Food

· Essential Nutrients
· Carbohydrates
· starches and other carbohydrates broken down to produce glucose (blood sugar) used to make ATP precursors in citric acid cycle
·  fructose (fruit sugar) converted to glucose only in liver; too much fructose (high fructose corn syrup) overloads liver, makes it resistant to insulin (makes liver store glucose as glycogen), can lead to type-2 diabetes (insulin resistance)
· in ketogenic diet liver produces glucose from glycerol obtained by breaking down fats
· Vitamins
· Vitamins A, D, E, and K are fat-soluble
· Fat-soluble vitamins more toxic than water-soluble vitamins; they build up in the liver
· All fat-soluble biochemicals are processed by the liver; too much fat and lipid in liver causes cirrhosis, eventually liver failure and death
· Bad idea to supplement vitamin A (toxic); D, E, and K less toxic but only supplement in recommended amounts (micrograms to milligrams)
· Vitamins B and C are water-soluble
· Water-soluble vitamins not as toxic as fat-soluble vitamins; they wash out of the body (urine) readily
· Can supplement these in gram amounts without toxic effects
· Vitamins F, G, H, I, and J were renamed as different B vitamins
· Minerals
· Macronutrient minerals can safely be consumed in gram amounts
· K+, Cl–, Na+, Ca2+, P
· Should balance Na+ and K+ by consuming or supplementing K+
· Should balance Ca2+ and Mg2+ (a micronutrient) by supplementing Mg2+ if you supplement Ca2+
· Micronutrient minerals are more toxic; only supplement in microgram amounts
· Mg2+, Fe3+, Mn2+, Cu2+, I–, Mo2+, Se, Co2+
· Do not supplement iron (Fe3+); according to CDC iron supplementation is a major cause of poisoning in US
· Proteins
· Are broken down by digestion to amino acids
· Body makes different proteins out of these amino acids
· Body can make most amino acids, but cannot make essential amino acids
· Vegetarians need to be aware of this
· Essential amino acids are histidine, valine, leucine, isoleucine, phenylalanine, methionine, threonine, tryptophan, and lysine
· Fortunately these are all present in “complete protein” foods
· Beef, poultry, fish, eggs, dairy, soy, quinoa, and buckwheat
· Eggs have the best balance of these 
· Lipids
· Cholesterol 
· Liver makes cholesterol; don’t worry about consuming cholesterol unless you have hypercholesterolemia (liver doesn’t control amount of cholesterol it produces properly)
· Too much “bad cholesterol” is usually associated with being overweight, eating too much saturated fat, eating trans fats, and getting too little essential fat
· Essential fats contain fatty acids the body needs but cannot make
· These are linoleic acid (usually abbreviated LA), and              -linolenic acid (usually abbreviated ALA)
· ALA found in nuts, seeds, and cold water fish (salmon, mackerel, tuna, herring, sardines, swordfish)
· Larger of these fish are salmon, swordfish, & tuna; these contain mercury because smaller quantity of mercury works its way up the food chain (concentrates) as smaller fish are eaten by bigger fish; limit consumption of these
· Smaller of these are mackerel, sardines, & herring; these contain only trace amounts of mercury; safe to eat consistently
· LA found in vegetable oil, nuts, seeds, meats, and eggs
· Fiber
· Mostly insoluble highly branched carbohydrate polymers
· Is important food source for essential gut bacteria (called the “gut microbiome”)
· Gut bacteria have three essential functions
· Metabolism: digestion of food components the host is unable to digest, like indigestible carbohydrates; production of bile components necessary for fat digestion; production of amino acids not consumed in food; production of some vitamins
· Immunity: gut bacteria initiate most immunity to pathogens swallowed or inhaled
· Gut-brain axis: gut bacteria produce biochemicals which regulate the brain’s control of intestinal function
· Food additives
· The term “food additives” is now used by the FDA (Food and Drug Administration) to refer to a carefully-controlled list of chemicals added to food products by the food industry to do various things like slow down spoilage, change food color, react with and make metal ions less toxic, help keep water-insoluble components suspended in water, increase nutritional value (vitamins, minerals, etc), and other things
· Food additives must be rigorously tested for toxicity and effectiveness (“safe and effective”) before FDA allows them to be added to food
· The so-called “GRAS list” which stands for Generally Recognized As Safe originally was handled in the same way, but now has been deregulated so that the food industry can add chemicals to this list by claiming that they are generally recognized by people in the industry as being safe based on testing and experience with routine usage in foods; there are now thousands of GRAS chemicals found in foods
· Digestion is breakdown (tearing apart) of food molecules into smaller molecules; bonds are often broken by adding water to large molecules (H on one side of the bond and OH on the other side); this is known as hydrolysis; hydro = water, lysis = breaking
· Energy
· Blood sugar (acting as an unstable reducing agent) is oxidized by stable NAD+ in mitochondria producing unstable NADH and stable CO2 in a process known as The Citric Acid (TCA) cycle
· The NADH, a reducing agent, is oxidized back to stable NAD+ in another part of a mitochondrion; this process consumes O2 as the oxidizing agent, producing water (H2O, the reduced form of O2); the energy released from this process enables the mitochondrion to convert stable ADP into unstable ATP
· ATP must be produced by the mitochondria every cell in every living thing on earth continuously or the cell dies; if enough cells die (especially in critical organs) the plant or animal dies
· Carcinogenesis
· Caused largely by simple mutations in DNA
· At least 7 different specific kinds of mutations must occur for a cell to become cancerous; this is highly improbable, but it happens occasionally
· Mutagens are chemicals which cause mutations
· Carcinogens are chemicals which cause cancer
· All carcinogens are mutagens because to cause cancer a chemical must cause all 7 of these mutations (has to be a really severe mutagen)
· Not all mutagens are carcinogens, because not all mutagens are bad enough to have a high probability of causing all 7 mutations necessary to result in cancer
· Many or most plant-based foods produce mutagenic chemicals as a defense against insect pests
· Common foods are likely have small amounts of mutagenic chemicals in them
· These are not likely to cause cancer
· A chemist named Bruce Ames developed a test for mutagens in the 1970’s using bacteria; he hoped that mutagens would turn out to be carcinogens so that we could stop using animals as test subjects to see if chemicals caused cancer in animals; surprisingly he found out that all of the vegetables he tested had mutagens, but didn’t cause cancer; the take-home message is that if you take supplements (like vitamin C) that are made by the chemical industry you are less likely to consume mutagens than if you take “natural” ones 
