Lesson 1 - Introduction 
What is nutrition? 
· How an organism acquires food and uses food to support all processes required for its existence Biology: Locomotive behavior, Type and rate digestion 
· Human nutrition: The science of human nutrition is a young science. It has a sister discipline known as nutritional genomics. It is concerned about the nutrient in food and their actions within the body including: digestion, absorption, transport, metabolism and excretion. 
What is food? 
Food is a combination of essential nutrients. 
· Essential nutrients are nutrients that must be supplied by the diet because the human body cannot synthesize them. 
· Absence of an essential nutrient would lead to a deficiency disease and eventually death.
· Too much can lead to chronic diseases or sudden death as in overdosing. 
· Energy Yielding Nutrients (ENY): lipids, carbs, proteins 
· Non – Energy Yielding Nutrients (N-EYN): water, vitamins, minerals 
What else is food? 
· Food contains non-nutrients like fiber and phytochemicals. 
· Phytochemicals are plant derived chemicals that have biological activity in the body. 
The challenge of choosing foods? 
· We can split our choices into simple dichotomy. (processed foods vs. Whole foods) 
Factors that drive food choices? 
· Social needs, Psychological needs, food flavor, texture and appearance, preferences. Food availability, food marketing, food costs, lifestyle and belief, education and income, social network of family and friends. 

What does social psychology have to do with eating? 
· The challenges of choosing foods pro- nutrition attitudes do not always align themselves with behavior. (I.e. healthy eating) 
So, the solution is: 
1. Learn about nutrition (cognitive fix)  
2. Learn how to cook (non- cognitive fix)  
3. 1 + 2 = Vital life skills 
Cooking 
· Cooking can teach us many things; organizational skills, how to socialize, how to love, chemistry, food chemistry. 
· Rule #1: food safety
· Rule #2: discipline (plan what you will eat)
· Rule #3: kitchen gadget (stay away-you have to clean them)

Lesson 2 – Nutrient Standards & Guidelines 
Objectives: food groups and food guides
1. Dietary Reference Intakes (DRI) 
· 90mg of vitamin C: 1 must eat at least 7 servings of fruits and vegetables
· Each country has its own version of the dietary reference intake table.
2. Major food groups  
3. Canada’s food guide  
Dietary Reference Intakes (DRI)
Are reference values (depending on gender and stages of life) that are quantitative estimates of nutrient intakes to be used for planning & assessing diets for healthy people (a set of recommendations for the proper intake of nutrients). 
· Group name:  6 nutrients aimed for healthy people 
- EAR		- UL
- RDA		- EER
- AI		- AMDR
In the past
· The purpose of DRI’s was to reduce risk of deficiency diseases such as Beriberi disease and Scurvy disease
Today
· Chronic diet related diseases like cardiovascular disease and type 2 diabetes.
· Over the age of 40 tend to worry about cardiovascular diseases and type 2 diabetes (heart disease, insulin) 

DRI’s have 3 main objectives
1. Prevent Deficiency Diseases
· Amount of a nutrient needed to prevent the deficiency diseases in healthy people
2. Reduce Risk of chronic diseases
· Amount of a nutrient needed to reduce the risk of developing chronic diseases.
3. Safety supplement use and fortification
· Upper safety level for nutrient intake

6 Nutrients intake standards split into 2 groups

1ST GROUP					2ND GROUP	

DRI’s – Most Nutrients		       DRI’s – Energy and Macronutrients
	Estimated Average Requirement (EAR)
	Estimated Energy Requirement (EER)

	Recommended Dietary Allowance (RDA)
	Acceptable Macronutrient Distribution Ranges (AMDR)

	Adequate Intake (AI)

	Tolerable Upper Intake Level (UL)



· Target deficiency diseases: EAR, RDA & AI
· Target supplement use: UL
· Target exclusively carbs, lipids & proteins intake: EER & AMDR  these nutrient standards are different because they deal with calorie intake.

1ST GROUP
· Males have 10 life stages
· Females have 16 life stages include periods or pregnancy and lactation
· Intake of iron for women
· 13 years old = 8mg
· 14-50 years old = 15mg
· 50+ years old = 8mg
· Pregnant women = 27mg

	Vitamin C
	Thiamin
	Riboflavin
	Niacin
	Vitamin B6

	Average daily requirement for each nutrient expressed as mg/day, g/day or ug/day

	Average daily requirement for each nutrient expressed as mg/day, g/day or ug/day

	Average daily requirement for each nutrient expressed as mg/day, g/day or ug/day

	Average daily requirement for each nutrient expressed as mg/day, g/day or ug/day

	Average daily requirement for each nutrient expressed as mg/day, g/day or ug/day



No EAR or RDA for infants <12 months. Rigorous studies cannot ethically be conducted. This life stage group has only Al recommendations.

Estimated Average Requirement (EAR)
· Nutrient requirement that meets the needs of 50% of the population
· 1st important feature: Based on diagnostic test that measures adequate amounts in the human body
· 2nd most important feature: is a requirement – not a recommendation
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Recommended Dietary Allowance (RDA)
· RDA is the Gold standard in DRI’s
· Known in other countries as: RNI (required nutrient intake), or RDI (required dietary intake)
· RDA is define as nutrient requirement that meets the needs of 98% of the population in a life stage or gender group
· EAR * x = RDA
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Adequate Intake (AI)
· For some nutrients… we just don’t know
· AI is based on intakes of a healthy group of people in a particular life stage and gender group.
· AI exceeds the EAR and lies somewhere near or above the RDA, but below the UL
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Tolerable Upper Intake Level (UL)
· UL is the maximum daily amount of a nutrient that appears safe for most healthy people
· Above this level there is an increased risk of adverse health effectseventually death
· Meant to avoid excesses – especially when using supplements

Most Canadians use 3400mg sodium consumed per day…. Although it is 1500mg recommended intake of sodium per day.

How do you know what your intake level is?
· Nutrient recommendations our averages meant for a population – your requirement can be above or below
· Nutrient recommendation vary across country
· Ex: Australian 10mg vitamin E & Canadian 15mg vitamin E
· The differences between countries indicate cultural differences and mostly differences in interpretation of scientific studies.

2nd GROUP
· Intakes are different
· Deal with calorie intake  too many calories leads to obesity
· Recommended energy intakes are highly conservative

Estimated Energy Requirement (EER)
· EER represents the number of calories that maintain energy balance in a healthy person.
· The EER is an individualized estimate
· Calculating your EER : equation variables such as +,-,x or divide
· PA = physical activity estimate
· HT = height in meters (in/39.4)
· WT = weight in kg (IB/2.2)
· AGE = age in years
· GENDER
· **Your are not responsible for the equation but must know the variables included in the equation**

Acceptable Macronutrient Distribution Ranges (AMDR)
· Carbohydrates: 45-65% of energy intake
· Proteins 10% to 35% of energy intake
· Lipids 20% to 35% of energy intake
What proportions of your energy intake should come from each of these macronutrients?APPLIES TO ALL HEALTHY PEOPLE!
· 45-65% should come from Carbs
· 20-35% from fat
· 10-35% from protein

· AMDR is defined as the ranges of intakes for energy-yielding nutrients that provide adequate energy and nutrients and reduce the risk of chronic diseases.
· Recommendation applies to all healthy people
· Carbs like fruits and legumes supply fiber for healthy bowel

Who uses DRI’s?
· Nutrition experts known as Registered Dietitians (RD)
· General practitioners generally refer patients to a registered dietitian
· Food industry (food labels)
· Regulated by Canadian food Inspection Agency (CFIA)  based on DRI’s
· Nutrition facts: Must include13 core nutrients
· % Daily value: represents the amount a single serving contributes to the recommended intake of the given nutrient (based on a 200kcal diet)
· Serving sizes: based on the amount people typically eat in 1 sitting

Major Food groups
· Grouped to provide a specific cluster of nutrient
· Canada has 4 major food groups
1. Grains
2. Milk and alternatives
3. Meat and alternatives
4. Vegetables and fruits
**The U.S has 6 major food groups: grains, fruits, vegetables, dairy, protein and oils.


Grains
· Are seeds (contains plant embryo known as the germ)
· BRAN: protective coating around the kernel, is rich in nutrients and fibre
· ENDDOSPERM: contains mostly starch and some protein
· GERM: seed that grows into a wheat plant, rich in vitamins and minerals to support new life
· HUSK: is the inedible part of a grain (outer layer, also known as the chaff)
· Grains are rich in:
· Carbohydrates
· Fibre – rich only when grain is whole
· Vitamins – folate, thiamin, riboflavin, niacin, vitamin E
· Minerals – magnesium, iron
· All belong to a single plant family: grass family (oat, wheat and rice)
· *Health Canada defines whole grains as the dried seeds of cereal species (all share a similar evolutionary history)
· Cereal: any cultivated for its grain
· Grain foods are often enriched or fortified to replace nutrients lost during refinement (ex: white bread) nutrients = added back + supplementary nutrients

Milk and alternatives
· Includes milk and milk products that retain their content of the mineral calcium 
· Foods in this group are fortified with vitamins A & D in Canada
· Notable nutrients:
· Protein
· Vitamins: riboflavin, D, B12
· Minerals: calcium
· Milk is an excellent source of protein, fat and vitamin B12 (was crucial in reducing the rates of infant mortality)
· Harold McGee talks about cheese “the intense concentrated expression of pastures, animals or microbes and time”
· Cheese emerged about 5,000 years ago
· The enzyme required to break down milk emerged 10,000 years ago
· Problem: as we get older we produce less of the enzyme required to digest milk sugar (can lead to indigestion)

Meat and alternatives
· Meat:
· Meat: flesh of goat, beef, pork + other mammals
· Poultry: chicken, turkey, duck, quail (birds)
· Fish
· Provides
· Proteins
· Vitamins: B12 and B6
· Minerals: iron, zinc
· Alternatives: legumes, eggs, nuts and seeds
· Rich in proteins
· Legumes + nuts = good source of magnesium, potassium (are foods designed by nature to be food for an embryo)

	Legumes Family
	Tree Nuts 
	Seeds Family

	Beans
	Almonds
	Sunflower

	Peas
	Cashews
	Pumpkin

	Peanuts
	Chestnuts
	Watermelon

	Lentils
	Macadamia nuts
	

	
	Brazil nuts (Selenium)
	

	· Defining features: seeds are enclosed in pods
· Allergic to peanuts = possible allergy to legumes
	· Defining feature: all grow on trees
· Good source of protein and other minerals
	· Good source of protein
· Do not represent an essential nutrient
· Can be high in salt


*When we eat grains or legumes the cells in our bodies are the beneficiaries of the energy stored in the endosperm.

