other minerals, increased risk of kidney dysfunction and urinary stone formation

· Phosphorus 
· Second most abundant mineral in the body
· 85% found combined with calcium in bones and teeth, part of DNA and RNA (required for growth), buffer system in every cell, used in energy metabolism
· Deficiency symptoms (rare) – muscular weakness, bone pain
· Toxicity symptoms – Calcification of nonskeletal tissues (kidneys)
· Excellent and unusual sources: liver, almonds, candy bar 
· Best sources per kcalorie: tofu, sunflower seeds, cottage cheese, yogurt, milk, broccoli, and animal tissues 

· Magnesium
· Cation within body’s cells, active in many enzyme systems 
· Only 1 ounce in average person, half in bones
· Catalyst in energy metabolism, muscle contraction and blood clotting (calcium promotes this, magnesium inhibits this), functioning of immune system, bone mineralization
· Deficiency – impair central nervous system activity, tetany, bizarre muscle movements, difficulty swallowing
· Toxicity  - rare, from nonfood sources only
· Protects against hypertension and heart disease

· Sulfate
· Salt produced from oxidation of sulfur 
· Stabilizes shape of proteins by forming disulfide bridges, part of biotin, thiamin, insulin
· None known deficiency symptoms (would be protein deficiency)
· Toxicity would only occur if sulfur containing amino acids were eaten in excess
· Food sources – protein

Chapter 13 – The Trace Minerals
· Essential mineral nutrients the human body requires in relatively small amounts (less than 100 mg per day) – microminerals 
· Trace minerals are toxic after two and a half to seven times requirement

· Iron
· Two ionic states: ferrous iron (reduced, lost two electrons), and ferric iron (oxidized, lost three electrons)
· Therefore iron is cofactor in oxidation-reduced reactions 
· Found in hemoglobin in red blood cells and myoglobin in muscle cells 
· Absorption – more is absorbed when empty, less when full
· Ferritin captures iron from food and stores it, releases it to transport protein called transferring
· If iron is not needed it is excreted when intestinal cells are shed every three to five days
· Heme Iron = found only in foods derived from flesh of animals (bound to hemoglobin and myoglobin proteins)
· Non Heme Iron = not bound to proteins, derived from plant and animals (60% of iron in meat, fish, poultry; heme is 40)
· Heme = 10% of iron consumed (25% absorbed), Non Heme – 90% of iron consumed (17% absorbed)
· Absorption Enhancing Factors
· Meat, fish, poultry contain MFP factor which promotes absorption of nonheme iron 
· Vitamin C
· Absorption Inhibiting Factors 
· Phytates (legumes), Vegetable proteins, calcium, tannic acid 
· Individual variation 
· 18% of dietary iron comes from mixed diets, 10 from veg.
· In transport and storage
· When iron is abnormally high, liver converts ferritin into hemosiderin, which releases iron more slowly
· Recycling – avg. red blood cell lives four months, then taken apart where iron is salvaged and transferred back to bone marrow to make new red blood cells 
· Hepcidin regulates iron balance 
· Deficiency – most common nutrient deficiency 
· Iron deficiency anemia = low hemoglobin, small, pale red blood cells
· Common among overweight children & adolescents 
· High risk for iron deficiency: women in reproductive years, pregnant women, infants and young children, teenagers 
· Bleeding = iron losses 
· Stages of deficiency:
· Iron stores diminish
· Transport iron decreases
· Hemoglobin production declines 
· Erythrocyte protoporphyrin (precursor) accumulates, hematocrit (measurement of volume of red blood cells packed by centrifuge)
· Deficiency and Anemia – cells can’t carry enough oxygen from lungs to tissues (skin becomes noticeably pale) 
· ONLY feel fatigue when exerting oneself 
· Deficiency and Behaviour – reduces physical work capacity and mental productivity (appear unmotivated, apathetic, less fit)
· Deficiency and Pica – craving and consumption of ice (pagophagia), starch (amylo…), clay and chalk (geo)
· Toxicity – Iron Overload (hemochromatosis) 
· Usually caused by genetically determined failure to prevent unneeded iron from being absorbed 
· Absence of hepcidin causes this 
· Other causes of overload: repeated blood transfusions, massive doses of supplementary iron, hemosiderosis (deposits of hemosiderin in liver, heart, joints) 
· Same symptoms as deficiency, blood test is IMPERATIVE
·  Tissue damage 
· More common in men 
· Heart disease linked to excess iron
· Iron linked to some cancers
· Iron Poisoning – GI distress, nausea, vomiting, diarrhea 
· Recommendations and Sources 
· Vegetarians need 1.8 times as much iron
· Excellent and sometimes unusual sources: clams, canned; beef liver; parsley
· Best sources per kcalorie: broccoli, tomato juice 
· Best iron foods are protein rich
· Iron added to foods is nonheme iron
· Contamination and Supplementation 
· Contamination iron is iron found in foods as the result of contamination by inorganic iron salts from iron cookware, iron containing soils, etc 
· Supplements – better absorbed when taken as ferrous sulfate or cholate, as opposed to other supps
· Vitamin C only helps iron absorption when iron comes from foods
· Zinc
· Supports work of numerous proteins in the body like metalloenzymes (enzymes that contain one or more minerals in structure)
· Making insulin, genetic material and proteins, immune reactions, transport of vitamin A, taste perception, wound healing, making sperm
· Absorption – varies from 15 to 40% depending on status
· Upon absorption either participate in metabolic functions of intestinal cell or retained in cells by metallothionein 
· Recycling – when reaches pancreas, used in secretions (SI gets double dose from secretions and food)
· If body needs zinc, metallothionein releases zinc to albumin and transferring for transport to rest of body (whole circle is called enteropancreatic circulation)
· Albumin is main transport for zinc 
· Deficiency – Growth retardation, immature sexual development, causes diarrhea, malnutrition, impairs vitamin A metabolism 
· Toxicity – vomiting, diarrhea, headaches, low HDL, copper and iron deficiencies 
· Excellent and unusual sources – oysters, sirloin steak, lean, crab
· Best per kcalorie: ground beef, yogurt, broccoli (meat is best overall)
· Elimination - poop