Vegetables and fruits (most important food group)
· Highest # of recommended servings per day
· Includes:
· Vegetables
· Fruits (apples, apricots and bananas)
· 100% fruit juice
· 100% vegetable juice
· Can be fresh, frozen or canned
· Good source of:
· Carbohydrates
· Fiber
· Vitamins: folate, A, C, K
· Minerals: magnesium, potassium

*Eggplants, zucchini, tomatoes, squash and bell peppers are gastronomically referred to as vegetables.

Why are these considered fruits botanically?
· All have seeds
· Vegetables: root veggies (carrots, turnips, fennel, parsnip)
· Plant leaves: lettuce, spinach, kale, and parsley… (Important sources of several nutrients)
· Some reside outside of the plant kingdom (ex: mushrooms)

Food guide
· Targets nutrient recommendation standards
· Groups nutrients into 4 food groups
· Suggests “x” number of servings per day
· Table is divided by gender and age, food groups are in a decreasing order of intake veggies + fruits = #1
· Serving sizes:
· Palm: approx.. 3 ounces – good for measuring cooked protein
· Fist: approx.. 1 cup – good for cooked pasta, rice and veggies
· Thumb + index finger: approx.. 1 tbsp. – good for lipids (mayo, oil, peanut butter)
· Seeds are ingested and eliminated at some distance away from the maternal plant

Lesson 3: basic chemistry and organ system
Reading: chapter 3

Atoms to compounds
· 25% of the elements on the periodic table are essential for life
· Chemical similarities with other living organism such as animals, plants…
· We don’t share many chemicals similarities with nonliving object such as computers (lead, silver, copper and gold)
· Hydrogen, Magnesium, Calcium, Potassium, Sulfur
· Matter: anything that takes up space and has mass (air that’s around you)
· Atom: smallest unit of matter, the smallest component of an element that have all of the properties of the element
· Atoms come together to form chemical bonds in an ordered and stable arrangement (ex: carbon dioxide CO2)  called a molecule
· Molecule: 2+ atoms of the same or different elements joined by chemical bonds
· Compound: molecule with 2+ different elements (ex: water –H2O)
· Polar molecules: have a partial positive charge on one part of the molecule and a partial negative charge in another part.
· Partial charges are created by electronegative atoms
· They interact with other polar molecules to form weak hydrogen bonds
· Glucose = a polar molecule (can dissolve in water)
· The human body is composed of 23+ elements and trillions of atoms
· Planet earth has 92 elements and a near infinite number of atoms
· Water and carbon dioxide is matter that is composed of 2 elements
· Glucose (more elaborate) is made up of 3 elements and 24 atoms

Atoms and their subatomic particles
· Atoms are composed of subatomic particles:
· Protons (+)
· Neutrons (no charge)
· Electrons (-)
· Core of the atom is made up of protons + neutrons
· Core = atomic nucleus and is surrounded by a cloud with electrons
· Under normal conditions an atom has an equal # of protons and electrons
· The # of electrons is very important:
· 1st shell: 2 electrons (except hydrogen)
· 2nd shell: 1 to 8 electrons (ex: lithium)
· 3rd shell: 1 to 8 valence electrons = valence shell
· Valence shell: outermost shell of an atom (full with 8 electrons – except hydrogen)
· Valence electrons: electrons located on the outermost shell of the atom
· Determines the chemical behavior of the atom
· Atoms with full valence shells are chemically inert – will not form bonds (ex: neon and argon = inert gasses)
· Atoms in a molecule attract electrons to varying degrees
· Electronegativity: the ability of an atom to attract the electrons in a bond
· More electronegative an atom, the more it pulls electron towards it
GOLDEN RULE #1: an atoms quest is to have fully occupied valence shells!
GOLDEN RULE #2: the oxygen atom is very electronegative. It pulls on the electrons much more than does hydrogen atoms in an oxygen-hydrogen bond!
· Covalent bonds: strong chemical bonds formed between atoms by sharing electrons (strongest of all bonds) (ex: table, eraser)
· Incomplete shell: will pair up with other atoms (this is why chemical bonds are formed)
· Ionic bonds: form when one atoms gives up 1+ electrons to another atom (not as strong as covalent bonds) (ex: table salt)
· Ex: (table salt) sodium chloride = bond between sodium and chlorine (table salt in water – sodium and chloride immediately dissociate)
· Hydrogen bonds: a type of bond between an electronegative atom and a hydrogen atom bonded to another electronegative atom.
· Can occur between molecules (as in water) or within parts of a single molecule (as in a protein)
· Glucose = a polar molecule
· Proteins = a polar molecule

What I need to know:
· Definition of matter – anything that has mass; takes up space
· Difference between elements (substance consisting of atoms), atoms (smallest unit of matter such as helium), molecules (two or more atoms bonded together such as, two hydrogen) and compounds (two or more different atoms bonded together such as, one oxygen and two hydrogen).
· Chemical bonds: covalent (formed two non-metals) vs. ionic bonds (formed between a metal and a non-metal)

Solutions, solubility, enzymes and the PH scale
What is a solution?
· A solution is a homogeneous mixture of 2 or more compounds 
· Major component: solvent
· Minor component: solute
· Aqueous solutions: water = solvent (ex: blood plasma = aqueous solution)
· 92% of the plasma = water
· Fluid in between cells – a cell can be any cell bathed in fluid
· Suspended in this fluid are nutrients from the food you eat
· Cells can now take up these nutrients to meet their cellular needs
· Final destination of the nutrients you eat

Solubility of solutes
· Simply carbohydrates (ex: sugar) dissolve in water  describes how easily a compound dissolves in a liquid solvent
· Other substances (ex: fat) are insoluble and will not dissolve in water

What about starch?
· Long chains of glucose molecules (polar)
· Starch does not dissolve in water. Plants pack starch into tight dense granules. (need to unpack the granules)
· Amorphous: without a clearly defined shape or form

Enzymes
· An enzymes three-dimensional shape is the result of hydrogen bonds. This means that we can easily change an enzyme’s shape. 
· Enzymes are proteins that facilitate chemical reactions without being changed in the process: protein catalysts. Always had a very specific three-dimensional structure that allows only certain compounds to bond
· Held together by covalent bonds
· Three-dimensional shape is because of the hydrogen bonds
· Proteins easily dissolve in solution
· Without enzymes, absorption of nutrients would be impossible

PH of fluids
· PH is a unit of measure expressing a substance’s acidity or alkalinity
· Measures the concentration of hydrogen ions (H+)
· PH scale ranges from 0 to 14
· Is crucial to activating enzymes to facilitate digestion
· Mouth: PH of 6.4
· Stomach: PH of 1.0
· Small intestine: PH of 8.0
· An enzyme that works to digest food in your mouth will not work in your stomach due to changes in PH causing the enzyme to change shape (loses its three dimensional configuration)
· Enzymes in the digestive system are controlled by the PH of the solution in which they are suspended
**Hydrogen ions interfere with hydrogen bonds because they are positively charged as the concentration of hydrogen ions increases the acidity increases.

The digestive system
· A set of organs that work cooperatively to digest food and deliver nutrients to your cell
· The digestive organ system: tube from mouth to anus
· Inside this hollow tube is called: lumen
· We are multicellular creatures.
· Cellstissuesorgansform organ system
· Organ include:
· Mouth
· Esophagus
· Stomach
· Small intestine (in direct contact with the pancreas and gall bladder)
· Large intestine
· Rectum
· Anus
· Transit time of food: 24-72 hours
· Accompanied by accessory organs:
· Salivary glands (mouth)
· Gall bladder substances released travel through tiny ducts and one released in the duodenum. (right)
· Pancreas  substances released travel through tiny ducts and one released in the duodenum (left)
· Liver  blood vessels split into capillaries, nutrient rich blood leaves: to delivers nutrients to the rest of the cells (right)

The functions of the digestive system
1. Digestion
2. Absorption
3. Elimination
**Functions aided by epithelial cells make up the innermost lining of the digestive tract.

Substances released (by the epithelial cells)
1. Enzymes – for digestion
2. Hormones – for communication with other member of the system
3. Mucus- eases the passage or protection from irritating substances

4 Types of tissues
1. Epithelial: lining of the entire alimentary canal is made up of epithelial cells
a. Allows the smooth passage of food
b. Synthesize and excrete enzymes for digestion
c. Absorption of nutrients
2. Connective (blood vessel containing blood)
3. Muscle
4. Neural (nerve cell)
*4 TISSUES COMES TOGETHER TO FORM ORGANS

Mouth and stomach
· Perform mechanical and chemical breakdown of food
· Muscular contractions churn the food
· Enzymes mixed with stomach secretions – food becomes chyme
· Teaspoons of chyme at a time slowly move into the small intestine
*Chyme contains partially digested food, hydrochloric acid and enzymes

The small intestine
· Folds along the lumen and have tiny finger-like projections called villi (look like ripples)
· Each villis is penetrated by two types of vessels
1. Blood vessels
2. Lymph vessels – lacteal vessel
· Villi lined with epithelial cells help absorb nutrients quickly
· The small intestine has a very high turnover rate for its cells
· Absorption: the transfer of nutrients from the gastrointestinal tract into the blood or lymph vessels (fat enters a different type of vessel)
· Delivery: Nutrients absorbed from all over the intestines are delivered to the liver via the hepatic portal vein
· Elimination: process by which substances are removed from the body
· Solid waste is excreted through the large intestine (400 species of bacteria)  (absorbs water and some minerals) 
· Microbes sustain themselves by feasting on fiber + other compounds

The circulatory system
· Heart: pumps blood to keep blood moving
· Network of blood vessels include:
· Arteries
· Arterioles – smaller, branch out into millions of capillaries
· Capillaries
· Venules
· Veins
· Nutrient exchange between blood and the cells of the body
· Tiny capillary (paper cut)
· Cells neighbor this ruptured vessel
· *The blood on the surface of your skin actually contains the nutrients from your most recent meals.

Lesson 4: Carbohydrates
Lesson objectives:
· Understand the different types of carbohydrates
· Simple and complex carbs
· Alternative sweeteners

Calories
· Name the food groups that you can identify from the image: Grains, meat and alternatives, fruit and vegetables.
· Calories: a unit that measures heat energy
· Plants package calories into carbs, photosynthesisglucosse molecule (energy stored in its carbon hydrogen bonds)
· Also found in lipids and proteins (+carbs)
· Energy content in food is measured in calories
	calorie
	Calorie
	Kilocalorie

	· Heat energy necessary to raise the temperature of 4g of water by 1 degree Celsius 
· (Too big for food labels)
	· (The Big calorie)
· Same requirements as the kilocalorie
	· Heat energy required to raise the temperature of 1000g of water by 1 degree Celsius.