· Iodine
· Iodide is indispensible to life
· Integral part of thyroid hormones that regulate body temperature, metabolic rate, reproduction, growth, blood cell 
· Thyroid gland releases thyroxine to target tissues 
· Deficiency – Hypothalamus regulates production by controlling release of pituitary stimulating hormone Thyrotropin (TSH)
· When deficiency, thyroid hormone production declines, body secretes more TSH in futile attempt to accelerate iodide uptake, increases size of thyroid gland causing goiter 
· Goiters can be caused, rarely, by eating an excess of foods with goitrogen (cabbage, soybeans, peaches)
· Most common cause of preventable mental retardation and brain damage in the world
· Severe iodine deficiency during pregnancy causes extreme retardation – cretinism 
· Toxicity – underactive thyroid gland, goiter, mental and physical retardation in infants
· Sources – ocean, iodized salt, seafood, bread, plants grown in iodine-rich soil and animals fed those plants 
· ½ tbsp of salt provides RDA
· All table salt is iodized in Canada 

· Selenium
· Similar to sulfur (substitutes in methionine, cysteine, cystine)
· Antioxidant nutrient
· Deficiency – heart disease (keshan disease – heart enlargement and insufficiency)
· May help prevent some cancers 
· Found in soil, so crops that grow in soil are good source 
· Toxicity – loss and brittleness of hair and nails, garlic breath, nervous system abnormalities 

· Copper 
· All copper containing enzymes involve reactions that consum oxygen or oxygen radicals
· Key in hemoglobin synthesis 
· Foods not likely to cause toxicities, only supplements (deficiency – anemia, bone abnormalities; toxicity – liver damage)
· Menkes disease – absorb copper, can’t release it
· Wilson’s disease – copper accumulates in brain and liver, toxicity
· Richest food sources = legumes, whole grains, nuts, shellfish
· more than half is absorbed, elimination – bile 