**1000 calories = 1 Calorie = 1 Kilocalorie
· Glucose, protein and lipids store energy in their carbon hydrogen bond
· Per gram, lipids store more energy than glucose and protein  greater abundance of carbon hydrogen bonds
· Carbs: 4 kilocalories per gram (need at least 50-100g per day)
· Fat: 9 kilocalories per gram
· Protein: 4 kilocalories per gram
· Found using the Bomb Calorimeter
· High fat foods have a weak effect on satisfaction (passive overconsumption), energy dense = more kcal per bite
· Strong satiety signals once it enters the intestine
· Protein = most satiating, decrease intake of he next meal

Bomb Calorimeter
· Can measure the energy liberated when proteins, carbs and lipids are burned separately 
· Physiological fuel value
· # of kcal derived from food in contrast to the # of kcal determined by calorimeter
· Overstates the amount of energy that the human body derives of food (less efficient)
· Amount of heat = direct released
· Amount of oxygen = indirect consumed

Simple carbs and non-nutritive sweeteners

Monosaccharide’s
· Glycogen = storage form of glucose in the body
· All have the same chemical formula
· C6H1206 
· Arrangement of the atoms differs results in varying degrees of sweetness
· FRUCTOSE: sweetest (fruits + honey, fructose in a sugary fruit drink seems to stimulate appetite and increase food intake)
· GALACTOSE: barely detectable sweetness (milk)
· GLUCOSE: moderate sweetness (fruits + veggies)
· Fuels the work of most of the body cells
· Plays a crucial role in carbohydrate metabolism
· Most important monosaccharide:
· Dominant source for energy for red blood cells + nervous system cells
· Dominant form of sugar in the body

Disaccharides
· Pair of monosaccharide’s
· Glucose = always present in the pair
· Only needs to be broken down once
· Glucose + glucose = maltose  found in the food we eat (by product of starch digestion) sweet potato
· Glucose + galactose = lactose (milk) also called milk sugar
· Glucose + fructose = sucrose (sugarcane, beets, honey)
· Stores sucrose in the stalk
**Primary role of carbs: supply the cells with glucose for energy!

Is sucrose toxic?
· No, 100% carbohydrate = glucose + fructose
· Raw sugar and brown sugar are less processed = healthier options than white sugar
· Problem with sucrose: Canadians consume on average 12 tsp. of added sugar per day (toxic)
· Epidemic proportions of type 2 diabetes – 1970s: commercialization of high fructose corn syrup (HFCS)
· Calcium RDA = 1,000 mg/day
· Plants and bacteria use sugar for energy: like the sugar residue on teeth
· Growth, repair, reproduction (energy for metabolic needs)

Alternative sweeteners- Non-nutritive sweeteners
· Synthetic compounds that supply no energy per serving (Splenda)
· Stevia = natural, herbal sweetener (exception)
· Made from a genetically modified molecule of sucrose (too much = diarrhea)

Alternative sweeteners- Sugar alcohols
· Sorbitol, xylitol, mannitol: not fully absorbed by the intestinal tract
· Calories = 2kcal/g
· Too much = diarrhea
· Common in sugar free gum and mints
· Can prevent dental cavities

Complex carbohydrates
· Made of hundreds of glucose molecules
· Plants: store glucose in the form of starch
· Difference in where the starch is stored determines the consistency, texture and flavor of a sauce
· As starch water is heated, starch granules unfold and hydrogen bond to water molecules allowing the sauce to thicken (gelatin temperature)

Starch
· Found primarily in seeds, fruits, tubes, roots, and stem piths of plants
1. AMYLOPECTIN
a. Quickly digested to glucose (many ends)
b. Branch type
c. Blood sugar rises fast
d. Requires extensive breakdown
2. AMYLOSE
a. Slowly digested to glucose (2 free ends, takes longer to digest)
b. Single thread
c. Blood sugar rises slowly
*Most foods are a combination of both starches (one might predominate)

Starch: Packaging:
· High-starch variety  (potatoes) best for mashed potatoes
· Low-starch waxy variety best for salads

Why does the carbs content plummet in sprouted mug beans and soy?
· Because they are sprouted. The seeds germinate and the plant embryo is burned for energy.

Glycogen: Animal starch
· We absorb glucose and then transformed into glycogen!
· Glycogen is stored in the muscle tissue and the liver (limited space), the rest of the sugar is stored as fat in adipose tissue
· Ex: When we exercise, our muscles cells break down glycogen and release glucose for energy.

Fiber
· High fiber foods provide satiation by filling the stomach and delaying the absorption of nutrients
· Plant cell walls
· Are like reinforced steel
· Cement = soluble fiber
· Steel = insoluble fiber
· Animal cell
· Lack a cell wall (resemble a soap bubble)

Soluble fiber: sources and properties
· Dissolve in water
· Form gels that are viscous and prized by the food industry for their thickening abilities
· Pectin’s: extracted from fruit – are fermented by the bacteria in the large intestine.
· Guar gums: extracted from beans, seaweeds or industrially from bacteria

Health (soluble fibers)
· Slow gastric emptying (increased risk of obesity)
· Slow glucose uptake (lower risk of type 2 diabetes)
· Trap cholesterol and carry it to the large intestine for elimination
· Improvement of bowel health
· Prebiotic food is soluble fiber
· Reduce the risk of cardiovascular disease, colon cancer, obesity (lower glucose levels in blood) and diabetes

Insoluble fibers
*Found in whole grains + many vegetables!
· Do not dissolve in water
· Do not form gels
· Not fermented in the large intestine
· Promote bowl movement (adds bulk to stool)

Health (insoluble fiber)
· Promotes fast transit through the digestive system
· Prevents diverticula (sacs/pouches that develop in the weakened areas of the intestinal walls, forms after years of bowel movements)
· Reduces the exposure of cancer causing compounds to the epithelial cells of the colon

Digestion and absorption of carbohydrates
· Involves the breaking down of starch and disaccharides into monosaccharide’s = mostly glucose
· Oral cavity – salivary amylase (role in starch digestion = relatively minor)
· Small intestine – maltase, sucrose, lactase and pancreatic amylase
· Maltase: breaks maltose into 2 glucose molecules
· Sucrose: break sucrose into 1 glucose molecule and 1 fructose molecule
· Lactase: breaks lactose into 1 glucose molecule and 1 galactose molecule
· Glucose, fructose and galactose are absorbed by epithelial cells that line the villi each villus
· Travel to the liver – first recipient of absorbed nutrients
· Liver will convert all monosaccharide’s into glucose and will build glycogen

Lactose intolerance
· The inability to digest lactose completely, do not produce enough lactose  (enzyme that breaks down lactose)
· Some people only produce a little bit- 1 cup of milk might be okay but 2 cups could cause indigestion (bacteria residing in the large intestine breaks down lactose and produces irritating gases and acids)
· Abdominal discomfort, gas, diarrhea
· Infants and kids produce large amount of lactose, as we age 70% will become lactose intolerant
· Milk = an excellent source of calcium and protein
· Lactose free milk is sweeter than regular milk because of the liberation of glucose from the disaccharide
· Lactaid  make lactose free milk sweeter than regular milk

Carbohydrates and disease
3 types of diabetes
	Type 1 Diabetes
	Type 2 Diabetes
	Gestational Diabetes

	· An autoimmune disease.
· Cells in the pancreas that synthesis insulin are destroyed.

	· Most common! 90% of people have this type. 
· Diet related chronic disease.
· Poorly controlled type 2 diabetes lead to pancreases shutting down.

	· A form that may occur during pregnancy.




· Disease: 
· Diabetes inability to maintain blood glucose homeostasis

Carbohydrates and DRI’s
· To find the starch content from food labels (per serving)
· Total carbs (g) – total fibers (g) = starch (g)
· Formula ex: 14g total carbohydrate – 1g sugar – 1g fibre = starch

Recommendations for carbohydrate intake
· DRI’s
· RDA for glucose = 130g (adults)
· Minimum your brain needs each day
· AMDR for carbs = 45% to 65%
· 225g to 325g
· Types of carbohydrates
· 300g of carbs per day should come from pulses, veggies and fruits
· Different recommendations for fiber because they are non-energy yielding nutrients destined for the large intestine
· Dietary fiber intake is proportional to the # of calories you eat
· More calories  more fiber
· The more calories you continue, the higher the amount of fiber you need to facilitate elimination (more calories = more fiber)
· Dietary fiber intake
· 14g per 1000 kcal
· Average Canadians only consume half of this (700 kcal/day)

Required readings for this module:
· Section 8.2 Food composition
· Section 4.2 Carbohydrate Digestion
· Section 4.2 Carbohydrate Absorption
· Section 4.3 The Constancy of Blood Glucose
· Section 4.6 Intakes of Starch and Fibers

Lesson 5: lipids
Readings: section 5.3 digestion, absorption and transport of lipids

What is a lipid?
· A lipid is a hydrophobic organic molecule, usually composed only of C, H and O with an high ratio of H & O (ex: C57H110O6 – Tristearin)
· All lipids are all insoluble in H20
· Structurally lipids do not fall into the monomer/polymer classification in the traditional sense

Introduction
· Positive connotations of fat until the 1950s, but since then it has become synonymous with cardiovascular disease
Lesson objectives
· Types of lipids
· Fatty acids
· Triglycerides
· Phospholipids
· Cholesterol
· Digestion and absorption of lips
· Lipoproteins
· Lipids, diseases, and DRI’s

Ode to lipids in food and the body
· Why are lipids necessary?
· Cooking and eating (enhances flavor and palatability)
· Increase intestinal absorption of fat-soluble vitamins and phytochemicals
· We need at least 20 grams of fat to properly absorb fat-soluble vitamins
· Contribute to satiety – that feeling of fullness
· Fat is a type of connective tissue (supports other tissues)
· Visceral: covers and protects abdominal organs
· Subcutaneous: located below the surface of the skin
· Helps maintain heat and cushions the body
· Major source of energy at the cellular form
· Only one stored for long periods of time
· Main source of energy when we are at rest
· We store energy mostly as fat not glycogen
· We can store an unlimited amount of fat
· Fat cells can enlarge to 1000x their original size