· Manganese – 20 mg in body
· cofactor for many enzymes, bone formation 
· Deficiencies are rare, but things like phytates can limit absorption
· Toxicity more likely, miners inhale manganese dust: brain disease, abnormalities in appearance, behaviour, nervous system
· Grain Products

· Flouride – soils, water supplies, plants, animals
· Flouride produces hydroxyl portions of hydroxyapatite forming fluropatite to stabilize bones and teeth
· Deficiency - Lack of fluoride leads to dental decay
· Drinking water is best source for fluoride 
· Toxicity – fluorosis – discolouration and pitting of tooth enamel caused by excess fluoride during tooth development (DON’T SWALLOW TOOTHPASTE OR MOUTHWASH)

· Chromium
· Enhances activity of insulin (glucose tolerance factors)
· Best sources are unrefined food: liver, brewer’s yeast, whole grains
· Deficiency leads to diabetes like condition 

· Molybdenum 
· Working part of several metalloenzymes 
· Deficiencies are unknown because amounts needed are miniscule 
· Legumes, breads, nuts, leafy green vegetables, best sources
· Toxicity is rare; reproductive effects in animals 

Chapter 7 – Alcohol HIGHLIGHT

· Alcohol in moderation may have health benefits, lower mortality in adults older than 35
· Alcohol is a class of organic compounds containg hydroxyl groups 
· Ethanol contains one hydroxyl
· Alcohol dissolve lipids out of cell membranes allowing alcohol to penetrate rapidly and destroying cells
· A drink is anything that delivers ½ an ounce of ethanol (1 and a half shots, a beer)
· Proof – percentage of alcohol (100 proof = 50%)
· Needs no digestion, quickly absorbed in walls of empty stomach reaching brain in minutes 
· Alcohol broken down by alcohol dehydrogenase enzyme (women produce less – more alcohol goes in blood stream)
· Liver is first place to receive alcohol laden blood 
· Liver can metabolize a half ounce of ethanol per hour 
· If more alcohol is at liver then can handle, it circulates body until enzymes are available 
· Breaks down alcohol by:
· dehydrogenase oxidizing alcohol to acetaldehyde (responsible for damaging effects of alcohol abuse)
· acetaldehyde dehydrogenase converts acetaldehyde to acetate, which is converted to CO2 or Acetyl CoA
· Produces hydrogens and electrons – NAD (niacin) picks up hydrogens and electrons (NADH) and takes them to chain
· Causes all things that require NAD (glycolysis, TCA cycle, electron transport chain) to falter 
· Accumulation of NADH slows TCA cycle, so excess acetyl CoA clogs liver
· Fatty liver = first stage of liver deterioration, interferes with nutrient, oxygen distribution
· Second stage = fibrosis; lose their function, assume characteristics of connective tissue cells (seen in viral hepatitis, alcoholic liver disease)
· Third stage = cirrhosis; turn orange, die, harden
· Difficulty making glucose + excess acetyl CoA = ketosis 
· Synthesis  of proteins for immune system slows down
· MEOS (microsomal ethanol oxidizing system) handles one fifth of total alcohol consumption
· Alcohol ALWAYS takes priority in body 
· Alcohol sedates inhibitory nerves
· Brain – frontal lobe (judgment), midbrain (speech and vision), cerebellum (voluntary muscle control), pons, medulla oblongata (respiration, heart)
· Brain cells die with exposure to alcohol, but not all can be replaced like liver 
· Depresses production of antidiuretic hormone (ADH) which retains water
· Less ADH – more water is lost
· Almost as efficient as fat in promoting weight gain – causes obesity
· 7 kcal/g
· Most dramatic effect on folate 
· Liver cannot retain, kidneys increase excretion
· Excess of homocysteine 
· Thiamin deficiency- wernicke korsakoff syndrome 
· Acetaldehyde interferes with nutrient use – dislodges B6 from binding protein
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