Types of lipids in food and in the body
· Fatty acids (FA): a chain of hydrogen atoms and carbon atoms
· Length:
· Short chain FA: 2 to 4 carbons long
· Medium chain FA: 6 to 12 carbons long
· Long chain FA: 14 to 24 carbons long
· Left side: Methyl group
· Right side: Acid group
· Middle: 18 carbon atoms
· Saturated fatty acid: no double bonds within the carbon chain (determines the behavior of the lipid)
· Unsaturated fatty acid (PUFA): two or more double bonds within the carbon chain
· Monounsaturated fatty acid (MUFA): one double bond within the carbon chain.
· Shapes:
· Oils are lipids that are liquid at room temperature
· Omega-3 fatty acid or 18,3,w3 (few foods can supply liolenic acid  DHA “docosahexaenoic acid” and EPA “eicosapentaenoic acid”)
· DHA:
· Essential for the development of the brain
· In the diet improves learning
· Maintenance of normal brain function
· A deficit is associated with impaired learning
· EPA:
· Lowers blood pressure
· Reduces blood clot formation
· Protects against irregular heartbeats
· Reduces inflammation
· Omega-6 FA 18,2,w6 (easily reached by diet Linoleic acidarachidonic acidnecessary for synthesis of cell membranes)
· Omega-9 FA 18,1,w9
· Trans fatty acids
· Can kill you
· Essential fatty acids
· Trans fat are man madehydrogenation processunsaturated FA’s behave like saturated Fas
· Products made with trans fats have a longer shelf like
· Since 2007 health Canada has:
· Limited the trans fat content of margarines to less than 2%
· Limited the trans fat content of all other foods to less than 5%
· Today’s tub margarine is made from unsaturated fatty acids
· The difference in length and shape make some fatty acids beneficial while others… near lethal
· Why all the fuss over omega-6 and omega-3 fatty acids?
· We need them
· We cant synthesize them
· They must be supplied from the diet
· Triglyceride: made up of 3 fatty acids (not the hydrogen atoms are not shown)
· Most common lipid found in our food
· Triglycerides can have varying amounts of saturated, MU, and PU fatty acids
· Fats and oils are triglycerides
· Each fat or oil molecule contains 3 fatty acids
· They vary in the number of saturated and unsaturated fatty acid chains they contain. Usually one type predominates
· Which one is thicker? Olive oil or corn oil
· Olive oil is thicker because it contains 74% MUFA’s compared to just 24% MUFAs in corn oil. Because MUFAs are less bent than PUFAs, the oil appears thicker.
· PUFAs:
· Oils with high amounts of polyunsaturated fatty acids turn rancid when deep fried
· Under prolonged exposure to high heat the double bonds in the fatty acid break
· A hydrogen atom is lost and the carbon atom now has an incomplete valence shell.
· Rancid fat is unhealthy and has the potential to damage DNA
· Saturated fat:
· Chicken fat is 31% (use chicken fat to deep fry, freeze for later)
· Duck fat 33%
· Butter is 66% saturated
· Phospholipids: made up of 2 fatty acids
· Are diglycerides with a polar end attached to two non-polar hydrocarbon tails
· Diglyceride:
· Partially soluble, they act as emulsifiers
· Emulsifiers allow non-polar molecules, like lipids, to mix together with polar molecules without splitting
· Examples: oil + eggs = mayonnaise
· Are partially water soluble
· Differ by:
· Length and shape of Fas
· An additional compound that is joined to the phosphate
· Lecithin is the most common phospholipid
· Lipid bilayer:
· Phospholipids make up the two layers of the cell membrane
· Cholesterol: contains no fatty acids
· Is found only in the animal kingdom
· In eggs, dairy, meat, fish, and poultry
· Is not an essential nutrient
· Lean meats, and low or reduced fat dairy, have little cholesterol
· Cholesterol has many important functions in the body
· Cell membranes are studded with cholesterol
· Cholesterol is necessary for synthesis of estrogen and testosterone
· Key cholesterol function:
1. Vitamin D synthesis
2. Bile contains cholesterol and is crucial in the digestion of lipids

Digestion and absorption of lipids
· Chemical and mechanical digestion of lipids
· Chewing and churning mechanically breaks apart the fat
· The bulk of chemical digestion of lipids is accomplished in the small intestine with the help from the accessory organs
· Warmth begins to melt fat along with lingual lipase
· Epithelial cells release hormones to alert accessory organs of arrival of lipids.
· Bile
· Contains cholesterol, salts and lecithin- a phospholipid
· Breaks down the large lipid globules into smaller bits called micelles
· Pancreatic lipase, breaks down the triglycerides into free fatty acids and monoglycerides
· Absorption of lipids
· Short and medium chain fatty acids
· Cross into the epithelial cells, go out the other end, and enter the blood capillary and bee line for the liver
· Long chain fatty acids
· Cross into the epithelial cells; once inside the epithelial cell they get repackaged into what looks a lot like a golf ball
· Lacteal vessel legend
· Left subclavian vein

Lipoproteins
· Lipoproteins are fascinating
· Chylomicrons are a type of lipoprotein
· There are 4 types of lipoproteins
1. Chylomicrons: packaged in the epithelial cells of the small intestine; transport dietary triglycerides and deliver them to fat and muscle cells and return to the liver.
2. VLDL: product of the liver; contain mostly triglycerides. Liver converts the extra sugar into fatty acids and packages tem into VLDLs for delivery to fat and muscle cells. Once VLDLs have offloaded their triglyceride loads, they’re cholesterol-rich remnants called LDLs.
3. LDL: principally composed of cholesterol; deliver cholesterol to cells
4. HDL: synthesized in the liver and scavenge for cholesterol from dead and dying cells and return to the liver. HDL is mostly protein.
· Your blood plasma contains varying amounts of all 4 of these lipoproteins. Each one secretly concealing lipids, like a Trojan horse.
· There are 4 types of lipoproteins – they differ in relative composition
· LDL is the bad cholesterol HDL is the good kind

Lipids, disease, and DRI’s
· Cardiovascular disease
· Disease of the heart and blood vessels
· Coronary heart disease is the most common
· In 2013, CVD was responsible for 25% of deaths in the Canada
· The path leading to CVD begins with inflammation of blood vessels
· Immune system responds to the inflammation
· A consequence of the immune response- plaque deposits
· Depending on the location of the plaque buildup different organs can be affected (ex: the heart, the kidney, or the brain)
· Heart attack is the death of cardiac muscle tissue resulting from blockage of one or more coronary arteries
· Stroke is death of nervous tissue in brain, usually resulting from rupture or blockage of arteries in head.
· Reducing your risk of CVD
1. Increase soluble fiber intake
2. Limit your fat intake
· Follow AMDR recommendation: 20% to 35% of calories should come from lipids
3. Increase omega-3 fatty acid intake
· Omega 3 fatty acids have an anti-inflammatory effects on the body
· AI= 1.6 grams/day for men
· AI= 1.1 grams/day for women
· What if lifestyle changes don’t work?
· Statins are class of medications that interfere with liver’s ability to make cholesterol.
· Did you know?
· Cardiovascular disease costs the Canadian economy more than $18 billion each year.

Lesson 6: Proteins

What is a protein?
· Compounds composed of carbon, hydrogen, oxygen, and nitrogen and arranged as strands of amino acid!

Protein shape and function
· Protein
· Are energy-yielding nutrients
· Are chemically similar to carbohydrates and lipids
· Monosaccharide’s are linked to make polysaccharides like starch
· Fatty acids form lipids
· Protein set up of 4 polypeptides
· Amino acids
· Amino acids are the building blocks of protein
· There are 20 different amino acids, each with its own side chain
· An amino acid has 3 parts:
1. Amino group
2. Acid group
3. Side group (the functional group)
· 20 types of amino
· Non-polar amino acids
· Negatively charged (acidic) polar amino acids
· Positively charged (basic) polar amino acids
· Uncharged polar amino acids
· Essential amino acids
· Of the 20 amino acids:
· 9 are essential and must be supplied by the diet
· 11 can be synthesized de novo (in the liver)
· Amino acids tables
· Generally sorted based on polarity
· Protein shape
· Is determined by the sequence of amino acids along the chain
· Changes to the environment of a protein may break apart hydrogen bonds causing the protein to unfold
· Unfolded protein is denatured and no longer functional
· A denatured protein
· A change in temperature or PH can cause proteins to denature
· In food (denatured protein changes the texture and consistency)
· In the body (denatured protein is no longer functional)
· Slow-cooking denatures collagen
· Denaturing muscle protein is an important part of cooking
· Muscle tissue is made of protein
· Collagen is a protein
· Muscle fibers are arranged in bundles. The bundles are held together by collagen
· Collagen
· Intact collagen increases the resistance to chewing
· Collagen is a protein that melts into gelatin when slow-cooked
· Protein function
· Carbs 
· Energy
· Fat 
· Several duties but…
· Protein
· Provide structural support and movement 
· (collagen and keratin are key structural proteins)
· Work as enzymes 
· (word to digest food in the mouth, stomach, and small intestine. Folded for food to be digested)
· Work as hormones 
· (insulinstomach acid denatures insulindenatured insulindigestionamino acids
· Maintain fluid balance
· In healthy individuals (plasma proteins are necessary for maintaining the right amount of fluids within your tissues)
· Regulate PH of fluids
· Proteins can act as buffers, they can pick up or drop hydrogen ions in a solution to maintain a near constant PH
· If too BASIC
· PH >7.45 (alkalosis) plasma protein drop hydrogen ions to lower the PH
· If too ACIDIC
· PH <7.35 (acidosis) plasma protein pick up hydrogen ions to raise PH
· Crucial component of cell membranes (pumps and channels)
· A cell membrane is a lipid bilayer
· Source of energy
· Immune system: from fluid balnce to virus fighting, proteins are indeed jacks of all trades
· Antibodies are proteins
· Antibodies bind to pathogens (ex: bacteria) and flag them for destruction. Without sufficient dietary protein, the immune system lacks the material needed to buil this defense.

Protein synthesis in the body
· Protein synthesis
· DNA supplies the instructions for making proteins
· 90% of your genes code for protein!
· Your diet supplies your body with amino acids
· Proteins give cells their characteristic shape and function
· Your body contains over a trillion cells – different cells
· Each nucleus contains the same exact copy of DNA but different genes are turned on
· Different proteins are being built
· Protein synthesis in action
· To make a protein, you would follow directions for connecting the different amino acids in a specific order and length
· Your DNA tells your cells the sequence of amino acids to form a protein
· But the point here is not to learn molecular working of protein synthesis. Rather, the point is that if you eat poorly, the cells of your body will be lacking some of these amino acids.
· What happens if your diet is missing essential amino acids?
· Protein synthesis comes to a screeching halt
· The partially made polypeptide chain is dismantled, and its amino acids are returned to the pool
· We need all 20 amino acids!

Protein digestion and absorption
· Stomach
· HCI denatures food protein
· HCI also activates pepsin
· Small intestine
· Pancreas secretes more protein-splitting enzymes
· Amino acids are the end products of protein digestion
· Protein digestion and absorption is very efficient – very little dietary protein escapes digestion and is eliminated in feces.

Protein turnover and nitrogen balance
· Protein turnover
· The recycling of protein is known as protein turnover
· Without recycling, we would need enormous amounts of protein from food everyday.
· Hemoglobin
· Is the protein found inside red blood cells (RBC’s)
· Delivers oxygen to the cells of the body
· 280,000,000 hemoglobin molecules per RBS and virtually nothing else inside them
· Once the RBS’s are destroyed, hemoglobin is recycled.
· Nitrogen balance
· Protein is 16% nitrogen and this element is crucial for the synthesis of many other compounds in the body
· We need a constant amount of this element in our bodies
· Nitrogen Equilibrium:
· Intake (from food dietary protein) + Retention (protein turnover recycling amino acids) = Losses (nitrogen losses in urine from break down of amino acids in feces and sweat)
· Positive nitrogen balance during
· Pregnancy
· Lactation
· Resistance exercise
· Recovery from illness
· Growing children
· Intake + retention > losses
· Negative nitrogen balance occurs during
· Starvation
· Trauma emotional and other
· Intake + retention < losses
· Proteins as an energy source: deamination
· The body uses carbohydrates and fat for energy
· But protein can also be used through deamination
· The carbon skeleton of a deaminated amino acid can be used to make glucose or lipids
· If you eat too much protein your liver will deaminate it, and you will store it as fat.
· Deamination: the removal of the amino group

Protein and disease
· What is an allergy?
· Allergies are hypersensitive responses to substances
· Pollen allergies and food allergies are the most common
· Pollen allergies are caused by an immune hyper-sensitive response to protein on the surface of pollen grains
· 100 grains per cubic meter
· The mechanism of allergy
· Food allergies are caused by an immune hypersensitive response to protein in certain foods.
· Life threatening food allergies are caused by:
· Peanuts, tree nuts, milk, eggs, fish, shellfish, soy, and wheat.
· Prevalence of food allergies
· Genetics and food preparation seems to play a major role
· Most children outgrow their food allergies by the time they are 5 years old
· Most allergic reactions are mild
· But for many especially children, the allergy reaction is severe
· Anaphylaxis
· Celiac disease
· An autoimmune disorder that affects the small intestine
· Damage to the villi is caused by a hyper sensitive immune response to gluten -  a protein found in wheat and related grains
· Damaged villi, called villi atrophy, lead to malabsorption of nutrients
· About 1/133 Canadians have celiac disease
· Treatment: eliminate all gluten from the diet
· Non-celiac gluten sensitivity (NCGS)
· The amount of gluten in wheat has increased through selective breeding of agricultural crops during the last 10,000 years
· Grains with higher amounts of gluten are selected

Protein in food and DRI’s
· How much protein do you need?
· EAR = 0.66g of protein/kg of body weight
· RDA = 0.8g of protein/kg of body weight
· Intake amount increases during
· Pregnancy
· Breast-feeding
· Infancy and childhood
· Recovery from serious illnesses
· Blood losses
· Burns
· Only 9 of the 20 amino acids are essential. Foods may be high in protein but low in the essential amino acids
· Estimates of amino acid requirements
· The RDA (mg/kg/day) for all 9 essential amino acids
· Adults: based on maintaining nitrogen balance
· Children: age 10-12, maintaining positive nitrogen balance
· High-quality protein
· Influence by 2 factors:
1. Amino acid composition: contains all essential amino acids in adequate amounts
2. Protein digestibility: a measure of the amount of amino acids absorbed from a given food
· High quality complete protein
· All essential amino acids
· Well absorbed
· Low quality incomplete protein
· Lacks 1 or more essential amino acid
· Poorly absorbed
· High-quality protein foods
· Animal protein (meat, fish, poultry, eggs, milk and milk product) includes all 9 essential amino acids and an excellent and inexpensive source of protein!
· Plant protein (legumes) lack at least 2 essential amino acids
· Combining complementary proteins for vegetarians/vegans
· Protein complementation
· The process of mixing incomplete plant based protein sources to provide all essential amino acids without adding animal proteins.
· Are protein bars a good choice for added protein?
· Protein bars are generally very high in sugar. In these examples, we have non-nutritive sweeteners and sugar alcohols
· Nutritional labels
· Packaged food products list the amount of protein (in grams) but no % daily value (%DV)
· One would have to take into account the amino acid composition and the digestibility of the protein (too complicated)
· But you can judge protein quality by looking at the ingredient list (look for high quality sources: eggs and milk)

Lesson 7: vitamins
Readings: section 10.1: vitamins and minerals – overview & section 13.4: vitamins D deficiency and vitamin D toxicity

Vitamin D
· Function: works with calcium to form strong bones and teeth. Helps the body absorb calcium
· Sources: sunlight, oily fish, fortified margarine and cereals + eggs
· Deficiency: rickets in children, osteomalacia in adults
Vitamin K
· Is a group of chemicals that your body uses to make specialized proteins found in blood plasma (the clear fluid in blood), such as prothrombin, the protein chiefly responsible for blood clotting.

Defining features of vitamins
· Vitamin are non-energy-yielding nutrients
· Our cells do not metabolize micronutrients for energy
· Need to include more nutrient dense foods (have more micronutrients per kcal)
· Different levels of required intake
· Chromium – RDA: 25 micrograms
· Calcium – RDA: 100mg
· Thiamin – RDA: 1.1mg
· Riboflavin – RDA: 1.1mg
· Niacin – RDA: 14mg

Chemical structure of vitamins
· Look different from energy-yielding nutrients
· Compounds made up of carbon, hydrogen, oxygen and sometimes nitrogen and sulfur
· # Chains of repeated units

Sources of vitamins
· Natural: plant, animal, fungi (mushrooms (nutrient dense), bacteria
· Synthetic: (made in labs using microbes  supplements, enrichment + fortification
· Enrichment: addition of vitamins and minerals to food products to replace lost during processing
· Fortification: addition of supplementary nutrients to food that were neither not originally present or present in insignificant amounts 

Vitamin solubility
· Organized based on solubility
· Water soluble: B & C – transported in the blood (easily excreted in urine
· Fat soluble: A, D, E & K
· Generally stored where fat is stored (fat cells + liver)
· Can accumulate in the body and cause toxicity (insolubility)

Absorption of vitamins
· Not 100% efficient
· Bioavailability: how much a vitamin or mineral is absorbed (depends on several factors)
· Physiological need – age, gender, diet
· Method of preparation – raw, cooked, processed
· Source – synthetic, naturally occurring, fortified
· Combination of foods you eat

Classifying 
· Based on function (see vitamin + mineral summary)

Fat-soluble vitamins (stored in the body)
Vitamin A
· Expressed as RAE: Retinol Activity Equivalent (lipids soluble  stored in the liver)
· Retinol (form absorbed from vitamin in-A rich animal foods), Retinal, Retinoic Acid (forms)
· Beta-carotene (carotenoid: plant pigment)
· Can be found:
· Carrots, sweet potato, kale, lettuce, apricots
· RDA women: 700 micrograms/day
· RDA men: 900 micrograms/day
Beta-Carotene
· Lipid soluble (stored in the body)
· Increased if sautéed in butter or oil (bioavailability)
· Orange/yellow: beta-carotene
· Deep green: chlorophyll masking the carotenoids
· Major functions:
· Cell differentiation: newly formed cells develop an identity
· Vision: transforms light into nerve impulses that informs the brain –rhodopsin *600 carotenoids, 50 work as vitamin A
· Anti-oxidant function: beta-carotene and carotenoids of antioxidants (cell damage, aging)
· Deficiency:
· Increased rates of infection
· Causes a deficiency in everything else
· Keratinization of the skin (invasive micro organisms)
· Permanent blindness (skin become hard and scaly)
Vitamin D
· Sunlight, cholesterol, body heat
· By the time light reaches your skin, all of the UV radiation has been filtered out
· Anything that blocks UV radiation prevents the synthesizing of vitamin D (sunscreen, pollution, tall buildings, clothing)
· Not common in food, no one food has enough
· AI = 600 IV (old system)
· Major functions:
· Bone development
· Regulates cell growth
· Cancer fighting properties
· Deficiency:
· Rickets (bowed legs) in children
· Adult form = osteomalacia (softening of bones bending of spine) can lead to osteoporosis
· Too much vitamin D = too much calcium (caused by the overuse of supplements)
Vitamin E
· Antioxidant function
· Food sources: polyunsaturated vegetable oils, nuts, seeds
· Reduces the risk of CVD and cancer
· Used in packaged foods to extend shelf
· Major fat soluble antioxidant found in cells
· Protects polyunsaturated fatty acids in cell membranes from being damaged 
· Deficiency:
· Causes red blood cells to break open
· Free radicals can also help oxidize LDL deposited into plaque
· Promotes CVD
Vitamin K
· Blood clotting
· Important for the synthesis of blood clotting factors
· Synthesized by the bacteria living in the large intestine
· The rest is obtained through the diet
· Deficiency:
· Infants at risk for vitamin K deficiency (VKDB)
· Bleeding
· # Found in breast milk

Water-soluble vitamins
Vitamin B
· Crucial for energy metabolism
· The sum of all the chemical reactions that go on in living cell organisms. It includes all the reactions by which the body obtains and expands energy from food
· Metabolism = change
· B vitamins along with some minerals support the generation of energy from macronutrients
· Includes:
· Thiamin
· Riboflavin
· Niacin
· Vitamin B6
· Folate
· Vitamin B12
· Biotin
· Pantothenic acid
· Without B vitamins the body can lack energy
· Coenzyme action: common feature among all B vitamins
· Vitamins bind to coenzyme (small molecule, that bind to enzymes and active them) – without it, it will remain inactive (cannot catalyze a chemical reaction)
Thiamin
· Rice: discarded bran is rich in thiamin
· Chicken: development of BERIBERI disease (deficiency disease)
· Deficiency disease caused by a lack of thiamin in the diet. Symptoms include: weakness, memory loss, weight loss
· Prison: symptoms of beriberi apparent in chickens eating prisoners, left over
· Necessary for energy metabolism
· Wernicke-korsakoff: a neurological disorder typically associated with chronic alcoholism and caused by a deficiency of thiamin; also called alcohol-related dementia
Riboflavin
· Deficiency disease is rare
· Symptoms include: weakness, inflamed tongue, sores of the edges of the lips
· Exposure to light causes the vitamin to break down rapidly (milk # stored in clear glass containers
Niacin B3
· Can be produced using the amino acid tryptophan
· 60mg of tryptophan = 1mg of niacin
· Remainder is supplied by the diet
· Deficiency disease – pellagra
· 3D’s: dementia, diarrhea, dermatitis (skin)
· Infectious disease infecting the poor (lacked protein)
· Problem = low bioavailability
· Mexico was immune to pellagra (soaked corn kernels from the protein)  enhanced bioavailability
Vitamin B6
· Coenzyme for all over 100 different enzymes
· Mega doses are toxic
· Crucial for:
· Energy metabolism
· Amino acid metabolism (11/20 = non-essential)
· Heme synthesis (happens in the unitochondria)
· Is essential for making the non-essential amino acids
· Without B6 all amino acids become essential
· Conversion of the amino acid tryptophan to niacin requires vitamin B6
· Homocysteine
· Conversion of the toxic homocysteine to cysteine
· Folate and vitamin B12 also participate in homocysteine metabolism
· Methionine: essential amino acid (used to synthesize cysteine)
· Cysteine: non-essential amino acid
· Homocysteine = intermediate product
· If this accumulates in the blood, it may contribute to CVD

Why does homocystedine contribute to CVD?
· Anything that causes irritation of blood vessels that leads to inflammation causes CVD. Inflammation is the onset of CVD (plaque deposits caused by)

Heme synthesis
· The iron in foods that is bound to the hemoglobin and myoglobin proteins
· Found in meat, fish, poultry and eggs
· Hemoglobin consists of 4 polypeptides
· B6 is required for heme synthesis
· Without B6, anemia develops
· “too little blood” not a disease itself but can be symptoms of several different diseases (symptoms: general fatigue and weakness to cardiac arrest)
Folate
· key roles:
· Energy metabolism
· DNA metabolism (most important)
· Amino acid metabolism
· Rampant DNA synthesis happens during embryonic development 
· The neural tube develops into the brain and spinal cord
· Deficiency disease:
· Spina bifida: characterized by the incomplete closure of the spinal cords and its bony encasement
· Anencephaly: characterized by absence of a brain
· DNA metabolism
· Red blood cells live for about 4 months
· Megaloblastic anemia: not enough hemoglobin
· Folic acid is the synthetic form found in supplements and added to fortify foods
· Has a higher a bioavailability than folate
· Since 1998 all wheat flour is fortified with folic acid
· Neural tube defects fell by 46%
Vitamin B12
· Key roles:
· Energy metabolism
· DNA metabolism
· Amino acid metabolism
· Maintaining the myelin sheath
· Without it, sections of the myelin sheath undergo destruction that can lead to neuropathy degeneration of the spinal cord
· Stored and recycled in the body
· Absorption:
· HCL and protein release B12 from the protein
· B12 bonds to the intrinsic factor (IF) a protein produced by the stomach cells
· The vitamin B12 (intrinsic factor complex) reaches the ileum where the vitamin is absorbed
· No intrinsic factor = no B12 absorption (even with supplements)

The absence of IF causes pernicious anemia
· Result of the protein not being produced or having the wrong shape because of incorrectly place amino acids
· Many people over 50 are B12 deficient
· Treatment for pernicious anemia can include monthly injections of B12 or nasal gels/sprays containing B12

Pantothenic acid and biotin (B vitamins)
· Deficiencies are rare
· Both are abundant in food
· Some of our biotin needs are met by the work of our microbes

Vitamin C (bone formation)
· Water soluble antioxidant
· Scurvy = best known deficiency disease
· Use citrus fruits to counter
· Key roles:
· Synthesis of collagen (protein that gives strength to bone)
· Without vitamin C would be like gelatin
· Antioxidant function
· Acts as an antioxidant by donating free radicals
· Can be donated to vitamin E
· Recycles vitamin E so that it can regain its antioxidant function

Vitamin + mineral: summary
Vitamins and minerals essential for energy metabolism:
· All B vitamins
· Iodine
· Zinc
· Chromium
· Iron
Vitamins and mineral essential for blood health:
· B6
· Folate
· B12
· Vitamin K
· Iron
· Zinc
· Calcium
Vitamins and mineral essential for amino acid metabolism:
· B6
· B12
· Folate
· Zinc
Vitamins and minerals essential for growth and development:
· Vitamin A
· B12 (neural health)
· Vitamin D
· Folate (fetal development)
· Zinc
· Calcium
· Iodide
Vitamins and minerals essential for DNA metabolism:
· Folate
· Zinc
· B12
Vitamins and minerals essential for bone health:
· Vitamin C
· Vitamin D
· Calcium
· Phosphorous
· Magnesium
· Fluoride
Vitamins and mineral essential for antioxidants:
· Vitamin C
· Vitamin E
· Carotenoids – beta carolene
· Zinc
· Copper
· selenium
Fat soluble
· A
· D
· E
· K
Water soluble
· B
· Fotale
· Ribotlavin
· Thiamin
· Niacin
· C
Major minerals
· Calcium
· Magnesium
· Sodium
· Phosphorous
· Potassium
Trace minerals
· Iron
· Chromium
· Selenium
· Fluoride
· Iodide
· Zinc
· Copper

Lesson 8: Minerals

Defining features of minerals
· Come from the earth
· Are indestructible
· No living organisms synthesize mineral
· [bookmark: _GoBack]7 major minerals – 8 trace minerals

Element composition:
· Minerals do not contain nitrogen and carbon-hydrogen oxygen
· Major minerals > 100mg/day
· Trace minerals < 100mg/day (not any less important, just less abundant)
· Calcium + phosphorus combine to form the skeleton (others found in muscle cells + other 
· Iron = the most abundant trace mineral
· Sample compartments in the body:
· Intracellular fluid: fluid within the cells, usually high in potassium and phosphate (2/3 of the bodies water) (inside the body )
· Interstitial fluid: fluid between the cells, usually high in sodium and chloride (large component of extracellular fluid)
· Inside blood vessels: intravascular fluid: extracellular fluid located within the cardiovascular system of lymphatic system
Source of minerals:
· Food
· Water:
· Hard water: high concentration of calcium and magnesium + other minerals in trace amounts
· Reduces hypertension
· Soft water: treated with sodium or potassium
· Exacerbates hypertension (extend life of certain appliances)
· The greater the mineral content, the harder the water (can smell + taste bad)
· Dietary supplements
· Beware! Minerals have a narrow range of safe intake (easy to consume a toxic amount 
Bioavailability
· Dictated by gender, age, source, combination of foods eaten (binding factors from plants prevents absorption), amount of other minerals consumed.

Major minerals
Calcium
· Bone health
· >99% of calcium is found in bones and teeth (maintains the structure)
· Stored in bones as hydroxyapatite crystals
· Calcium in bones also acts as a reservoir for when blood calcium levels drops 
· Neural communication:
· <1% is found in intravascular and interstitial compartments in ionic form (blood calcium!)
· Synaptic cleft: presynaptic and postsynaptic cells
· Electrical signals open protein channels for calcium to flood into the presynaptic neuron
· Without calcium, the neurotransmitters are not released and neurons fail to communicate 
· Blood calcium must be tightly controlled
· Calcium homeostasis:
· Osteoclasts: degrade bone tissue (demolition)    cell
· Osteoblasts: build bone tissues (construction)    cell
· When blood calcium levels drop, bone =demineralized to liberate calcium into the blood
· Activity of osteoclasts + osteoblasts is regulated by the thyroid gland and parathyroid glands (4 smaller glands)
· Control the activity of the cells
· Falling blood calcium levels:
· PTH stimulates activation of vitamin D in kidneys
· PTH – vitamin D duo increase calcium reabsorption in the kidneys
· Vitamin D travels to the smaller intestine and increases the bioavailability of calcium
· PTH – vitamin D duo signal osteoclasts to break down done
· Rising blood calcium levels is controlled by the secretions of the thyroid gland (only a problem for young children)
· Bioavailability of calcium from foods:
· Spinach: calcium per serving 291 mg
· Best source of calcium = dairy
· Additional calcium secreted by the kidneys through urine
· Excess salt intake = increased urine production eliminate excess sodium
· Calcium and peak bone mass:
· The highest attainable bone density achieved in the first 3 decades of life (20s)
· Not gender specific but declines afterwards (age of 30)
· Estrogen decreases osteoclast activity
· After menopause: no estrogen = high osteoclast activity (unregulated) 20% of bone density is lost
· Osteoporosis
· Disease of severely low bone density (loss of minerals)
· People with osteoporosis have weak bones that may break easily
· Shrinking in height = common symptom caused by the collapse of the vertebrae 
· Minimize the risk of osteoporosis:
· Maximize peak bone mass
· Resistance exercise well into old age
· Meet the RDA for calcium

Phosphorus (P)
· Bone health
· 85% stored in bones
· Stored in bones as hydroxyapatite crystals
· Present in everything we eat
· Found in soft drinks as phosphoric acid
· Too little calcium + too much phosphorus = severe tooth decay

Magnesium (mg)
· Bone health
· 50% or more is stored in bones
· Influences the formation of hydroxyapatite crystals
· Found inside cells
· In plants it is associated with the green pigment – chlorophyll
· Any deep green vegetable is a good source of magnesium
· Legumes are a good source of magnesium

Sodium (NA)
· Fluid balance + neural communication
· Sodium + chloride are extracellular ions (found in the extracellular compartment)
· Sodium = crucial in fluid balance and nerve impulse transmission
· Chloride becomes part of the hydrochloric acid found in stomach
· Table salt: mined from inland salt deposits
· Fleur de sel: harvested from artificial salt ponds by the evaporation of sea water
· Neural communication:
· Propels the electrical impulse down a neuron
1. Electrical signal
2. Calcium floods into presynaptic neuron
3. Neurotransmitters bind to ion channels as postsynaptic membrane and sodium floods into postsynaptic cell
· Fluid balance:
· Crucial for controlling the volume of the extracellular fluid compartment
· High sodium intake = hypertension
· Hypertension: chronically elevated blood pressure and CVD
· Most people exceed the UL for sodium by severeal hundred mg/day
· UL = 2,300mg/day
· AI = 1,500mg/day

Potassium (K)
· Fluid blance + neural communication
· 95% is found inside cells 
· found in large variety of real food
· processed foods have lost their potassium because cells are no longer intact
· associated with lowering blood pressure (consume fruits!)

Trace minerals
· Only recognized as essential to humans over the last 60 years

Iron (Fe)
· Blood health
· 60% found in red blood cells
· 2 billion new red blood cells are produced every day
· Oxygen enters red blood cells and binds to the iron
· Without iron, oxygen has nowhere to bind
· Too little iron = deadly
· Too much iron = deadly
Absorption of iron
· Epithelial cells produce ferritin
· Binds to iron preventing it from entering the blood stream
· Varies between 5% and 40$
Bioavailability:
· Depends on the bodies physiological need for it
· Dependent on the source of iron consumed
· Non-heme iron has a lower bioavailability than heme iron 
· Not attached to proteins
Iron-deficient anemia: (preventable)
· Severe depletion of iron stores that results in low hemoglobin and small pale red blood cells
· High risk groups: women, growing infants, children and teens

Iodide
· Energy metabolism
· Upon absorption almost all iodide ends up in the thyroid gland
· Has a singular function = the synthesis of thyroid hormones
· Thyroid hormones maintain normal metabolism and normal growth 
Deficiency disease:
· Ocean = #1 source for iodide
· Soils that were submerged
· Living far from ocean = iodide free soils that produce iodide-free plants
· Goiter: results from an enlarged thyroid gland
· Cretinism: impaired fetal development, stunted growth and physical and mental abnormalities
· Leading cause of mental impairment gobally
· Added to table salt since the 1920s
Chromium
· Energy metabolism
· Enhances the ability of insulin to take in glucose into your cells 
· Does not increase muscle mass or melt fat

Zinc
· Energy metabolism
· Amino acid metabolism
· DNA metabolism
· Required by > 100 enzymes as a cofactor
· Heme synthesis
· Growth and development
Deficiency:
· Impairs growth and development
· Zinc lozenges can be used to reduce symptoms of a cold
Zinc + copper + selenium
· All work as antioxidants
· Protects against some forms of cancer (selenium = notable)
· Location affects intake levels

Fluoride
· Deposited in hydroxyapatite crystals in teeth to form fluorapatite  makes teeth more resistant to decay
· More or less cavities depending on levels in water
· Fluorosis: too much fluoride = toxic

Lesson 9: Water and Energy
Water
Osmosis
· Water is a major component of body cells
· Adult body = 40L of water
· 2/3 of this water is found inside cells
· Muscle cells and epithelial cells contain 70% to 80% water
· Fat cells and bone cells contain less than 20% water
· Extracellular fluid compartment
· 1/3 in the extracellular fluid compartment
· Extracellular fluid compartment includes the cardiovascular system, the lymphatic system and the interstitial fluid compartment
· Sweat, gastric juices, tears, spinal fluid, fluid between joints
· To function properly the body must maintain the correct amount of water in each compartment
· Water molecules move toward compartments with the highest concentration of solutions
CHEMISTRY GOLDEN RULE #3: Where ions go, water follows (osmosis)
· By controlling the amounts of solutes within each compartment, the body can control the amount of water inside and outside the cells
· Osmosis is crucial for understanding fluid balance 
· The diffusion of water through a selectively permeable membrane (water moves to where solutes are more concentrated)
· Free moving water molecules move with relative ease
· Water molecules that are hydrogen bonded to the solutes do not move freely
· The body maintains the balance of compartmental fluids by controlling concentrations of ions in each compartment
· To control the movement of water, the cells direct the movement of major minerals 
· Most notably: sodium, potassium and magnesium
· Chloride, phosphorous and sulfur also play a role
· Water dissolves salts and follows electrolytes
· Charged ions = electrolytes (salt that dissolve in water and dissociate into charged particles) help control the volume of water within the fluid compartments  sports drinks
· Cations are positively charged ions +
· Anions are negatively charged ions -

Functions of water in the human body
· Transport of nutrients and waste
· Nutrients are delivered to cells
· Waste is delivered to the kidneys for production of urine and elimination
· Urine = mostly water with suspended waste
· Water particles in chemical reactions
· Water is the by-product of energy metabolism
· This is called metabolic water (water generated during metabolism)
· Amount of metabolic water produced per day depends on level of physical activity 
· Active people produce approx.. 550ml per day
· Inactive people produce approx.. 300ml per day
· Water regulates body temperature
1. During exercise blood rushes to the surface of the skin carrying the heat generated from the metabolic reactions in the cells
2. Blood capillaries near the surface of the skin dilate to allow more blood to flow through (reason why people turn red)
3. This allows for more heat to dissipate thus cooling down your core
4. Sweat is what allows the body to cool down during exercise
a. For water to be continuously pulled to the surface, the sweat at the surface must evaporate
b. If it is too humid, heated water remains trapped in the body – can lead to heat strokes
The role of the kidneys
· Body = 50% to 70% water
· % of water varies:
· Age (newborns = 75% water weight, very old = 45%)
· Sex (muscle tissue is approx.. 75% water, fat tissues approx.. 20%)
· Sources:
· Water from food + beverages
· Fruits + veggies = up to 90% water
· Metabolic water (from the chemical breakdown of macronutrients) water generated during metabolism
· Water losses:
· Kidneys (urine)
· Skin (sweat)
· Lungs (breath)
· GI tract (feces)
· Total accounts for an approximate loss of 1450 to 2800 ml
· Pathway and functions:
· Every time the heart contracts 21% of the blood heads directly to the kidneys for processing (receives approx. 5 cups of blood per minute)
· Blood is received via the renal artery
· Cardiac output = volume of blood pumped into circulation per minute
· Cleaned blood leaves the kidneys via the ureter
· Kidneys control blood pressure, blood volume and the solute concentration of body fluids
· The greater the amount of fluid, the greater the amount of pressure on the walls of the blood vessels
· Low blood volume = low blood pressure or vice versa
· The kidneys are controlled by secretions from:
· The posterior pituitary gland (brain) controls the volume of urine and its solute concentration
· Secretes antidiuretic hormone (ADH)
· Secreted when blood volume = low or concentration of sodium in blood plasma = high
· Water must be conserved to increase blood pressure or dilute the concentrated extracellular solution
· Adrenal gland (sits on top of the kidneys)
· Secretes aldosterone
· Aldosterone signals the kidneys to reduce the elimination of sodium in urine (conserves water)
· ADH + aldosterone promote the elimination of potassium (intracellular ion)
· Doing so encourages water to remain in the extracellular compartment and not migrate into body cells
· Managing blood pressure:
· Lower blood pressure by increasing potassium (eat bananas) and magnesium intake (green leafy veggies) while reducing sodium intake)
· DASH – Dietary Approaches to Stop Hypertension

Water deficiency + toxicity
· Fluid and electrolyte imbalance can occur from water deficiency and toxicity
· Dehydration
· Can be mild to severe
· Vomiting and diarrhea can lead to excessive water loss
· Simple water intake can treat mild dehydration
· More severe cases require electrolytes to be replenished (sports drinks)
· Electrolytes and water are lost through sweat during physical activity
· Hyponatremia
· A decreased concentration of sodium in blood
· Hypo = below
· Natrium = sodium (NA)
· Emia = blood
· Symptoms:
· Headaches
· Confusion
· Seizures
· Cellular level: water leaves the intravascular and interstitial compartments and migrates into cells (including cells of the nervous system)
· Hyponatremia requires immediate medical attention
· Water intoxication
· The rare condition in which body water contents are too high in all body fluid compartments
· It occurs when excessive amounts of plain water in consumed in a short time period or when the kidneys are having difficulty filtering water from blood.
· Can also be a result of taking drugs like ecstasy
· Causes extreme thirst
· Water intoxication causes:
· Hyponatremia (headaches, confusion, seizures, coma and death)

What is metabolism?
· Metabolism is the sum of all chemical reactions that go on in living cells
· Metaballein = change
· Energy is obtained through the foods you eat
· Anabolic: chemical reactions that require energy input
· Liver requires 380 kcal per day to function
· This helps:
· Build glycogen
· Synthesize cholesterol
· Make very low density lipoprotein
· Synthesize 11 non-essential amino acids
· Convert ammonia to urea (during the deamination of amino acid)
· Convert retinol into other forms of vitamin A
· Convert vitamin D3 into an intermediate form
· The liver is an energy demanding organ
· Kidneys require approx.. 140 kcal per day to function (half of lives)
· This helps:
· Convert inactive vitamin D into the active form
· Process 5 cups of blood per minute to make urine
· The kidney is the most energetically expensive organ to maintain for its size
· Catabolic: reactions in which large molecules are broken down to smaller ones.
· These reactions release energy
· Kata = breakdown
· Chemical reactions release stored chemical energy

***ATP IS THE ENERGY CURRENCY OF THE CELL!

What is ATP? 
· A nucleotide (small molecule used as a coenzyme in cells)
· Nutrients and waste are exchanged between the cells and the blood through the blood capillaries
· Mitochondrion = ATP factory for every cell
· # of mitochondrion per cell varies as a function of their metabolic rate
· Muscle cells = saturated # of mitochondria
· Liver cells = saturated # of mitochondria
· Fat cells = fewer # of mitochondria
· Transfers chemical energy into ATP which forms:
· H2O (metabolic water)
· CO2 (exhaled)
· ATP (currency of the cell)
· A highly reactive molecule
· Synthesized from Adeonosibe Phosphate (ADP)
· Energy for this reaction is supplied by the breakdown of macronutrients
· Eating energy rich foods provides the mitochondria with the fuel to male ATP (then used for the day to day business of the cell)
· Contains 40% of the chemical energy that was stored in carbon-hydrogen bonds of glucose, remainder was lost in heat
· Phosphorylating – changes ATP into ADP
· Must be in constant supply for the sodium-potassium protein pump to work
· ATP turns into ADP
· Adenosine + 3 (tri)phosphate groups

Energy input and output
· Energy in
· AMDR:
· Protein: 10% to 35%		of calories
· Fat: 20% to 35%		of calories
· Carbs: 45% to 65%		of calories
· Bulk of energy should come from carbs
· Energy out:
· Physical activity: 30% to 50%
· Thermic effect of food: 10%
· Basal metabolism: 50% to 65%
· Basal metabolism is the energy needed to maintain life when a body is at complete digestive, physical and emotional rest. It is the energy needed to maintain life when the body is at rest
· 1,300 kcal out of a 2,000 kcal diet is taken up by your basal metabolism
BMR
	Liver
	27%
	380 kcal/day

	Brain
	19%
	265 kcal/day

	Skeletal muscle
	18%
	250 kcal/day

	Kidney
	10%
	140 kcal/day

	Heart
	7%
	100 kcal/day

	Other
	19%
	265 kcal/day



Total = 1,400 kcal/day
· If you consume 2,000 kcal/day, you would need to spend 600 kcal/day to maintain a stable weight
· More calories consumed = the more that need to be spent on physical activity
· Mechanical digestion = costly
· Contractions along the alimentary canal requires an input of energy for the muscles to contract
· Muscles are being constantly phosphorylated by ATP
· Stomach churns the food for extended periods of time to break up the chime before it enters the small intestine

Thermic effect of food (TEF)
· An estimation of the energy required to process food (digest, absorb, transport, metabolize and store ingesting nutrients)
· The processing of food consumes approx.. 10% of total caloric intake
· Processing includes: digestion absorption, transportation, metabolizing the nutrients
· For example: once absorbed fructose is delivered to the liver and converted to glucose which is then used to make glycogen (requires ATP input)

Why is BMR measured only after 12 hours of fasting?
· The # of enzymes that must be synthesized for the digestion of polysaccharides and disaccharides (lesson 4.1)
· Which enzymes need to get synthesized (lesson 5.1)
· Proteins (lesson 6.1)
· Energy must be spent to make the chemical digestion of food possible!
· Anabolic chemical reactions build the enzymes necessary for digestion

Weight loss, weight gain and weight maintenance
· Weight = stable when energy expenditure is balanced with energy intake
· Sedentary life = weight gain occurs when energy intake exceeds energy expenditure
· Excess energy (carbs, lipids or fat) will get stored as fat in adipose tissue
· Weight loss = energy expenditure exceeds energy intake

Factors that influence BMR
· Factors:
· Body composition
· Age
· Environment
· Sex
· Body surface area (height)
· Muscle tissue = more metabolically active than fat tissue
· Muscle to fat tissue ratio
· The more muscle tissue you have relative to fat, the higher your BMR
· Men on average have more muscle mass than women (biological sex influence)
· Men have a higher BMR than women
· Growing children have a higher BMR
· Energy people have a lower BMR
· Taller = higher metabolic rate even if weighing the same – taller person has more body surface area from which heat can escape
· Taller individuals would need to burn more calories to replace the heat that is lost

Genes and environmental factors
· BMR = largely determined by genetics
· Can be experienced:
· Utero (embryo)
· Neonate
· Adulthood

Role of the environment on development
· Development of sweat glands:
· Babies are born with non-functional sweat glands, these sweat glands mature over the first year of life 
· The hotter the climate that the baby is born into, the more sweat glands that will become functional
· The colder the climate the baby is born into = a fewer # of functional adult sweat glands
· People with more functional sweat glands have less risk of dying from heat stress because they can cool the body efficiently

Fetal environment and BMR
· Potential to set BMR during fetal development
· Caloric intake during pregnancy can affect BMR, has been studied for several decades 
· Thrifty Gene Theory:
· Hypothesized that fetuses deprived of calories lower their BMR because they predict an environment of food scarcity
· Problem: the risk of obesity = too complex to blame on a single factor
· Quality of diet can play a role:
· Mom diet, nutrients affect gene expression
· Epigenetics: the study of how the environment can alter gene expression
· Nutritional genomics: examines the interaction of genes and nutrients. These interactions include both nutrigenomics and nutrigenomics.
· Nutrigenomics: studies how food can affect gene expression (includes epigenectics)
· Nutrigenetics: studies how genes influence how nutrients are metabolized (also known as nutritional genetics)

Lesson 10: food safety

Risk of acquiring a foodborne illness
· Risk: a measure of probability that a substance or activity will cause harm under defined conditions of exposure
· Risk = dependent on behavior
· In Canada, every year 4 million people get sick from foodborne illnesses (1 in 8 people/ 12.50%)
· A serious infection can lead to chronic sequeale (chronic secondary complications following an acute illness, otherwise known as a chronic disease)
· May occur in 2% to 3% of food borne diseases

Pathogens and pathogenicity
· Microbes: most often thought of as disease causing bacteria but bot all microbes are bacteria and not all bacteria are pathogenic
· Too small to be seen by the naked human eye
· Includes: bacteria (algae) and fungi 
· Pathogens: microorganisms capable of causing disease. Some are more pathogenic than others /(some people are also more susceptible than others)
· High risk:
· Pregnant women
· Old people
· Very young people
· Those with compromised immune systems
· The malnourished

Foodborne illnesses and infections
· Foodborne illnesses are transmitted to human beings through food and water
· They are caused by either an infectious agent (foodborne infection) or a poisonous substance (food intoxication – food poisoning)
· Foodborne infections are caused by eating contaminated foods (have live pathogens)
· Pathogens find habitable living spaces in the digextive tract and begin to proliferate
· Symptoms:
· Abdominal cramps
· Fever
· Vomiting
· Diarrhea
· Foodborne intoxication is caused by eating foods containing natural toxins produced by pathogens (pathogens do not have to be present for intoxication to occur)
· Toxin producing bacteria need only to have at some point infused the food with he toxin
· Enterotoxins: affect the intestines
· Neurotoxins: affect the nervous system

How long before you get sick?
· Onset of symptoms depends on the length of time it takes for the pathogens to grow and multiply in the small intestine
· Average range = 1 day to several weeks (the onset of symptoms is apparent within a few hours)

Pathogens
· Foodborne bacterial pathogens
· Campylobacter Jejuni
· 1.8 million foodborne infections per year
· Contamination: eating undercooked meats and improperly handled poultry
· Side effects:
· Guillain-bare syndrome (GBS)
· Causes impairment of neurons leading to neuromuscular paralysis 
· Reactive arthritis
· Irritable bowel syndrome
· Salmonella (raw chicken)
· Escherichia coli
· Beef patties need to be thoroughly cooked
· Pathogens are mixed throughout the meat in the grinding process
· Increased surface area of protein rich tissue
· Supplies oxygen for microbes to grow and multiply
· Infections occur from improperly handling raw ground meat and eating undercooked meat
· Mechanically tenderized beef = source of infection for 2012 outbreak
· Listeria
· Found in soil + water
· 2 adaptations that increase its pathogenicity
· Forms biofilm on surfaces
· Grows well + multiplies in the fridge
· Is killed by pasteurization and cooking
· Lunch meats and hot dogs get contaminated after factory cooking
· Can also grow on vegetation
· Buying pre-cut lettuce increases risk
· Cutting liberates nutrients previously confined to the inside of plants. These nutrients become food for pathogens
· Pre-cut lettuce is difficult to wash properly
· Foodborne viral pathogens
· Norwalk virus (stomach flu)
· Highly contagious
· Symptoms (normally short  lived)
· Vomiting
· Diarrhea
· Abdominal pain
· Body aches
· Can be transmitted through contaminated foods, raw food, water and human to human contact.
· Bacterial producing toxins
· Staphylococcus
· Also known as staph
· Produces toxins that make you sick
· Is a bacterium commonly found on the surface of skin (hands + nose)
· Cooked food is contaminated when someone handles food with unwashed hands
· Bacteria multiply in unrefrigerated food and produce toxins
· Symptoms will appear after 1 to 6 hours
· Nausea
· Vomiting
· Stomach pain
· Bacterial toxin producers
· Clostridium botulinum
· Produces botulinum, the most poisonous substance known to man
· Spore are commonly found in plants + soil
· Pathogen that grows and multiples in the absence of oxygen
· As the bacteria grows, it produces botulinum toxin
· Most common cause = home-canned foods
· Fatal but rare
· Other microorganisms producing toxins
· Fungi toxins
· Fungi produce mycotoxins
· Aflatoxin
· Produced by moldy crops
· Peanuts usually contain minor amounts of alfatoxin
· Can cause liver cancer
· Climate change is increasing the spread of mold on crops
· Marine toxins
· Many microorganisms inhabit aquatic ecosystems
· Can accumulate in some fish
· Best known: algae that produce toxic red tides
· Frequently bloom along the gulf of Mexico
· Climate change can exacerbate the problem by favouring growing conditions
· Pesticides
· Any chemical that is used to control insects, weeds or fungi
· Insecticides: kill herbivorous insects
· Herbicides: kill weeds that compete for resources with crop plants
· Fungicides: kill fungi that produce toxins
· Modes of entry:
· Inhalation
· Dermal contact
· Ingestion

How safe are pesticides:
· Help protect the food supply but can cause harm to humans
· Can lead to cancer but is most dangerous to those spraying them
· Health Canada sets limits for the amount of residual pesticide on food
· NOAEL: calculated as a function of the does at which no effects are observed 
· Amount that we are exposed to = 10 fold to 1,000 fold less than the dose at which no effects were observed 

Food preservation techniques
· Application of temperature: hot and cold
· Pasteurization: high heat for a brief period of time
· Canning: heat and pressure are a part of this process
· Refrigeration and freezing: retards the growth of pathogens
· Irradiation; more aggressive
· Low does radiation to kill pathogens on food
· Regulated by health Canada
· Only done to spices, onions and potatoes and flour
· Radure symbol – international symbol for irradiation

Health agencies
· World health organization
· Canadian food inspection agency
· Environment Canada
· Health Canada

Lesson 11: (un)sustainable diets

Sustainabilitity – a wicked problem
· A wicked problem is defined as one that is difficult or impossible to solve because of incomplete and contradictory information
· Sustainability of our food systems is a wicked problem!
· Citizen group A (grown local)
· Citizen group B (organically grown)
(Un)sustainable diets
· Hedgehog perspective (know one big thing, focus on one central issue)
· Humans must eat cooked foods
· Mastication (chewing): to increase the bioavailability of energy-yielding nutrients
· Cooking creates a much larger environmental impact
· Agriculture will always have an impact on land
· Mineral rich salts get mined by plant roots
· Diminished returns after a few crop rotations = inevitable
· Greater affluence = greater impact
· As affluence increased  meat + sugar consumption increased
· Technology (nitrogen gas  protein) harmful to the environment
· Fox perspective (know many things, consider issues to be multi-faceted & linked to other issues)
· Unsustainability not easily solved
· Methods of production, transport even prep = has an impact
· Irrigation agriculture (40% of worlds food)
· Rain fed agriculture
· Transport: travel (how far)
· Preparation: sprouting (form of food waste)

Food guides once again
· Eat less meat (meat and alternatives)
· Opt for:
· More legumes (unsprouted)
· Grass-fed meat
· Organic chicken
· Eat the whole animal
· Given that legumes are a great source of both protein and fiber, we can then reduce the intake of grain (grain products)
· Eat at least 5 servings per day (vegetables and fruits)
· But given the wickedness of the problems presented, one hesitates to make sweeping generalization regarding source
· Learn how to cook, use up leftovers, reduce food waste, this requires a set of skills and cookware, we are back to where we started from

Conclusion
· Nutrition gets worked out with you in the kitchen
· Nutrition is a dynamic and sometimes complex science
· The science of good nutrition is not a wicked problem
· We may not be able to solve food sustainability just yet
· We can make small incremental progress in our homes!
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